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PREFACE

The importance of the Mobile estuary to the local
population. the region and the nation is not question-
ed by many. In fact, the area and its resources have
been in such demand that conflict between various
user groups has developed and is becoming more
severe. Various planning efforts seeking rational
evaluation and regulation for land and water uses
have been or are underway. The goals are, in part, to
identify areas for preservation, areas for possible
future development and the restrictions needed on
some activities in order to maintain the quality of
life. The factors that go inte the evaluation must be
well understood so that the cost of the alternatives,
both to the environment and to the economy can be
presented to the loeal publie - the proper judge for
these endeavors.

The Symposium on the Natural Resources of the
Mobile Estuary was conceived as a vehicle to help
make the natural resource information available to
the general public and to various agencies. This
volume has been edited by Harold A. Loyacanoand
J. Paul Smith. Hopefully, the information presented
in this series of papers will be used to manage the
natural rescurces, and to identify areas that require
more detailed study. The ultimate goal is to use
proceedings of this symposium to make the Mobile
estuary an exception to the evaluation by Handler
(1970 “. . . in most of the world, environmental
biology has not yet passed thestage of inventory and
survey, and is far from ready to grapple with the
galloping degradation of the human habitat.”

Wolf-Dieter N. Busch

"Handler, P., ed. 1970, Biclogy and the future of man. Oxford
Univ, Press, New Yori. 936 p.
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INTRODUCTION

HAROLD A. LOYACANO, JR. AND WOLF-DIETER N, BUSCH!
U.S. FISH AND WILDLIFE SERVICE
NSTL STATION, MISSISSIPPI 39529

PHYSICAL

Mobile Bay is approximately 50 km (31 miles)
long with a width of up to 38 km (24 miles) (Fig.
1). The highways, U.S. 90 (Bauleship Causeway)
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Figure 1. Mobile Bay Watershed.

and 1-10 separate the Bay from the Mobile River
delta to the north. The Bay is bordered on the
west by industrial and urban arcas of Mobile and
the industrial area of Theodore and various rural
communities; on the east by residential and {arm-

Lpresent address: US. Fish and Wildlife Service, 100 Chestout
Street, Room 310, Harrisburg, Pennsylvania 17101,

ing communities of Daphne and Fairhope; on the
southwest by Mississippi Sound and on the south
by Dauphin Island, Fort Morgan Peninsula and the
Gulf of Mexico, The surface area of this estuary is
approximately 1,070 km? (413 square miles).

Mobile Bay receives freshwater intlow from
several sources, but 95% comes through the Mobile
River System, which carries the combined flows of
the Alabama and Tombighee Rivers (Fig. 2). The
average discharge of the system into the Bay is ap-
proximately 1,730 m?* sec”? (62,500 feet? sec’!),
The outllow of Bay water occurs at two passes.
Approximately 15% of the Bay's discharge flows
into Mississippi Svund through the pass located be-
tween Dauphin Istand and Cedar Point. The re-
maining 83% flows directly inio the Gulf of
Mexico through the pass located between Dauphin
Istand and Fort Morgan Peninsula (Schroeder
1977).

The major portion of the Bay (590 km® ) has
water depths ranging between 1.8 and 5.0 m (6 and
10 fect), Located primarily in the northern portion
and around the Bay's periphery are approximately
246 km? (95.3 square miles) with depths less than
1.8 m (6 feet). The remaining 206 km*® (79.7 square
miles} have depths ranging between 3 m (10 feet)
to over 9 m (30 feet) (Crance 1971).

Mobile Bay has gently sloping bottom contours
with only minor natural irregularities. However,
the disposal of dredged marterial in open water
adjacent to the main ship channel {north-south)
has altered the Bay’s bottom contours. Bathymetric
readings show that spoil banks have been created
on both sides of the channel with the greatest relief
on the west side ranging from an average of 0.6 m
(2 feet) at midbay to 1.5 m (5 feet) in the northern
section of the Bay. The water depth over these
spoil banks ranges from 1.8 m at midbay tc gen-
erally fess than 0.6 m in the northern section where
spoil mounds protrude above the water in various

areas.
The overall circulation patterns within the Bay

are controlied by river discharges, tides, winds and
the bathymetric and geomorphic characteristics of
the Bay. However, numerous studies have shown
that alterations in the bottom contours caused by
spoil disposal have modified and restricted water
circulation patterns. Austin (1954) noted that spoil
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banks along the western side of the ship channel
presented a physical barrier to the flow of bottom
waters. Loesch (1960) made the same vbservation
and both he and McPhearson (1970) showed that
salinity stratification was more pronounced on the
cast side of the channel, indicating that the inflow
of saline water from the Gulf of Mexico was
restricted from flowing into the western side of the
Bay. May (1973) cbserved that salinity stratifica-
tion and restricted water circulation have caused
depletion of oxygen in the bottom waters over
large portivns of the Bay during summer months,
During the summer of 1971, such an cvent killed
adult oysters and prevented spat setting on Point
Clear Reef (May 1972). In a study performed
almost 20 years after Austin’s study and after an
extensive accumulation of spoil material had oc-
curred in the northern section of the Bay, Story «t
al. (1974) found that spoil hanks in the northern
section were not only altering botom water circula-
tion patterns, but were alfecting surface circulation,
They found that the spoil banks contained the
freshwater flow fram the Mobile River and pre-
vented this flow from leaving the dredged channel
for a distance of about 10 km (6 miles) south ot
the river’s mouth. However, once leaving the chan-
nel, the flow proceeded along the western shore of
the Bay as previous studics have indicated.

Water quality in the Bay is further stressed by
the discharge of more than 121,000 ki (32 million
gallons) of treated waste water per day from 19
municipal plants and 492,000 kl (130 million gal-
lons) per day from industrial discharges. These dis-
charges arc in addition to pon-pomt sources and
miscellancous point discharges such as sanitary
wastes, cooling waters, and boiler blowdown.

BIOLOGICAL

Muhile Bay below Battleship Causeway contains
only scattered arcas of tidal marsh. The major areas
are Jocated in the tributaries, such as Dog and Fowl
Rivers, and along the southcastern shore of the
Bay. Chermock (1974) calculated that the Bay
contained 1,160 ha (2,867 acres) of tidal marsh.
The predominant marsh plants include smooth
cordgrass (Spartina alterniflora), needlerush (Jun-
cus roemerianus), giant cordgrass (Spartina cy-
nosuroides), saltmarsh hay (Spertina patens), and
roseau (Phragmites communis). Little information
is available on the distribution of submerged vegeta-
tion in Mobile Bay. Baldwin (1957) estimated that
the Bay contained approximately 2,024 ha (5,000
a) of submerged vegetation, composed primarily of
bushy-pondweed {Najas guadalupensis) and eelgrass

(Vallisneria amcricana). The majority of the sub-
tidal vegetation is found in the northem portion of
the Bay.

Fishery resources within Mobile Bay consist of
numerous marine and freshwater species. Mujor
marine fish species that are dependent upon the
estuarine waters of Mobile Bay during some period
of their life and are of commercial importance in
Alabama include: scatrouts {Cynoscion nebulosus,
C. arcnarius), spot {{.efostomus xanthurus}), Atlan-
tic croaker (Micropogontas undulatus), striped mul-
let (Mugi! cephalus) and southern flounder (Para-
lichthys lcthostigma). Other important marine
fishes that inhabit the estuarine waters of AMobile
Bay and are utilized as forage by sport and com-
mercial fishes include bay anchovy (Jnchoa mitch-
i), Gulf menhaden (Brevoortia patronis) and
tidewater silverside (Menida berviima). In 1968,
the commercial fishes listed above contributed ap-
proximately §470,000 to the economy of AMobile
and Baldwin countics (Swingle 1971). In 1976, the
reported value of these same estuarine-dependent
specics had  increased  threefold $1,530,000
(U.S. Dept. of Commeree, National Marine Fisheries
Service 1977).

Major shellfish species that are dependent upon
the estuarine water of Mobile Bay and are of com-
mercial importance in Alabama include blue crab
(Callinectes sapidus), shrimps (Penacus spp.) and
oyster {Crassostrea virginica). Blue crab and shomps
occur throughout the estuarine waters of Alabama.
The major oyster reefs are in the southwestem por-
tion of Mobile Bay, primarily in the vicinity of
Cedar Point. Currently, there are approximately
1,200 ha (3,000 acres) of public oyster reels. Crab,
shrimp and oyster resources provided $8,700,000
to the economy of Alabama in 1968 (Swingle
1971). In 1976, these same resources reportedly
provided $31,800,000 to the siate’s economy
(U.S. Dept. of Commerce, National Marine Fisheries
Service 1977). Therefore, in 1976 the reported har-
vest of renewable natural resources in the form of
commercially valuable estuarinedependent  fish
and shellfish contributed approximuately
$33,100,000 to the local economies of Mobile and
Baldwin Counties,

Recreational fishing in the coastal water of Ala-
bama provides additional revenue to Mobile and
Baldwin Counties. In 1975, an estimated 308,045
recreational saltwater fishing trips occurring in
Alabama’s coastal water resulted m the expendi-
ture of an estimated $4,953,000 (Wade 1977}, Ap-
proximately 73% of the trips occurred within the
inshore waters of Mobile and Baldwin Counties.
Major inshore sportfish species include spotted and
sand seatrouts, red drum, Atlantic croaker, and
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striped mullet. ‘
p;\ 1964 sportfishing survey of the Mobile Delta

by Swingle et al. {1966) showed that extensive
sport fishing effort was placed on the lower section
of the deita, Boat fishermen accounted for 68% of
the fishing effort, bank fishermen represented 30%;
and wading fishermen 2%. Dominant freshwater
sportfish caught in the Mobile Delta Jr{cluded blue-
gill (Lepamis macrochirus), redear sunfish '(Lepom:s
microlophus) and largemouth bass (Micropterus
salmoides). The most commonly caught saltwater
species included spotted seatrout and muilet. A
recent sport fishing survey of the Delta area has
not been performed. However, fishing activity en
the Delta has undoubtedly increased since 1964.
Recent observations of fishermen along Battleship
Cawseway indicate the area is heavily fished and
ihe species most frequently caught are apparently
the same as in 1964,

Recreational shrimping is popular among Mobile
and Baldwin County residents. In 1972, Swingle et
al. (1976) determined that 30% of the people who
owned hoats less than 8 m {26 fee1) long owned a
5.m {16-foat) shrimp trawl. During 1972, 1973,
andd 1974 the harvest by recreational fishermen was
estimated to be between 15 and 25 percent of Ala-
Ixema’s teta inshare catch of shnmp. Recreational
trawling iy generally well distributed throughout
the Bay during the peak of the scason, but is con-

centrated in the lower Bay during the spring months

and in the upper Bay during the winter months,
Estimates of annuad monetary outlays ol sports-
moen [or equipment, supplics, lodging, cte. have been
phaced as high as 1 hillion dollars for the Mobile/
Baldwin County arca.

Some of the wildlile resources oceurrmg in the
constad wethnds ol Alabama and the Mohbile Bay
wrea wwclude: raccoon (Procyvan lotor), nuatria
(Myocastor covpus), rice rat (Oryzomys palustriy),
marsh rabbit {Syfvifugus palusivs), white pelican
ifelecanus ervthrorhynchus),  the  endungered
brown pelican (P, occrdentalis), and various species
ol wading birds and sea birds. Also found within
the project area are several species of reptiles and
anphiblins.

The coastal waters of Alabama, especially the
Maobile Delia, provide habitat for wintering watcr-
fowl. The most commonly occurnng ducks include
nuallard (ofnas platyriynchos), gadwall (Anas stre-
pora), pintail (Anas acuta), green-winged teal {Anas
crecea), American wigeon (Anas americana), can-
csback (Axthya valismena) and lesser scaup {Ay-
theve affinis). Wintering populations are generally
aoind 15.000 birds. Coots (Fulica americana) atso
Ip'uvily utilize the delta, with wintering popula-
tons around 30,000 birds (Beshears 1979 personal

commun.). In 1975, over 1,800 migratory %Jird
stamps were sold in Mobile and Baldwin Counites,

HISTORICAL

Since colonial time, Mobile Bay and the port at
Mobile have played important roles in the develop-
ment of the state of Alabama and have figured pro-
minently in the history of the United States. His-
toric records of Mobite Bay occurred from the
carly 16th century on charts of navigators who_
entered the Gulf of Mexico (U.8. Army Corps of
Engineers 1977). From its founding by Bienville in
1702 until Alabama entcred the Union in 1819
Mobile was under the rule of France, England and
Spain. During the War Between the States the
strategic locations of Fort Gaines and Fort Morgan
at the entrance to Mobile Bay and mines placed in
the Bay prevented Union ships from entering the
Bay and capturing Mobile until Aprl 1865, after
four years of siege (Delaney 1953).

From its beginning Mobile has served as an im-
portant port becausc of the safe harbor provided
by Mobile Bay and the major river system that con-
nects the port with the interior of the state. This
connection with the interior caused the port to
flourish during the era when cotton was *king,”
and in the 1850°s, the Port of Mobile was the second
ranking cotton port in the World {Delaney 1953},
‘Today it ranks as third largest port on the Gulf
Coast and in 1977, 35 million tans of cargo passed
through the port.

In order to accommodate growth of the port
and increases in the size of ships, the Mobile Estu-
ary has been meodified continually since the first
Federal improvement of the harbor was authorized
in 1826 (Weber 1968). Since that time the harbor
channels have been repeatedly enlarged and ex-
tended. The total length of the ship channels in
Mobile Bay is currently over 60 kilometers (40 mi).
The channel through the bar at the mouih of
Mobile Bay is 12.8 meters (42 fi} deep and 183
mcters (600 ft) wide, and through the Bay to the
mouth of Mobile River it is 12.2 meters {40 ft)
deep and 122 meters (400 ft) wide. In addition to
the major ship channels, small-craft harbors and en-
trance channels have been developed at six loca-
tions since 1925, Maintenance of the ship channel
has required dredging about every two years while
the smaller channels arc dredged every 3-5 years.
From 1960 to 1970 the average annual dredge
spoil from the Port of Mobile has been 5 million
m* (7 mil yd?).

The Mobile Estuary Symposium was planned in
order to bring together the physical/biological in-



formation that may affect the fish and wildlife re-
sources of this area. The data obtained from this
state-of-the-knowledge review were then used to
formulate management aliernatives, where possible,
and to identify critical data gaps. Listing of data
gaps may result in funding of key studies to gather
information useful for scientific management of
these natural resources.
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SEDIMENTATION IN MOBILE BAY

George M. Lamb
Department of Geology
University of South Afsbama
Mobile, Alabama 36688

ABSTRACT

Mobile Bay is the discharge point for a very
large river system. The Bay was formed as the last
of the Wisconsinan ice sheets melted and sea level
rose and covered the flood plain of the ancestral
river. Since that time, the Bay has been filling
with sediments from a variety of terranes, although
the rate of sedimentation has diminished through
time.

Although there has been an acceleration in the
rate that data on the various aspects of the Bay
are accumulating, there is still a dearth of knowl-
edge. Circulation within the Bay is of basic 1m-
portance to many studies, but is very incompletely
known, because of the complex variables involved.
The relationship between circulation and sediment
distribution is direct, so that as new data are col-
lected from one study, they are applicable to the
other,

Sediments within the Bay range from clean
sands to relatively pure clays, with various admix-
tures of sand, silt and clay covering much of the
area. The distribution of these sediments is an in-
dication of the average pattern of circulation, and
may provide valuable information about changes
with time.

Modemn methods of studying sediment dispersal
rely more and more heavily upon remate sensing.
This tool has not vet been thoroughly utilized in
the study of sediments in Mobile Bay.

GENERAL SETTING

Mobile Bay constitutes the primary depositional
basin for the sixth largest river system in the United
States. The rivers that discharge into the Bay drain
a watershed area of more than 111,370 km?
(43,000 square miles}) which includes more than
two-thirds of the state of Alabama, and portions of
neighboring Georgia and Mississippi. U.S. Army

Corps of Engineers data from the gauging station

on the Mobile River at Mount Vernon show a mean
discharge of 16,990 m® (60,000 cubic feet) per
second for the 25 years from 1940 through 1964.
This ranks the contributary river system as the

fourth largest in the United States in terms of dis-
charge. This flow is exceeded only by the Missis-
sippi, Columbia and Yukon. Unlike these other
rivers, however, this large volume of water is
funneled into a relatively small estuary, Mobile
Bay, creating a unique site for the study of the in-
teractions of a fluvial-estuarine system.

The rivers draining into Mobile Bay flow
through a variety of terrain and rock types (Fig. 1).
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PRINCIPAL AIVER SYSTEMS THAIMING
INTS MOBILE BAY

Figurc 1. Principal River Systems Draining into Mobile Bay,
Showing the Three Terrains in the Dvainage Basin: (1) Pied-
mont, with igneous and metamorphic rocks; (2) Plateau and
Valley & Ridge, with consolidated Paleozoic scdimentary
rocks; and (3) Coastal Plain with Cretaccous and Cenozoic
sedimentary rocks and waconsolidated sediments.

On the west, thc Tombigbee flows through the
sediments and sedimentary rocks of the Coastal
Plain, following the outcrop of the Selma Group
marls and chalks for much of its length. The prin-
ciple tributary of the Tombigbee, the Black War-
rior River, flows out the plateau area, generally
through the Paleozoic sandstones and shales that
make up the plateaus. The Alabama River is formed
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on the Coastal Plain by the confluence the Coosa
and the Tallapoosa rivers, both of which have their
headwaters in northwestern Georgia. The Coosa
drains the area of the folded Appalachians, flowing
largely down limestone valleys, between sandstone
ridges. The Tallapoosa River drainage is largely in
the older mectamorphic and igneous rocks of the
Piedmont, and brings a {ar diflerent suite of heavy
minerals into the Mobile basin,

The heavy mineral suite of the sediments in the
Alabama River consists Jargely of four minerals:
hornblende, ilmenite, garnet and kyanite, in order
of abundance, This is in some contrast to the heavy
mineral suite of the Tombigbee sediments, which
consists of ilmenite, kyanite, staurolite and leuxo-
cene, Possibly a more detailed study of the heavy
mincral suites of these principal rivers, and the
changes in heavy mincral percentages in the Bay
sediments, us seen with depth, could afford some
idea of the history of the drainage into Mobile
Bay. Certainly there have heen profound changes
in the depositiond regime during the past few
thousand years, and even within the Just century.,

The longer term changes reflect the mcliing
of the Wisconsin ice sheet, and the rige n sea level

that accompanicd that melting. Mohile Bay itsell
wias tormed as sea level rose and covered the {lood
plain of the ancestral Mobile River. Carlston {1950,
1. 1128) points out that, “Opposite the month of
the Bay and the western tip of Mohile Point is g
submerged arcuate delie, which has a base about
ten miles wide and extends (our miles out into
the Gulf. Becanse the top ol this submerged delta
s also about ten to eleven Teet below mean Jow
watter, it s evident that it is a delta of the Mobile
River and ol the sume age as the submerged valley
ol the river,

These features indicate thuat the most recent
event in the Pleistocene history of coastal Alabama
wus the submergence up to the present sea level of
« viver valley and delta formed during post-Wiscon.
sin time, This recent rise in sca level was ten (o
cleven leet.” This eleven-foot rise, used by Carlston,
15 only the Litest in a whole series of Post-Wisconsin
sea Jevel rises. Poag (1973) reviews the data for late
Quaternary sea levels in the Gulf of Mexico. He
also points out that the present knowledge of these
tluctuations is considered madequate,

The sedimentation which formed the present-
dav Mobile delta accompanied this rise in sea level,
and represents the infilling of 4 much longer bay
thar extended essentially 1o the present location
of Mt. Vemon, Alabama, This infilling of the Bay
Is proceeding still but probably at a greatly reduced

rate. The rate would gradually begin to decrease as
S¢a level rose, and the original Bay began to fill.

Two sets of events brought about by human activity
in much more recent time have had a profound ef-
{ect on bay sedimentation.

The first of the human factors was the intro-
duction of agriculiure on a large scale by Furopcan
settlers. As they cleared away the forest and plowed
the land, there wag undoubtedly a marked increase
in the runoff and erosion rates, and consequently
in the amount of sediment being supplied 1o the
Bay. However, in the present century there has
been a trend toward less extensive {arming, with
much more 6f the lund being in forests and pastwre
throughout the drainage basin., Although there are
not the dats 1o prove a reduction in the rate of
sedimentation, it is logical to conclude that such a
reduction has taken place.

An even more complete reduction in the
amount of sediment being carried by the rivers has
been brought about by the construction of dams
along all of the major streams of the Mobile River
system. There are over twenty dams on these
streams now, with maore planned. Each of these
dams acts as a sediment trap. Since the southern-
most of these dams are at Claiborne on the Alubama
River, und Colfceville on the Tombigbee, the aren
still actively supplying sediment to Mobile Bay has
been reduced to 4 minute fraction of the drainage
hasin. '

Other human activity, such as dredging and
filling within the Bay has tended to rewrmange the
sediment distributjon, and drastically afleets some
local areus of the Bay, but docs not greatly change
the overall sediment budget.

SEDIMENTATION

Previous Work

Before 1969, Jivde had been published on the
sediments of Mobile Bay. Certainly there had been
no comprehensive study, In 1969, John Ryan pub-
lished a paper entitled A Sedimentologic Study
ol Mobile Bay, Alabama,”" in which he summarized
the results of the most extensive and comprehen.
sive study yet undertaken in the Bay itself. Tle
took a total of 310 grab samples, using the upper
58 c¢m (2 0r3 inches) of sediment to produce the
data and maps illustrating the distribution of sed;.
ments within the Bay and surrounding areas. Since
that time, other studics have produced additiona]
data on scdiment transportation and deposition
within the Bay, The most complete of these is en.
titled, “Shereline and Bathymetric Changes in the
Coastal Area of Alahama: A Remote-Sensing Ap.-
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proach,” and was prepared by the Geological
Survey of Alabama for the Alabama Development
Office and the Alabama Coastal Area Board. Cer-
tainly, within the last decade more has been written
concerning Mobile Bay, from the sedimentologic
standpoint, than had been written in all previous
times, and studies are continuing at an ever-increas-
ing rate. The acceleration of interest has accom-
panied the growth in awareness of the value of the
estuarine environment, and the understanding of
the necessity of managing that environment for the
greatest public benefit.

Studies of other factors closely related to sedi-
mentation, such as circulation within the Bay, have
also been undertaken at an accelerated rate, and
will be invaluable to a more complete understand-
ing of the ever-changing sedimentologic environ-
ment,

Circulation

The water currents that produce the citculation
within the Bay are directly related to the sediment
distribution. The direction and velocity of the cur-
rents determine the areas that are eroded, the
transportation of the various sizes of sediment, and
the sites of deposition of the various sizes and types
of sediment. If the circulation were simple, then
the distribution of the sediment could not only be
easily understood, but could be predicted. How-
ever, the circulation patterns within the Bay are
not simple, and while there are general circulation
patterns, the details are most complex. There are
several variables that affect the circulation, and
these variables have wide ranges, in some cases al-
most infinitely wide ranges. Austin (1953, p. 35)
surnmed this up nicely in his study of the circulation
of Mobile Bay. “The circulation of any water body
is probably the most important feature in the ex-
planation of mixing and flushing for that water
mass. At the same time it is certainly the most dif-
ficult feature to explain satisfactorily for any water
body, partially enclosed in an irregular basin and
complicated by many various and sundry natural
effects. River flow, tides, wind, topography, den-
sity differences, evaporation, depth, bottom rough-
ness, internal waves, and surges are but a few of the
variables entering into the explanation of the cir-
culation in an estuary.”

Lawing et al. {1975} pointed out that *“‘the sur-
face water in Mobile Bay exhibits a net counter-
clockwise movement due to the interaction of the
flood tides entering the Bay from Mississippi Sound
and the Gulf of Mexico with the freshwater inflow
entering from the Mobile River system. These con-

ditions combined with the natural Coriolis effects,
which influence currents in large estuaries, accentu-
ate the movement of water flowing down the Bay
in the direction of and along the western shore,
where it returns to the Gulf and Mississippi Sound.”
Hill and April (1974) showed somewhat different
results from their study of a hydrodynamic and
salinity modei for Mobile Bay. Their model, quite
naturally, was somewhat idealized, and while it
presents the general flow characteristics, did not
show the almost infinite vanations that are pos-
sible. Certainly the simplified flow that their
model showed does not fit the pattern of sediment
distribution shown by Ryan {1969, Fig. 17, p. 82).

Austin (1953) showed a much more complicated
flow pattern, especially with the flood tide (Fig.

STREAMLINES DF VELDCITY
FLOOD TIDE SURFACE CURRENTS
(After Austin, 1933)

0 0
ey Km

[¢] & milse
[ N T T

Figure 2. Strcamlines of Velocity —Flood Tide Surface Cur-
rents. As shown by Austin (1953} for tides in October,

1952,

that he showed in this circulation pattern more
closely correspond to the sediment distributlio.n.
Although Austin did show some of the complexities
of the circulation, he realized that his study was
only a beginning. In the first place, the study was




conducted during a time of abnormally low stream
flow (Austin, 1953, p. 14), and secondly, the short
time period of the study produced only meager
data (Austin, 1953, p. 49}, To get a realistic picture
of the circulation would take a study over many
years, with both normal and abnormal weather
conditions, and through all of the changing seasons.

As previously mentijoned, studies of the circula-
tion within the Bay are continuing. Hill and April,
the Corps of Engineers and the personnel of the
Dauphin Island Sea Lab are currently working on
various aspects of the circulation patterns, and a
great deal of data have been collected that are not
yet generally available,

Sediment Distribution

Sediments in Mobile Bay include all sizes of
clastic material from relatively clean sand to rela-
tively pure clay, plus various admixtures of sand,
silt and clay. This distribution, as mapped by Ryan
(1969, p. 82), is shown in Figure 3. In this figure

SEDIMENT OCISTRIBUTION IN MOBILE BAY
{AFTER RYAN, 1969

o 6 miles
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Figure 3. Sediment Distribution in Mobile Bay, Modified
from a Map by Ryan (1969).
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the admixtures are shown generally with silty sand
being shown as more sand and less silt, etc. The
sand in the upper reaches of the Bay, and around
the periphery, is indicative of the relatively strong
currents and shallow waters in those areas. The
large areas of clay deposition show low encrgy
areas, and would generally confirm the presence of
eddy currents that cause these areas to be bypassed
by the general sediment flow, The areas of mixed
sediment sizes are taken to be areas in which the
currents are variable, with the coarser sediment
admixtures indicating stronger currents in those
portions of the Bay. Since the circulation within
the Bay is so variable, and the sediment distribu-
tion directly dependent upon the circulation, the
sediment distribution will give a more complete
picture of the average circulation over long periods
than any other method of short-term sampling. It
would not, of course, illustrate the range of varia-
tions, or deviation from the average. Preliminary
data, from samples collected in May 1979 (Isphord-
ing and Lamb, unpublished data) indicate a sig-
nificantly larger percentage of clay than Ryan
(1969) reported. As this difference became ap-
parent, core samples were taken to ascertain the
possiblity of this reflecting a change in sedimenta-
tion over the intervening years, When samples from
the top and bottom of a 0.5 meter core showed no
change in grain size, another explanation was
sought. At this time, the most plausible is that the
difference reflects the different techniques used.
Ryan (1969, p. 42} used Coulter Counter analysis
for the finer sediments. As pointed out by Behrens
(1978, p. 1215}, “pipette mcans arc finer than
Coulter Counter means, and the finer the size, the
greater the difference.” It is predicted that the
areas shown as clay will be expanded on fature
maps.

The pattern of sediment distribution, shown in
Figure 3, closely parallels the pattern of distribu-
tion of the benthic molluscs as shown by Chermock
et al. (1974, p. 109). Here, as in the sediment dis-
tribution map, there is a strong NE-SW trend across
the middle of the Bay, reinforcing the evidence for
a counterclockwise eddy flow in the lower part of
the Bay.

Both Ryan (1969) and Hardin et al. (1975)
presented bathymetric evidence which shows that
the rate of sediment accumulation in the Bay is
averaging approximately 0.5 meters (1.6 feet) per
century, Hardin et al. divided the Bay into an

upper and lower portion and showed that the rate

of sediment accumulation in the two areas was dif-
ferent. They cite the rate of filling for the upper
Bay as being 0.58 meters (1.9 feet)/100 years be-
tween 1852 and 1920, and showed that this rate




has decrcased to 0.30 meters (1 foot)/100 years
between 1920 and 1973. In the lower Bay the
rate of filling was 0.41 meters (1.3 feet)/100 years
in the period from 1852 to 1920, and increased to
0.71 meters (2.3 feet)/100 years in the period from
1920 to 1973. The change may have resulted from
diminished amounts of sediment being brought
into the upper bay from the rivers, and some of the
upper Bay sediment being redistributed by currents,
and finally deposited in the lower Bay area,

With the development of more sophisticated re-
mote sensing techniques, their use in studying the
circulation and sedimentation within the Bay
looms as a distinct possibility for future studies.
Atwell and Thomann (1973) collected data that
allowed a comparison of remote and conventional
measurements of temperature, salinity and chloro-
phyll content of the water of Mississippi Sound.
Although the agreement was not perfect, their
analysis indicated that such measurements by
remote-sensing methods are a real possibility,
Moore (1978) discussed some of the problems in
satellite surveillance of water bodies and the use

of turbidity as an index of stream flow and other
currents in circulation and sedimentation. Coker
et al. (1978) offered the possibility of the use of
multispectral imagery in measuring the amount
and type of material in suspension in turbid
waters.

The Landsat-1 imagery used by Hardin et al.
(1975, p. 138-148) pointed out a major problem
in the use of remote sensing techniques. No two
of the eleven photographs that were used showed
the same pattern of currents and suspended sedi-
ment. Vast amounts of data would have to be
taken from the interpretation and sediment move-
ment. As an example, Figure 4 shows a large
amount of sediment in suspension in the lower
portion of the Bay, with some sediment moving
south from the northeast and northwest quadrants
of the Bay. Figure 5 is a computer-enhanced density
slice of the same image, which divides the image
into eight classes of tonal quality, facilitating a
more quantitative interpretation. These images
represent the conditions in the Bay only at the
time they were taken. Later in the same day, con-

Figure 4. Landsat 1 Photograph, Enhanced to Show Color
Contrast in Suspended Sediment in Mobile Bay, 17 Novem-
ber 1973,
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Figure 5. Computer Enhancement, Density Slice of the
Same Landsat I Photograph Used in Figure 4,

ditions of wind, tide, river flow, etc., would pre-
sent a completely different situation, The number
of images, and the data to be taken therefrom
would be prohibitively large at the current level of
technology and knowledge. The possibilities for
the use of more remote sensing in the future are
real, however,

SUMMARY AND CONCLUSIONS

Ryan (1969) presented the first comprehensive
map of sediment distribution in Mobile Bay. There
are currently few additional data to show whether
this has changed within the last decade. Such a
study would be useful in providing data for an
understanding of the dynamics of the Bay environ-
ment. Studies of circulation and currents within
the Bay are basic to this understanding, and are
presently proceeding at an accelerated pace. As
these data become available, they will supplement
the surface sediment distribution data to show pre-
sent conditions, A study of sediment changes with

depth would be necessary to evaluate changcs
through a longer time period, and such a studY
could be uscd to ascertain the sedlmentologlcal
setting before the advent of man and his various’
influences on inflow into the Bay.

Although there are some data on the geochemis-’
try of the Bay sediments now being collected, most

of the data are confined to rather small areas,

From the standpoint of knowing the fate of some’
of the more exotic chemical clements which are
being introduced into the Bay, a study of the geo-
chemistry of the Bay sediments should be under-
taken. In such a study, the affinity of these exotic
elements for various types and sizes of sediments
should be examined in detail, and changes in the
abundance of such material at depth within a core
sample would give a historical background to build
upon.
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MINERALOGY AND CHEMISTRY OF MOBILE BAY SEDIMENTS

Wayne C. Isphording, Department of Geology-Geography,
University of South Alabama, Mobile, Alabama 36688

and

Robert F. Elliot, Jr., Texas Instruments Corp., Dallas, Texas 75222

ABSTRACT

Samples from 10 bottom cores obtained in the
southwestern area of Mobile Bay were analyzed for
particle size distribution, clay mineralogy, and
major clement and trace element chemistry. Pearson
correlation coefficients were calculated to deter-
mine the degree of apparent inter-relationship be-
tween each of the mineralogical and textural vari-
ables versus the individual chemical elements, Mul-
tiple regression analysis was also used to calculate
partial regression coefficients for the purpase of
deriving equations that can be used to predict trace
metal abundances using only textural and mincral-
ogical data. Four successful equations resulted that
permitted prediction of copper, lead, vanadium,
and zinc in the bottom sediments of the study area.

INTRODUCTION

Mobile Bay is the primary depositional basin
for the sixth largest river system in the United
States. The rivers that discharge into the Bay drain
a watershed of more than 110,000 km? (43,000
square miles), which includes over two-thirds of
the State of Alabama, and portions of neighboring
Georgia and Mississippi, as well. The mean discharge
of some 2,000 m?/sec (72,000 cubic feet/second)
(Crance 1971) ranks the contributary river system
as the fourth largest in the United States, in terms
of discharge, exceeded only by the Mississippi,
Columbia, and Yukon (Ryan 1969). Unlike these
other nver systems, however, this Jarge volume of
water is funneled into a relatively small estuary
(Mobile Bay) where it annually contributes in ex-
cess of 7,250,000 mt (8,000,000 short ions) of
suspended sediment to the Bay,

In spite of the Bay’s uniquc setting, relatively
little work has yet been carried out to define the
mineralogy of the bottom scdiments and to inte-
grate this information with the mineral chemistry
of these sediments. Previous investigations have
been directed either toward textural and minera-
logical studies of the sediments {Ryan 1969) or
have involved trace metal studies of the water or
sediments themselves (Brannon et al. 1977, May
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1973). The purpose of this study was, therefore,
to collect data on the texture, mineralogy, major
element chemistry and trace element chemistry of
Bay sediments and to determine the degree of
mter-relationship among these variables,

LABORATORY ANALYSIS

A senies of 10 box core samples was acquired
from an area in the southwestern portion of the
Bay (Figure 1} and returned to the lab where sieve
and hydrometer analyses were carricd out 1o deter-
minc the size frequency distribution. The actual
sample locations were centered about the present
Mobil Oil Corporation test well, with two one-
guarter m box cores collected at each of five sites.
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Figurc 1. Map of Mobile Bay, Alabama Showing Location
of Study Arca.



Samples one and two were collected 300 m (1,640
fect) northeast of the drill site, samples three and
four, 500 m due north of the site, samples five and
six, 1,500 m {4,920 feet) due north of the site,
samples seven and eight, 1,500 m northwest of the
drilt site, and samples nine and ten, 1,500 m south-
cast of the test well. Xeray diffraction analyses
were run on the clay-size fraction (less than 4 mi-
cron) using & Philips X-ray Diffraction System
equipped with nickel-filtered, copper k-alpha radia-
tion. Estimates of mineral percentages were based
on the “half height”” peaks of cach of the constit-
uents corrected using a “‘mica [actor' procedure
developed by Lodding (unpublished, Rutgers Uni.
versity). The accuracy of this techmque has been
extensively tested by internal standard calibration
curves and shown to yield a precision of, plus or
minus, 10%, Whaole rack (ie., complete digestion)
chemical analyses were carricd out on the clay-size
fraction by fusing cach sample with lithtum retra.
borate and then analyzing for specific elements
using a Perkin-Flmer, Model 460, Atomic Absorp-
tion Spectrophatometer, Analyses for the individ-
nal clements were based on standard  Atomic
Absorption procedures recommended by the in-
strument manafacturer. A baseline for cach cle-
ment was obtained by zeroing the instrument with
a blank which was prepared by dissolving Hihiwm
tetriuborate in distilled and deionized water, A min-
imum ol ) readings was obtained tor each cle-

ment and the average of these was used in caleulat-
ing the elementaf ubundance,

RESULTS OF ANALYSES

Representative size frequency gradation curves
for samples used i this study are shown on Figure
2 and reflect the variability of sediment textures
found m the Bay, Textures range from almost
wholly sand-sized material down through line, silty
clays, and the texture of any one sample 15 largely
a function of where in the Bay sampling was per-
formed. Though Ryan’s (1969} map shows sceveral
large arcas for which the bottom sediments are
designated “clay™ and “siliy clay,”” detatled ex-
amination of his raw data revealed that the sedi-
ment textures within these areas were far from
homogencous. Some idea of the overall textural
variation observed within the Bay may be seen on
the ternary diagram (Figure 3}, which shows the
sand, silt, and clay percentages plotted for the 2156
Bay samples that were used in Ryan's study. It is
interesting to note that from a statistical stand-
point, and assuming that all the samples were col-
lected using a randomized sampling procedure, the
variability observed in the mean diamcter of the
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Figure 2, Cumulative Frequency (gradation) Curves of Bottom Sediments Collected in Study Area,
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Figure 3. Sand-Silt-Clay Ratios of 215 Bottom Sediments from Mohile Bay {data from Ryan, 1969).

215 samples suggests that approximately 450
samples would be necessary to allow the mean dia-
meter of any one sample collected in the Bay to be
estimated to an accuracy of, plus or minus, one-
half phi unit. Because less than half this number
were used in Ryan's study, care should be used in
the interpretation of his map and in drawing con-
clusions about sediment trends from the map.

Though no tendencies were observed for any
specific clay minerals to be associated with samples
containing different percentages of clay-, silt-, or
sand-sized material, there was an expected strong
tendency for certain metals to be found with
samples having a greater percentage of fine silt and
clay. The significance of this will be discussed in a
later section of this paper.
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Clay Mineral Analysis

The 10 samples were prepared for X-ray dif-
fraction analysis by sedimenting approximately 30
mg of clay-sized material on glass slides so as to
produce a thickness of between 0.07 and .12 mm.
This thickness has been found to produce mini-
mum background by X-ray scattering and to yicld
optimum diffraction pattems (Carroll 1969). Ad-
ditional slides were also prepared so that the effects
of heating and glycolation on the clay mineral
species could be observed.

The analyses revealed that the bottom sedi-
ments are relatively homogeneous throughout the
study area, with respect to mineral composition,
and consist, almost wholly, of montmorillonite,
kaolinite, and clay mica (illite). Though illite was



eported by Ryan (1969) as present in the Bay
ediments only in low concentrations, the mineral
vas found in each of our 10 samples in amounts
:xceeding 8% (Table 1). Other samples analyzed by
he authors, but not used in this study, indicated
‘hat the mineral may make up as much as 25% of
the clay mineral fraction. Halite and quartz were
also observed in some samples as were also trace
amounts of mixed layer clays.

The importance of the clay-sized fraction and
the individual clay mincral species, themselves, lies
in the fact that, with minor exception, these are
the “sumps” that concentrate and remove many
trace metals from solution. Most clay minerals
have a crystal lattice consisting of repeating units
of cither two-layer or threelayer sheets (Grim
1953). Kaolinite is a twolayer clay and is made
up of one sheet of silicon atoms tetrahedrally co-
ordinated with oxygen (the “‘tetrahedral layer™),
which is combined with a second sheet in which
aluminum is octahedrally coordinated with both
oxygen and hydroxylions (the “octahedral layer™).
Hydrogen bonds and residual Van der Waals bonds
between these repeating two-layer units hold the
adjucent two-layer groups together and form a
lattice characterized by a minimum of atomic
substitution and, consequently, low cation ex-
change capacity of approximately 3 to 15 meq/
100 ¢ Montmorillonite and clay mica (illite}, in
cantrast, are three-dayer clays having two tetrahedral
layers sandwiched about one octahedyal sheet, In
both of these minerals, some of the silicon atoms
in the tetrahedral fayer are replaced by aluminum
and, similarly, aluminum in the octahedral layer
can be replaced by @ number of different ions,
such as dron, zine, nickel, lithium, magnesium, etc.

As a consequence of this substitation, the chemi-
cal neutrality of montmorillonite is disrupted,
resulting in unbalanced charges on the three-layer
sheet that are, in part, balunced off Ly the acquisi-
tion of ions such as calcium and sodium in inter-
layer exchangeable ion sites. This provides mont-
merillonite with an cxtremely high cation exchange
potential and values of 80 to 150 meq/100 g are
commonly reported. Somewhat less substitution
takes place in the octahedral and tetrahedral sites
in the clay mica (illite) lattice and this, coupled
with the stronger honding of adjacent threc-layer
groups resulting from interdayer potassium ions,
forms a lattice that lacks the high cation exchange
of montmorillonite. Values of approximately 10
to 40 meq/100 g arc usually observed (Millot
1970). The range of cation cxchange capacities
{c.e.c.) from 40,7 10 49.8 obtained by Brannon et
al. (1977) foreight Mobile Bay clay samples would,
itself, suggest that the Bay sediments are domin-
ated by montmorillonite, but with other clay spe-
cies of lower exchange capacity also present. This
conclusion is, therefore, in excellent agreement
with the X-ray diffraction data presented in Table
1.

The combination of exchangeable ion sites,
Iattice defects, and broken-bond sites thus allows
clay minerals to attract a large number of trace
metal species and to remove these from solution.
In addition, many other metals ussociated with the
clay mineral fraction either adhere to the surface
of the clay particles in the form of vrgano-metallic
chelated compounds (Knezevic and Chen 1977) or
are trapped at the time of deposition in pore waters
between the clay mineral platelets. The environ-
mental importance of metals partitioned in these

Table L. Relative Mincral Percentages [or Mohile Bay Samples as Determined by X-ray Diffraction Analysis [or

Glay sized Fraction {-0.004 mm).

Sample

Number MONTMORILLONITE ILLITE KAOLINITE QUARTZ HALITE

; 56 13 22 1 8

2 3! 13 23 2 5

3 52 10 20 1 17

4 42 8 15 1 34

5% 12 19 1 14

fi 54 14 20 Tr 32

7 43 10 16 1 30

8 40 11 15 1 32

Y 52 9 17 1 21

10 61 12 19 1 8
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various forms lies in the fact that not only do the
clay minerals remove metals from soluticn but, in
many cases, retain these jons in a manner such that
subsequent release back into solution is also pos-
sible {Lee and Plumb 1974, Wakeman 1976, Lu
and Chen 1977). A number of {actors have heen
identified that may trigger such re-mobilization of
the trace metals. Among these are dredging opera-
tions, which cause rclease by disruption of Eh
(oxidation-reduction conditions}, burial of the sed-
iments, which squeezes out the pore waters, and a
number of forms of biclogical activity. Thus, de-
tailed environmental studies should contain in-
formation not only on the metal content of the
water column, but also on those mctals present in
the form of adsorbed ions on clay mineral platelets,
in exchangeable ion sites in the clays and as struc-
turally coordinated ions within the clay mineral
lattice itself (Brannon et al, 1977),

Chemical Analyses

A summary of the major element chemistry for
the samples analyzed in this study is shown in
Table 2. The abundances of the major ¢lements,
expressed as oxidcs, are consistent with the minerals
observed on the X.ray diffractograms, except that
no minerals were present that would account for
the *‘excess’’ iron and titanium found. To account
for these, the oxide analyses werc submitted to a
computcrized sedimentary normative mineral

analysis routine (Isphording and Kibler, manu-
script in preparation) which “partitions” the ox-
ides into a series of standard normative minerals
and calculates the percentages of these minerals
that would be consistent with the chemical analyses.
All minerals observed on the diffractograms were
calculated to be present in approximately the
abundances observed but, in addition, two other
minerals, rutile {Ti0, )} and limonite (HFeO, ), not
found on the diffractograms, were also predictec
to be present. Limonite was calculated present in
amounts of approximately 4% and rutile at seme-
what less than 1%. Because X-ray diffraction analy-
sis will generally not detect a mineral whase pre-
sence is less than 1%, neither of these minerals
would be expected to appear on the diffractograms.
Because thc bottom sediments characteristically
display a large negative Eh, the excess iron, rather
than occurring in the form of the oxidized mineral
limonite, probably exists largely in the ferrous
state, either in the form of a fine-grained dissemin-
ated sulfide phase or as a constituent of the mineral
ilmenite (FeTiO, ). The latter is the most abundant
heavy mincral species present in most central Gulf
Coast sediments and frequently makes up 50%, or
more, of the heavy mineral fraction (Isphording
and Flowers 1979). Heavy minerals (*‘black sands"’)
are those minerals present in the sand-sized frac-
tion in trace amounts {usually less thun 1%} whose
specific gravities exceed 2.85. The presence of this
mineral would also account for the ““excess” titan-
ium ebserved in the sample analyses.

Table 2. Major Oxides (%) of Clay-sized Fraction of Mobile Bay Bottom Sediments.

Sample No. 8i0, ALO, Fe O, MgO Ca0 Na,0 Kz() Tio, Hzt}'* H20+‘*
1 50,23 20.55 6.85 1.49 1.08 0.48 1.52 .57 3.78 12.95
2 48.15 22.52 6.99 1.50 0.72 0.41 1.46 0.45 4.01 12.40
3 50.68 21,65 6.81 1.49 1.14 0.50 1.48 0.47 5.14 12.28
4 52.92 19.32 6.75 1.50 1.44 0.47 1.46 0.45 3.86 1i.88
B 47.51 21.28 6.55 1.52 0.48 0.46 1.42 0.42 5.16 12.15
6 4592 20.43 7.21 1.49 6.54 .44 1.46 0.45 5.15 11.72
7 46.20 22.19 7.59 1.53 .60 0.38 1.39 0.4% 5.69 12.20
B 48.00 20.01 1.32 1.52 0.60 0.56 1.42 0.44 4.56 11.61
9 46.96 17.70 7.12 1,52 1.26 0.82 1.38 0.50 428 12.31

10 4925 18.42 7.59 1.41 1.26 0.55 1.37 0.50 3.25 12.08

* L.0.1 {Loss on ignition) @ 100°C (1 hour)
**[,0.1. @ 1,060°C {1 hour)
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Trace elements in the clay-sized fraction (Table
3) were found in similar abundances as those re-
ported in other studies dealing with Mobile Bay.
Zinc was present in amounts averaging 101 ppm
whereas samples collected near our sites by May
(1973) were reported to contain 92 ppm. Similarly,
manganese averaged 786 ppm in our 10 samples,
whereas Brannon et al. (1977) reported an average
of 837 ppm for surface samples collected in the
Arlington Ship Channel in northern Mobile Bay.
Chromium values in our 10 samples appear to be
anomalously high, however, at 250 ppm when
compared with the 50 ppm figure reported by May
{1973). The most likely explanatior for our higher
values is that: (1) May’s analyses were for the totat
sample (sand, silt, and clay fractions), whereas our
values are for the clay-sized fraction only and (2)
chromium, similar to a number of other heavy
metals, has a greater affinity for the clay-sized frac-
tion of sediments where it occurs in the octahedral
sites in various clay mineral species and attached to
the surface of the clay platelets as organo-metallic
chelated compounds. The same argument would
also cxplain the higher values of copper observed in
our samples,

STATISTICAL ANALYSIS

Pearson correlation coefficients were calculated
for cach of the trace metals versus the percentages

of the various clay mineral species present, the
gravel, sand, silt, clay abundances, the median dia-
meter and the organic content of the sediments
(Table 4). As expected, strong, positive correlations
were found between the heavy metals Cr, Cu, Pb,
Hg, Ni, Va, and Zn and the percentage of clay in
the samples. This is, in part, due to the ionic sub-
stitution of the metals for magnesium, aluminum,
and silicon in the clay mineral lattices and also re-
sults from the reaction of somc of the metals with
organic material, which is more abundant in fine
grained sediments (Krauskopf 1967). That a sig-
nificant percentage of these metals may be oc-
curring as metallic chelates attached to the clay
platelets is suggested by the lack of strong correla-
tion of these metals with any particular cay
mineral species and their modcrate to sirong cor-
relation with organic content. This supports the
earlier conclusion of Brannon et al. (1977), where,
in a carcful study of the site partitioning of metals
m bottom sediments {rom northern Mobile Bay,
sizeable percentages of copper (29-42%) and zinc
(38-72%) were identifiecd as occurring as or-
ganically-bound phases,

The lack of strong correlation of Ti, Mn, Ba,
and Sr with the clevated clay contents can be
explained by the fact that titanium is not a com-
mon constituent in clay minerals and is more likely
to be found in the form of an oxide mineral such
as rutile, ilmenite, or leucoxene, occurring in the
sand fraction. Manganese, similarly, occurs in the

Table 3. Trace Elements (ppm) of Claysized Fraction of Mohile Bay Bottom Sediments.

Sample No, Mn Cu Ba* Zn Ph* Hg* Ni* Se* Cr Ve
| 768 95 6 110 15 .24 3 69 289 25
2 590 115 6 85 12 27 5 43 300 26
3 694 135 5 85 8 11 5 26 264 19
+ 752 a5 7{120 80 7111 194,26 4/14 28 281 12/12
5 519 70 12 10 15 .19 g 55 215 55
6 529 70 10 110 14 .23 7 64 260 64
7 564 70 10 30 16 .25 [ 23 265 23
8 715 105 ) 75 18 .28 7 26 240 26
9 1210 75 10 250 20 47 7 35 230 39

10 1522 80 16 60 19 .27 8 39 160 35

*Pariial extraction analyses carried out on entire sand-silt-clay sample.

Values shown after / represent amounts determined for complete dissolution of sample
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Tahle 4. Pearson Cormelation Coefficients for All Trace Elements Versus Percentage of Major Clay Minerals, Percentage of
Organics, Sand, Silt, and Clay and Median Diameter of Bottom Samples from Mobile Bay.

ILLITE KAQLINITE MONTMOR. ORGANICS GRAVEL SAND SILT CLAY DIAMETER

Ti() 0.1596 0.4020 0.4375 0.1625 -0.0765 -0.0520 0.1615 0.0166 -0.1005
MnQ, -0.2275 -0,1282 0.3294 0.6771 -0.042% -0.4073 0.5214 0.3879 -0.0938
Ba 0.1238 -0.2228 0.2883 0.6674 -0.2541 -0.6962 0.7624 0.6379 -0.4541
Cr 0.1391 -0.3349 0.0410 0.4930 -0.5494  -0.9024 0.85334 0.B928 -0.6615
Cu 0.1480 -0.2148 0,1746 0.7327 -0.6437  .0.9704 0.9451 0.9552 -0.7603
Pbh 0.1690 -0,1914 0.1406 0.7516 -0.6786 09765 0.9353  0.9693 -0.8216
Hg 0.0491 -0.040% 0.1674 0.5893 -0.5430 -0.7626 0.778% 0.7421 -0.6984
Ni 0.1691 -0.1989 0.2445 0.5144 -0.5327  -0.7639 0.7728 0.7442 -0.5158
Sr 0.7528 0.6502 0.6228 -0.1020 -0.02870 -0.1618 0.2597 0.1399% -0.4477
v 0.1620 -0.1213 6.2089 0.7021 -0.7316  -0.9420 0.9439 0.9275 -0.8056
Zn 0.2537 -0,2246 0.1213 0.5448 -0.6765  -0.9310 0.8788 0.9312

-0.7508

form of an oxide mineral and, in combination with
barium, may be present as an amorphous equivalent
of the mineral psilomelane, (Ba, H, O)Mn_ 0O, . Its
strong, positive correfation with tzhe organic con-
tent of the sediments, however, suggests that it is
likely occurring in the form of organically-bound,
metallic chelate compounds. The very low correla-
tion of strontium with the clay-sized fraction un-
doubtedly reflects the fact that strontium, when
present, has a strong tendency to substitute for
calcium in the lattice of carbonate minerals. Be-
cause no caleite, aragonite, or other carbonate
phases were observed on the X-ray diffractograms,
and because the strontium shown on Table 4 repre-
sents a partial extraction from the entire sample,
rather than from the clay-sized fraction alone, it is
probable that the strontium reported 1s locked up
in silt and sand-sized shell fragments.

Finally, the strength of interrelationships of
the trace metals versus the texture, clay mineralogy,
and percentage of organics present in the sediments
was tested by multiple regression analysis. Each of
the trace metals was chosen as the dependent vari-
able (Y) and the remaining variables were considered
as independent variables (X,, X, X,, etc.) that
control the magnitude of the dependent variable, A
mathematical analysis of the entire data matrix was
then cartied out in order to solve for the partial re-
gression coefficients (a, a,, a;, etc.) that allow
predicitve equations to be obtained in the form:
Y=aX +a X, +...+a X, Each of the metals

M 2, A
was mdmduaily inscrted as the dependent variable
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to determine if some combination of the mineral
percentages, organic content, and percentages of
gravel, sand, silt, and clay could be used to predict
its abundance in the bottom sediments. A stepwise
regression procedure was used in order to exclude
from the equation any independent variable whose
contribution did not reach a specified significance
level, Of the 11 metals tested by the regression
routine, successful equations resulted for copper,
lead, vanadium, and zinc (Table 5). Each of the
four equations possessed high F values for signifi-
cance, high R? values and a small standard error.
By way of application, the regression equation
would permit the amount of copper (in ppm) to be
determined anywhere within the study area by
simply multiplying the percent sand by its regres-
sion coefficient (-0.115), adding to that the median
diameter of the sample, multiplied by its regression
coefficient (14.349), plus the percentage of kaolin-
ite multiplied by 0.210, and so forth for the re-
maining 5 variables, and then adding the “constant™
term (5.565). The percentages of lead, vanadium,
and zine could be similarly calculated by multiply-
ing the raw data obtained for each of the variables
by their associated partial regression coefficients,
plus the addition of the constant, Because only 10
samples were used in this study and the effect of
possible inter-relationships among the independent
variables was not tested, no functional significance
should be placed on the equations given in Table 5.
The regression analysis does suggest that various
combinations of more easily measured sediment



i i i ici d Variables [ncluded by Stepwise Multipte

i ions Sh Partial Regression Cocfficients an . .

foble®: ::g::i?:: f’:l:::iﬁ Vmowfu are: Percent Organics (Orgs.), Median Diameter (Med. Dia.), Percent
Montmorillonite (Montm.}, Percent Gravet (Pct. Grav.}, Etc.

Y COPPER LEAD

VANADIUM

——

ZINC

—

a -0.115 (Pct, Sand) -0.006 (Pct. Sand) 0.111 (Pet. Silt} -0.297 (Pct. Clay)
a, 14.249 (Med. Dia.} 0.056 (Pct, Orgs.} -1,926 (Pct. Grav.) -2.954 (Pet, Qua.)
a, 0.210 (Pct. Kaol.) -0.111 (Pct. Grav.} -2.274 (Pct. Nlite) -6.785 {Pct. Grav,)
a, -0.182 (Pct. Grav,) -0.728 [Pct. Hlite) 0.345 (Pct. Sand) -179.793 (Med, Bia
a, 0.020 (Pet. Orgs.} 0.693 {Pct. Q1z.) 3.905 (Pct. Ohz.) -1.331 (Pet. Sily

a, -0.140 (Pce. Miite} 9.703 (Med. Dia.) -0.210 (Pct. Orgs.} -0.859 (Pct, Orgs)
a, 0.237 (Pct. Qtz.) 0.534 (Pct. Kzol.) 0.284 (Pct. Montm.) -0.85% {Pc1. Orgs,)
ag 0,286 (Pct. Clay) 0.282 (Pet. Clay) -2.028 (Med. Dia.) 3.530 (Pct. Montm.)
constant 5.565 -5.413 47.288 176.271

St;‘::;rd 0.004 0.116 0.380 0.457

R? 0,999 0.999 0.998 0.998

Tabulated

F Statistic  258-88 238.88 238.88 238.88

{F os,8,1)

Computed

F Btatistic 366,251 1,576 671 1,340

properties may exist that would allow those con-
cerned with the distribution of trace metals in bot-
tom sediments to predict such values without re-
sorting to more expensive chemical analyses,

CONCLUSIONS

Analyses carried out on bottom sediments
from Mobile Bay indicated that the chief clay
mincrals present were mentmorillonite, kaolinite,
and illite. These clays have acted as “traps™ for a
number of trace elements and have incorporated
the metals in inter-layer sites, as organo-metallic
chelated compounds and, by substitution for
magnesium, silicon, and aluminum, in the octahed-
ral and tetrahedral sites in the clay mineral lattices.

Correlation analyses were used to identify
strong apparent relationships between some of the
metals and high clay and organic content of the
sediments {Cr, Cu, Pb, Hg, Ni, Va, and Zn) and 1o
show that others (Ti, Mn, and Sr) appear to have
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greater affinities for the sand fraction. Though a
complete sampling program for the entire Bay
would be necessary to support the conclusion, the
data does strongly suggest that potential sites of
heavy metal contamination and locations where re-
mobilization of heavy metals might occur during
dredging operations can be identified in estuaries
such as Mobile Bay by simple reference to a bot-
tom sediment texture map,

Regression analyses were also carried out on
the data matrix to determine if combinations of
the organic content, percentages of gravel, sand,
silt, and clay and percentages of various clay min-
eral species could be used to estimate concentra-
tions of trace metals in Bay sediments. Though too
few samples were available for rigorous statistical
testing, the analyses did suggest that the hYPOthf"
sis was viable, at least for certain trace metals in
the study area (Cu, Pb, Va, and Zn)
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THE DISSOLVED OXYGEN PUZZLE OF THE MOBILE ESTUARY

William W. Schroader
Marina Science Program
Tha University of Alabama
Dauphin Island Sea Lab
Dauphin Island, Alabama 36528

ABSTRACT

The dissolved oxygen sysiem in the Mohile
Estuary rcmains essentially unknown. Some in-
formation is available on the guantitative annual
cycle and macro-scale distribution patterns during
oxygen depletion periods. Recent unpublished
research has provided the first look at oxygen-
consuming processes. Virtually nothing is known
about oxygen-producing processcs, environmental
factors responsible for the on-set, maintenance and
termination of oxygen depletion periods or meso-
to micro-scale distribution patterns during oxygen
depletion periods,

BACKGROUND

Little specific information is available concern-
ing the dissolved oxygen (DO) system in the Mobile
Estuary (Fig, 1). The small amount of historical
data {pre-1970) that can be found in the literature
{Loesch, 1960 and Bault 1972) were collected so
randomly, either spatially or temporally, that they
are of minimal value. Results presented by May
{1973) consisted of one figure generalizing the dis-
tribution pattern of the lowest DO observations
made over the period June through September,
1971. Unfortunately, no ficld data were presented
in May's paper nor was there any reference made
to where the data may be archived.

There are three sources of contemporary data
that can serve as a first step in understanding parts
of the dissolved oxygen system. They are: (1) the
reports associated with the 208 wastewater man-
agement plan study carried out by the South Ala-
bama Regional Planning Commission (1977); (2)
the Physical Environmental Atlas of Coastal
Alabama (Schroeder 1976 and 1977); and (3} the
final report of the U,S, Army Corps of Engineers
sponsored “Theodore Ship Channel Project - Base-
line Data Collection’ (U.S. Army Corps of Engi-
neers 1979). Drawing primarily from the latter
two sources an attempt 35 made herein to define
what is known about the DO system in the Mobile

Estuary,
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Figure 1.  The Mobile Estuary

WHAT WE KNOW SOMETHING ABOUT

Quantitative Annual Cycle

Dissolved oxygen data from East Main Pass and
the upper Bay are presented in Figures 2 and 3,
respectively. In part {a} of each figure measured
concentrations of dissolved oxygen, in mg/l, are
plotied versus months of the year while in part (b)
of each figure calculated percent saturation values
are also plotted versus months of the year. The
measured concentrations of DO at both East Main
Pass (Fig. 2a) and the upper Bay (Fig. 3a) showed a
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Figure 2a. Measured Concentrations of Dissolved Oxygen

at East Main Pass.

similar annual cycle. Values were generally highest
during the period October through March (late fall,
winter and early spring) and generally lowest dur-
ing the period April through September (late spring,
summer and early fall).

The surface values at both locations were nearly
always a higher measured concentration than the
corresponding bottom values. Surface and bottom
values tended to be similar during the periods of
highest measured concentrations while during the
periods of lowest measured concentrations they be-
came widely separated, This latter consideration
was particularly true during the months of June,
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Figure 2b. Calculated Values of Percent Saturation for

East Main Pass.
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Figure 3a. Measured Concentrations of Dissolved Oxygen

at the Upper Bay.

July and August. No apparent east-west differences
were observed in the upper Bay data (Fig. 3a).

Calculated values of percent saturation for the
two locations (Figs. 2b and 3b) presented a slightly
different annual cycle. Seasonal trends for the bot-
tom percent saturation values approximated the
measured values depicted in Figures 2a and 3a.
However, the surface percent saturation values did
not decrease during the late spring, summer and
early fall as did the surface measured values (Figs.
2a and 3a) but rather they increased (Figs. Zb and
3b). In fact, in nearly all cases they were the highest
valugs of the year.
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The difference between measured concentra-
tions of DO and calculated percent saturation values
was partially a function of the temperature cycle
and differences in salinity concentrations over the
annual period. For example, the lower measured
values during the summer occurred in waters with
high temperatures and likely high salinities and
therefore had low selubility capacities for dissolved
gases. This means that a low measured concentra-
tion of DO during the summer could in fact have
had a high percent saturation value. This is very im-
portant because low measured concentrations of
DO do not automatically suggest stress on the en-
vironment.

Macro-Scale Distribution Patterns During Oxygen
Depletion

Because of the impact to the local fisheries and
the link to the “‘Jubilee’” phenomenon much more
interest has been generated towards the structure
and behavior of the DO system during periods of
oxygen depletion than during any other time. This

has resulted in some field data and therefore a little
insight into the distribution patterns during these
periods.

Bottom DO and bottom salinity fields during
and immediately after a very depressed DO period
are presented in Figures 4, 5 and 6. The conditions
that existed during the depressed period are illus-
trated in Figures 4 and 5. Both of thesc figures are
presented because Figure 4 has stations which de-
pict the upper two thirds of the Bay including the
delta interface while Figure 5 covers the entire Bay
except the southwest portion and the delta-upper
Bay interface.

Figures 4a and 5a show a large area of depressed
DO (< 1.0 mg/l) over most of the middle and upper
Bay bottom. This area did not extend into the delta
(Fig. 4a) or into the far western side of the Bay
(Fig. 4a and 5a), but it did appear to extend very
close to or even up to the eastern shore. Two
smaller areas of > 1.0 but < 2.0 mgfl concentra-
tions were observed, one extending southeast from
the < 1.0 mg/l area into Bon Secour Bay and the
other in the very southwest cormner of Bon Secour
Bay (Fig. 5a).

Figure 4a. Siations Showing Dissolved Oxygen Over the
Upper Two-Thirds of the Bay.

Figurc 5a. Stations Showing Dissolved Oxygen Over the
Euntire Bay,
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Figure 4b. Stations Showing an Intruding Tongue of High
Salinity Water Over the Upper Two-Thirds of

the Bay,

Both figures 4b and 5b depict an intruding
tongue of high salinity water sityated slightly east
of the contral axis of the Bay. The isohalines of
these 1wo botiom salinity fields did not seem to
have any relationship to their corresponding bot-
1om 14} lields.

Surlace salinity data (not illustrated) compared
to the hottom salinity data showed that there was
weik (0 moderate positive vertical stratification in
the upper Bay and East Bon Secour Bay and strong
positive vertical stratification in the middle and
lower Bay and west Bon Secour Bay. Temperature
data for all stations ranged between 28,0 and
32.0°C and had a moderate positive stratification.
Surveys taken during the low tides of these two
days (July 17 and 18, 1978} revealed no significant
change in the gverall structure and only a 3 to 5
km north-south shift,

Ten days later a follow up survey revealed that
the bottom DO field had significantly recovered
from the depressed conditions of < L0 mg/l to
levels around 4.0 mg/t (Fig. 6a). The corresponding
bottom salinity field (Fig. 6b) again did not seem
10 have any relationship to the DO field (Fig. 6a).
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Figure 5b. Stations Showing an Intruding Tonguc of High
Salinity Water Over the Entire Bay,

WHAT WE KNOW A LITTLE ABOUT

Oxygen-Consuming Processes

Results of research performed by Dr. Mano
Pomatmat of Aubum University as part of the
“Theodore Ship Channel-Baseline Data Collection”
(U.S. Army Corps of Engineers 1979} are used in
this section. Dr. Pamatmat investigated the rates
of OXYgen-consuming processes in the bottom sedi-
ment of the Bay. His position was that compared
to the water column and the total biological activ-
ity of plankton and nekton, the bottom and the
benthos become rclatively more important as water
depth decreases. Therefore, because Mobile Bay
a very shallow estuary (average depth at mean Jow
water - 2.6 m) bottom related OXygen-consuming
processes were the logical place to start,

Because of the limited number of samples he
had to work with, Dr. Pamatmat cautioned that
the results provided at best only an initial assess
ment. Sediment cores from the Bay bottom showed
total oxygen uptake ranged between 12.9 to 417
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Figure 6a. Conditions in the Upper Two-Thirds of the Bay
Afer Ten Days.

ml O,m™ h™' and chemical oxygen uptake ranged
between 4.8 to 18.1 ml O, m™ h'', Interfering
chemical reactions prc:w:mt:d2 reliable measurements
of ATP concentrations to determine living biomass,
which in turn should be related to total metabolic
activity, and measurements of heat flux to deter-
mine the anaerobic component of the total meta-
bolic activity.

Municipal and Industrial Wasta Information

The reader is referred to the 208 wastewater
management plan reports prepared for Mobile and
Baldwin Counties by the South Alabama Regionai
Planning Commission (1977),

History of Low Concentration Pariods

By using the occurrence of the “Jubilee”
phenomenon a5 a signature for oxygen depletion
periods it is then possible to go back through news-
paper records for historical documentation pur-

Figure 6b. Conditions in the Entire Bay After Ten Days.

poses. The earliest report of a “Jubilee” and there-
fore an implied low dissolved oxygen period was in
1821, accoerding to newspapers in files of the Fair-
hope Single Tax Corporation. From that date for-
ward numerous accounts of “‘Jubilee” have been
published in various newspapers throughout the
area, Historical reviews were presented by Loesch,
1960 and May, 1973.

The important implication here is that low dis-
solved oxygen periods have occurred in the Bay for
over 150 years and, therefore, prior to major man-
made alterations to the Bay bottom or municipal -
industrial waste stresses. With this in mind a con-
certed effort must be made, during the designing of
future studies, to consider both natural as well as
man-made consequences with respect to the dis-
solved oxygen system.

WHAT WE KNOW NOTHING ABOUT
1. Oxygen-Pr;)ducing Processes,

2. Environmental Factors Responsible for the



On-Set, Maintenance and Termination of
Oxygen Depletion Periods.

3. Meso-to Micro-Scale Distribution Patterns Dur-
ing Oxygen Depletion Periods.

DATA GAPS AND RECOMMENDATIONS

No aspect of the DO system of the Mobile
estuary is understood well enough that it can be
removed from a data gap list. Therefore, all of the
elements mentioned in this paper and undoubtedly
others, must be considered, to some degree, data
gaps. A definitive study of the DO system is years
overdue and each additional year that goes by
further complicates the task of properly and
adequately piccing the puzzle together. What is
needed is an extensive and intensive study, cover-
ing no less than a 3-year period, to commence as
soon as possible, because to do otherwise may
ultimately result in irreparable harm to the Mobile

estuary.
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WATER RESOURCE MANAGEMENT THROUGH CONTROL OF
POINT AND NONPQOINT POLLUTION SOURCES
IN MOBILE BAY

Donald W. Brady
South Alabama Regional Planning Commission
P. O. Box 1665
Mohile, Alabama 36601

ABSTRACT

Traditional development in the Mobile Bay
area has, In some instances, resulted in undesira-
ble degradation of water quality caused directly
by point source discharges and indircetly by non-
point source runoff. The study partially described
in this paper was undertaken to provide recom-
mended guidelines and management schemes {or
control of point and nounpoint sources of pollu-
ton affecting Mobile Bay and 1ts tributary streams,
The study arca consists of approximately 7,500
km? (2,900 sq. miles} of land area and an estuarine
bay and delta of approximately 1,070 km? {413 sq.
miles).

A sampling program was used to determine
existing water quality and to identify where viola-
tions of quality criteria were occurring. Data from
the sampling program were also used as input to
the water quality model which was used to pro-
ject future receiving water quality and to assess
nonpoint source impacts on water quality. Major
study recommendations relate to total maximum
daily loads, stream standards, treatment levels,
discharge locations, and non-structural controls
for surface runoff. Authoritics are recommended
for designation to fulfill specific management
responsibilities to assure proper use of local water
rescurces.

(NTRODUCTION

The Federal Water Pollution Control Act
Amendments of 1972 (Public Law 92.500) sct
iwo major national water quality goals: 1} to ob-
tain, wherever possible, fishable and swimmable
waters by 1983; and 2) to climinate the discharge
of pollutants into navigable waters by 1985. Three
basic approaches to achieve thesc goals are also
outlined in the Act: 1) the issuance of permits to
discharge under the National Pollutant Discharge
Elimination Systeta (NPDES) as required in Sec-
tion 402; 2) planning for water quality manage-
ment as described in Sections 201, 208, and 303¢;
and 3) the awarding of construction grants for

K}

publicly owned waste treatment systems as stipu-
lated in Sections 201, 202, and 204. The signifi-
cance of this legislation and the 1977 Amend-
ments to itshould not be underestimated, especially
as it regards Section 208 planning.

The South Alabama Regional Planning Com.
mission (SARPC) was charged by the Governor in
1975 to plan for water resource management
through the control of point and nonpoint pollu-
tion sources in Mobile Bay and its major tributary
streams. This paper presents a summary of the
Commission’s  approach, methodology, findings,
and recommendations concerning water quality
management in the Mobile Bay area.

There are two primary objectives in the practice
of water resource management: 1) the satis-
factory disposal of waste products and the pro-
tection of health; and 2) the maintenance of water
quality for the intended or desired uses. The Section
208 planning for the Mobile Bay area was designed
to investigate existing water quality, to compare it
with existing State use classifications and the cri-
teria for each, to identify where violations ocour,
to project future waste loads, and to recommend
a water resource management program  with
necessary controls for point and nonpoeint sources
that will assure attainment of water quality goals.
Time and money were the limiting factors in the
final study design. Due to these limitations, desired
levels of detail were eliminated from the water
quality sampling and modeling elements, resulting
in a minimally acceptable study design.

STUDY DESIGN

The two major components of the Mobile 208
study design from a water quality perspective are
the water quality assessment and the water quality
modeling. The water quality assessment is made
by comparing the results of a sampling program
with accepted water quality criteria. This de-
termines where violations are in fact occurring,
and what improvements in water quality must be
achieved to meet the criteria. The sampling data is
also used as input to the water quality model




which is a set of equations representing the rela
tionships among the various pollutant parameters,
Through the usc of thesc cquations, the effects
of changing the quantity or the guality of both
point and nonpoint discharges upon  various
paramcters can be estimated and examined, Such
simujations make it possible to evaluate various
discharge altcrnatives in terms of their impacts on
the water quality of a given stream. These evalua-
tions are used to determine the maximum daily
waste loads for a particular receiving water body.
The maximum daily waste loads are those quanti-
ties of waste materials that can be discharged into
the receiving water and assimilated therein with-
out violating applicable water quality criteria.
The simulations to determine maximum  daily
waste loads are usually made under the maost
critical environmental conditions, the assumption
here being that if water quality standards are met
under the most eritical conditions, they will be met
under any conditions, Waste load allocations for
point source dischargers are defined on the basis
of the maximum daily loads, These, in wurn, arce
used by the appropriate State and Federal permit-
ting authoritics to determine required treatment
levels and waste permit conditions,

METHODOLOGY

tream P m

Initially, a monthly sampling program was pro-
posed over a 12-month period; however, the US.
Lnvironmental Protection Agency (EPA) officials
felt this required too large a percentage of the total
budget so the cffort was reduced in scope to five
routine and one comprehensive sampling periods,
Thirty-three sites were located and samples were
collected during three seasons of the year (spring,
sumimer, and fall}. These three scusons also repre-
sented the three hydrological periods of the year
(high stream low, high local rainfall, and low
stream {low), Figure 1 identifies the monitoring
stations used for (he water quality asscssment
and maodeling, including those in Perdido Bay
which were a part of the Pensacola 208 study, the
Atabama Water Improvement Commission {AWIC)
trend monitoring stations, and the U8, Geological
Survey (USGS) water quality monitoring stations.
Table 1 further defines the locations of the sites.
Numbers in Table 1 are keyed to the corresponding
numbers on Figure 1. Table 2 lists the stations used
in the comprehersive sampling for the hydrody-
namic calibration of the water quality model.
Station numbers in Table 2 are also keyed to the
corresponding numbers on Figure 1.

32

Table 1. Routine Sampling Program Station Locations.
{Reference Figure 1)

Boundary Sites

Mobile River oppositc David Lake {RM 42)

Mouth of Mobile River @ Choctaw Point

Mouth of Spanish River and Delvan Bay

Mouth of Tensaw River

Mouth of Apalachec River @ Causeway

Mouth of Blakely River (West of D’Olive Bay}

Dauphin Island Bridge {Grant’s Pass)

Mouth of Mobile Bay, between Tt. Gaines and Ft.
Morgan

el S Rl ool

Bay Sites

9. Mobile Bay @ approximately 1.5 miles east of Dog

River

10. Mobile Bay & approximately 2 miles northwest of
Maontrose

I1. Mobile Bay @& approximately 1.5 miles east of Fowl
River,

12. Mobile Bay @ approximately 5 miles east of Fowld
River,

13. Mobile Bay @ approximately 3 miles southwest of

Point Clear
Stream Sites

14,
15,
16.
17.
18,
19,
20.
21,
22
23,
24,
25,
26.
27.
28,
29,
30.
31

Mouth of Three Mile Creck

Three Mile Creek @ 5t. Stephens Rd.

Mgbile River @ Pinto Pass (RM 5)

Intersection of Mobile and Spanish Rivers {RM 6.0)
Mouth of Eight Mile Creek

Eight Mile Creek @ Highway 45

Mouth of Dog River

Mouth of Theodore Ship Channel (Decr River)
Mouth of Fowl River

Mouth of Intracoastal Waterway

Mouth of Bon Secaur River

Mouth of Weeks Bay (Fish River Point)
Magnolia River @ Highway 49

Mouth of Polecar Creek

Com Branch near Camp Loxley

Mouth of S1yx River

Styx River (@ Hollinger's Creek

Tensaw River @ Big Lizard Creek (North of Gravine
Island)

Tensaw River @ Middle Creek

Baycu Sara @ Norton Creck

32.
33.

AWIC Trend Stations

42,
45,
44.
45,
46,
47,
48,

Dog River @ Luscher Park

Mobile River @ 1-65

Mobile River @ L&N Railroad Bridge

Mobile River @ Alabama State Docks

Bayou La Batre @ Alabama Highway 188

Three Mile Creek between U.8S. 43 and Southemn RR
Chickasaw Creek @ Highway 43
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Table 1. - Continued

49. Chickasaw Creek @ L&N RR Bridge

50, Escatawpa River @ Highway 98

51. Hollinger Creek southcast of Bay Minctte

52, Wolf Creck @ County Road 12

53, Wolf Creek 0.25 mile upstream of County Road

12 Bridge

54, Bon Secour River near Bon Secour, Alabama

55, Intracoastal Canal east of Gulf Shores

56. Tensaw River @ L&N RR Bridge

57. Tensaw River just below Gravine Island

USGS Stations

58. Chickasaw Creck
59. Perdido River

Tablc 2, Comprchensive Sampling Program Station Loeca-
tions, {Reference Figure 1}

Boundary Sites

34. Mobile River near Grog Hill Crk {(RM35.3)+
35. Mobile River below Shell Chemical (RM 24)
2. Mobile River @ Choctaw Point
4. Mouth of Tensaw and Spanish Rivers @ Delvan Bay
5. Mouth of Apalachec River (@ Causeway)
6. Mouih of Blakeley River (West of D'Olive Bay)
7. Dauphin Island Bridge {Grant’s Pass)
8. Mouth of Mobile Bay between Fr. Gaincs and Fi.
Morgan
41. Gulf of Mexico approx. 1 mile south of Sand Island

Bay Sites

9. Mobile Bay @ approx. 1.5 miles east of Daog River
39. Mobile Bay @ approx. 3 miles cast of Dog River
@ Mobile Ship Channel

4. Mobile Bay @ Approx. 8 miles east of Dog River

Stream Sites

17. Intersection of Mobile and Spanish Rivers (RM 6.0)
36. Mobile River above Chickasaw Creck {RM 3.5}

37. Mouth of Chickasaw Creek

14. Mouth of Three Mife Creek

38. Mobile River below Three Mile Creek (RM 0.5)

Sampling Frequency and Parameter Coverage

For the routine sampling program, one sample
was collected from each of the 33 sites on April 8
April 20, and May 183, representing high strean";
flow period of 1976. The Mobile and Tensaw Rivers
were at flood stage during the April 8, 1976

sampling, Another sample was collecied g cach
site on August 15, 1974, representing the peri;d
of local thunderstorm activity  which produg
high surtace runoli into area streams. The IaZ:
sumple was collected on Octoher 22,1974, Tepre.
senting the low stream Tow period of the vear
In the Mobile River, the Towest Mlow of the yeq
occurred on October 17, 1976, and was aboy
255 m* /s {9,000 cubic feet per second). Sampliy
was coordinated so that (our of the sampling dmf
corresponded 1o sampling  dates {or lhl-‘lAW[C
trend  stations. Samples were collected at mid-
depth or at 4 maximum of tive feet helow the syp.
face. All stauons were samipled within an cight.
hour time frame. Parameter coverage tor the Toy-
tine sampling is shown in Tuble 3, Samples from
the comprehensive  stations  were  collected at
17 sites (Table 2y a1 spectlicd intervals aver one
tudal evele o provide data four water quality and
for hydrodynamic verification of the water qﬁa]jtv
model. Sampling beaan at 6:00 p.m. local time o
October 12, 1976, and ended with the 6:00 p.m.
sampling on October 13, 1976, Conditions were
tdeal-winds were calm, there was no rainfall, and
stream  flow  was [ow, Parameter coverage and
sampling trequency [or the comprehensive samp-
ling are indicated in Table 4.

Nonpoint ling Program

A second part of the sampling program was
designed to assess the contributions of storm water
runoff and other nonpoint sources {rom various
land use categories. The sclection of an appropriate
level of detail in the definition of sworm Joads is
best dictated in assessment studics by recerving
water impacts. Pollutants discharged to recewing
waters have characteristic time and space scales
associated with the impacts they cause. These
scales are illustrated in Figures 2 and 3, and can be
used to provide guidance in determining the time
scale of the averaging which is appropriate, Thus,
while suspended solids loads may, in most cas¢s,
be characterized on an annual basis, more reactive
contaminants such as coliform orgamsms af‘-d
OXygen consuming matcrials, will usually requir
definition on a scale in the range of hours. Waste
load definition on a scale finer in detail thas
one to several hours (approximately the scale of
storm events) is not necessary for the cvaluation
of transient water quality impacts. ol

A sampling program was outlined for select y
catchment basins representing the identified lan
use categones that were included in the nonpoidt



Table 3. Routine Sampling Program Paramctcr Coverage.

WEATHER DATA

Wind Specd
Wind Direction
Air Temperature
Cloud Cover

Water Depth
Sample Depth

ph
Water Temperature
Dissolved Oxygen

Specific Conductance

UNITS

Miles Per Hour (MPH)
From North (N)
Degrees Celcius (°C)
General Descriplors
Cloudy (Cldy)
Parily Cloudy {Pu
Cldy)
Clear
Fog
Feet
Feet
Unitless
Degrees Celcius {°C)
Milligrams Per Liter
{mg/1)
Micromhos/Centimeter
(mmhofcm)

CHEMICAL DATA

Biochemical Oxygen Demand-

five day (BOD,)
Nitrite (NO, - N)
Nitrate (NO, - N)
Ammonia {NH, - N)

Organic Nitrogen (ORgN - N}
Total Phosphorus (PO, - P)
Total Dissolved

Salids (TDS)
Qil and Grease {0 & G}
Total Mercury  (Hg)
Total Zinc {Zn)
Total Lead {Pb)
Fecal Coliform  (Fec Col.)

Chlorophyll “a” {chl “a")
Pesticides: Organochlorine
Organophosphorus

Milligrams per liter
(mg/1)

counts/ 100 milliliters as
determined by the mem-
brane filter technique
micrograms per liter
namograms per liter
namograms per liter

Table 4. Comprehensive Sampling Program Parameter Coverage and Sampling Frequency.

Paramcter Coverage

Physical Data

Water Depth
Temperature

Specific Conductance
Dissolved Oxvygen

Chemical Data

5 day BOD
Ultimate BOD
Ammonia Nitrogen
Organic Nitrogen
Nitrate Nitrogen
TKN

Total Phosphorus
Fecal Coliform
Chlorophyli “a”

Every 3 hours at

3 depths (1 fr.
below sarface, 5 f1.
or mid-depth, 1 fr.
above hottom)

X

X
X
X

Sampling Freguency

Every 6 hours
at b ft. or
mid-depth

I

Twice Only Once
once a.m, only at
OnCe p.m. Peak
Flood
X
X
X
X
X
X
X
X
X
X
X
X
X X

source assessment. Figure 4 shows the selected
catchment basins and Table 5 briefly describes
each. The sampling frequency and parameter
coverage proposed for the nonpoint assessment are
presented in Table 6, However, problems en-

countered in the nonpoint sampling program re-
lated either to no rainfall at all over some catch-
ments or to insufficient rainfall or insufficient
unoff from some catchments, resulted in no
samples being obtained at three of the original
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Residential - Samples were taken from Paved djte "
(5R} south end of culvert under GO"fmmem
{183 acres)  Boulevard on the east side of Skyline Country
Ciub; 100% single family residentiaf,
Commercial - Samples were taken from Paved ditch 5 the
(5C) east end of culvert under Natiopal Jeweley
{272 acres)  building on Bel Air Blvd.: 70% Commerciy)
5% single family resideatial, 259 apen,
Industrial - Samples were 1o have been taken from storm.
{6) water drainage sysiem of Alcoa Aluminyp,
(42 acres) Plant at the rorth end of Alabama S,

Docks; 100% industrial. No samples gh
tained,

Septic Tank - Samples were to have been taken from we

Installations drainage ditch at north end of culvert unde,

(3) first street south of Bear Point Marina; 100%,

{35 acres) single familv residential. No samples ob
tained.

Agricultural - Samples were taken from south end of cor

(1A) rugated metal culvert under Highway 64

(R2 zcres) approximately 1 mile west of Wilcox Road
and 110 intersection in Baldwin County;
100% agricultural pastureland.

Agricultural - Samples were taken from south end of

(1B} corrugated metal culvert under Baldwin

{196 acres)  County Road 24 approximately 0.75 mile
west of intersection of County Road 55:
100% agricultural fand under cultivation.

Silvicultural - Samples were taken from south end of

{2) cubvert under road approximately one mile

(1664 acres}  west of Wilcox Road and five miles north of
1-10; 100% managed forest land.
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FLOMTMY EY
T I Theodore - Samples were taken from middle Deer River
T anerma o Industrial at the west end of culvert under road on the
T Ty Park {41) south side of Kerr McGee plant site; 60%
i e : (1569 acres) develaped/developing industriai, 40% wn-
T T g developed,
i oasOvEn orraen ] Theadore - Samples were taken at twin culvert located
1 ! i | Industrial at west end of drainage ditch under new spur
mTmENTS o ! Park, Back-  track to DeGussa; 100% totally undeveloped
) | | | ground Area land.
o Fame brerery o : (48) {356 acres}
.. [oitreeery
_[ o | . Fairhope - Samples were taken at the end of a Five foor
| sasawessaos Landfill metal culvert located under Section Street
I H | -__—-_|-___ T {7} (14 acres) in Faithope; 100% sanitary landfill.
. ”. e L W o
e L T NOTE: Numeric andjor alpha numeric designations refer
T e e to identifiers shown on Figure 4,
L L m—

sites. These were the original agricultural site,
Figure 4 (1), the resort site, Figure 4 (3), and the
industrial site, Figure 4 (6). Two alternate agricul
tural sites were identified, Figure 4 (1A) and (1B),
from which samples were finally collected. Sixty-
six field trips were made to the nonpoint sampling



TR -
{éilviu}l ur.lnl.\"{’.&i
VAR

ey b, 1"
S s

5
Agriculitural

;
m""
.
coenitryciion
\

e
W' B SOUTH ALARAMA
n

BEGIONAL PLANMING SO MISHON
PTEMBER1¥FT !

Figure 4, Water Quality Sampling Stations for Nonpoint Source Assessment,

37



——

Table 6. Nonpoint Sampling Frequency and Parameter Coverage.

NUMBER OF SAMPLES —
e
y nE
4 =] - R . L
z| z|2*% e = B I F £ 3
-] y) | & <=3 =| B¢ =| % .| %
alalz| E| E|E| 8| (2| 5|32 2 {5 s 5|5e|d
ol e| sl £ -=Ehw9,a.¥5545553;,u=
LANDUSE |PROGRAM | 2| O| E| Z| Z2{<€{ &{ ~ = = |= : g__?-
i 16|16} 16 | 16 8 16 16 8 16
Agriculture | Scheduled 16 8 i6 ‘
{1A & 1B} Completed 32119 32| 32182132 32| 19| 32 32 19 39
Silviculture | Scheduled 16| 8 16 | 16]16|16| 16 8] 16§ 16 :‘i 16
{2) Completed | 19| 12 191 19]i9119| 19| 121 19| 19 12 19
Construction | Scheduled 2710127 27 | 27 27 1_? 291 27 51 5
(41} Completed | 28 |10)281 28 | 28 28 [ 15f 28 | 28 19|10
Landfill Scheduled 8] 4 8 8 8] 8 8 4 8 8
{7) Completed 8| 4 8 8l 8] 8 8 4 8 8
Septic Tank | Scheduled 1] 1 1 1 1] 1 1 1 1 Ly 11111 L) L ]
'“5“(1]33“0"3 Completed | o o ol olefol of ol o o of o] of o] ol of o o
Residential | Scheduled | 24| 81 8| 27| 241616 | 24| 12 23| 24} af 4 4] 4] ol 4] 4| 4 2%
{3R} Completed 24 |12 9| 28| 28j19| 19| 28| 21 28 28 3 31 5 51 315 511119
Commercial | Scheduled 1811071 9| 271 2718[ 18 27| 11 27 22010010010 010010 10 10 re
{5C) Completed 241111104 28| 28|1s|18) 28 o1 28 2B (10 [0t favfaafeafnngae 28
Industrial Scheduled 24| 8| 8 24 2416116 | 24 121 24 29 40 4 4| 4| 4| 4] 4| 8 i
(6) Completed ol O O \] 0ol o 0 0 0 ¢l o] of 6p o} ofol| ol o] o
Undeveloped | Scheduled 27 P10 |27 27| 27 27 15 27| 23 5 5
{4B) Completed 18110)18] 18 18 18 10 18 18 4 4
Totals Scheduled {161 |67 [79 {170 | t 70l51 911170 886|170 170119355 19 §24 | 24J28 11985517
Completed [153 178 {73 [ 161 | 161 96 [ 96 | 161 {103 [ 161 161 )16 |47 16 130 | 16|30 16| 74|43

sites, Only 18 of these resulted in representative
samples {from the sites.

EXISTING CONDITONS

The results of the water quality sampling

program indicate that overall the streams in the
drea. cxperience a great range of parameter values.
Based upon the AWIC water guality criteria and
strecam use classifications, the most frequently
occurring vialations are dissolved oxygen, pH, and
fecal eoliform. These violations are scattered
througheut the Mobile River Basin, but more
specifically affect Mobile Bay, Three Mile Creck,
Chickasaw Creek, Fowl River, Magnolia River,
Bayou Sara, Bayou La Batre, Hollinger Creek,
and Wnlf Creek. Table 7 presents a summary
of the streams sampled, their use classifications,
and the existing criteria that were violated, if any,
The storage-trzatment-overflow-runoff model
(STORM) was used to estimate the frequency and
magnitude  of pollutant loads from nonpoint
sources. STORM is a continuous storm water

mode} that simulates both quality and quantity of
runoff. 1t accepts lund use classification by area
disaggregated according to soil properties and a
measured rainfall record as a direct input, The
model also takes into account the capucity of the
watershed to intercept and retain water (depres
sion storage) as welt as infiltration and percolation
of pervious surfaces, STORM produced mass
emissions for the nonpoint catchment basins as
indicated in Table 8. Table 9 describes the range
of constituent concentrations observed at several
of the catchments. Maximum concentrations were
exclusively observed in a first flush immediately
following the start of runoff. Minimum concentra
tions occurred near the end of the storm.

In order to gencrate storm water loadings to
receiving waters, the STORM model was individually
applied using both current (1977) and pmject_ﬁd
{2000) land uses 10 cach of 38 drainage subbasins
in the area, and the 254 cm (1 inch) storm falling
in 1 hour as the critical storm, Based on these con-
siderations, simulated current and projected
storm water loads were compared with current
{1977—Best Practicable Treatment) and pl’OJ‘CdCd
(2000-Best Available Treatment) municipal and



Table 7. Water Quality Criteria Assessment at 208 and AWIC Sampling Station Locations.

Water Water
Quality Quality
Criteria Criteria
Sampling Stream Use \r"iol:u.tior;s.3 Sampling Stream Use \(inlat.ions,3
Station Stream Classification’ 1977 Station Stream Classification! 1977
a1 Mobile River F&wW - 29 Styx River Fiw pH
02 Mobile River Akl - 30 Holligner -
03 Spanish River F&W — Creek F&w pH
04 Tensaw River F&wW - 31 Tensaw River SWM, F&W -
05 Appalaches 32 Tensaw River SWM, FL&W -
River F&W - 35 Bayou Sara F&W Do, FC
06 Blakeley 34*  Mobile River PWS, F&W -
River F&w 354 Mobile River F&W -
07 Mobile Bay SWM, F&W, SHLL DO, FC 369 Mobile River Akl -
(8 Mohbile Bay SWM, F&W, SHLL FC 574 Chickasaw
09 Mobile Bay F&W - Creek NAV DO
10 Mobile Bay SWM, FiW — 3g? Muobite River Akl —
11 Mobile Bay SWM, F&W, SHLL FC 3g° Mobile Bay F&W —
12 Mobile Bay SWM, FEW, SHLL EC a0* Mobile Bay F&W -
13 Mobile Bay SWM, FEW, SHLL FC 414 Gulf of
14 Three Mile Mexico SWM, F&W, SHLL —
Creeck Akl — 42 Dog River F&wW —
15 Three Mile 43 Maohile River F&W —
Creek Akl DO 44 Mobile River F&W pH
16 Mobile River Akl - 45 Mobile River Akl -
17 Mobile River F&W - 16 Bayou La Batre F&W bO, FC
18 Eight Mile 47 Three Mile Creek Akl DO
Creek F&W - 48 Chickasaw
19 Eight Mile Creek F&W DO, pH, FC
Creek F&W — 49 Chickasaw
20 Dog River SWM, F&W — Creek NAV DO, pH, T
21 Deer River 50 Escatawpa
{Middie Fork) F&W - River SwM, F&w pH, FC
22 Fowl Eiver SWM, F&W DO 51 Hollinger
28 Intracoastal Creek Akl DO
Waterway SWM, FEW - 52 Wolf Creek FEW DO, pH
24 Bon Secour 53 Wolf Creek FEW -~
River SWM, Fi&WwW -_ 54 Bon Secour
25 Weeks Bay SWM, F&EW — River SWM, F&W —
26 Magnolia 55 Intraceastal
River S5WM, F&W pH, DO Watcrway F&W —
27 Polecat Creek SWM, F&W pH, FC 56 Tensaw River SWM, FLW FC
28 Com Branch F&W pH 57 Tensaw River SWM, FEW FC

! Presented in Chapter 11

2 AWIC Criteria, Table 8-1 4Station not sampled for pH

industrial point source loads. Table 10 presents a
summary comparison of these simulated loads. In
interpreting this table, it should be kept in mind
that the point source loads and the average summer
storm water loads are continuous as opposed to the
critical storm runoff loads, which are introduced
over a matter of hours. Hence, the units for the
critical storm runoff loads are more appropriately
pounds per critical storm rather than pounds per
day.

3FC = Fecal Coliform; DO = Dissolved Oxygen; T = Temperature

The relative magnitudes of point source and
critical storm loads vary with location. Chickasaw
Creck, with its present concentration of industries,
is dominated by point source discharges although
storm water loads are substantial. Point source and
storm water loads to the lower Mobile River are ap-
proximately the same magnitude. Loads from the
critical storm are much larger than current peoint
source loads to Three Mile Creck and Dog River
and will be even larger in the future as Best Avail-



Table B. Maobile 208 Mcasured Storm Event Mass Emissions Summary.

Measured Stormwater Pollutant Mass Emissions’

Event BOD, Total N Total P TSS Fecal Caliform
Catchment Name*  Date Tos  Ibsfacre Tbs Ibsjacre Ths bsfacre  Ibs  Ibsfacre Ibs Ibsjacre
Residential® (3R] 06/18/76 60.2 0.334 16.3 0.091 255 0.014 7570 42,1 230 1.28
Residential (5R) 12/06/76 21.8 0.121 2.3 00128 031 0.0017 i35 0.75 12.6 0.07
Residentiat (5R) 01/13/77 3.0 00167 0.7 00039 0.06 0.00033 10 0.055 0.0276 0.00015
Commercial (5C) 06/18/76 226 0.830 408 0.15 5.32 0,020 11500 42.3 168 0.61
Commercial® (5C) 12/06/76 134 0.493 15,1 0.056 1.83 0.0067 643 2.56 40.7 0,15
Commercial® {(6C) 01/13477 87.9 0.323 7.4 0027  0.80 0.0029 186 0.68 3.31 0.012
Agricutural (1A)  10/30/76 11.2 0.137 24 0029 0,81 0.0074 303 3.70 326 0.40
Agricultural {1A) 12/11/76 0.2 04002 0.1 0001 0.02 0,00024 8 0.697 0.767 0.0093
Silvicultural (2) 1048076 4.0 0.002 0.5 0.0003 0.12 0.000072 182 0.11 138 0.008
Silvicultural? {2 12/11/76 - - - - - ne - - 0.0518 0.000631
Theodore
Backg‘rnundz (4B) 08/02/76 1.0 0.0028 0.7 0.0020 0.02 0.000056 17 0.0478 0.0987 0.00027
Theodort
Bat:ka;mund3 (4B} 12/19/76 - - 0.1 0.0002 0.01 0.0030 17 0.0478 0.202 0.00057
Theodore
Construction® {41) 08/02/76 11.3 00072 3.4 0.0021 0.25 0.00016 378 0.241 3.36 0.00214
Theodore
Construction” (41) 09/02/76 37.3 0.024 11.4 ¢.007% 0.80 0.00051 3950 2.52 20.5 0.0131
Theodore
Construction’ {41} E2/19/76 8.3 0.0053 1.7 0.0011 .27 0.00017 2h8 0.165 6.69 000426
Fairhope
Landfill (7) 09/07/76 16.0 1.14 1.2 0.80 1.58 0.113 12170 870.0 993  0.709

' Applies only to the period over which measurements were taken.

after the last measurement.
*Runoff had started priot to initial sampling. Mass emissions not corrected for base flow, if any.
*Mass emissions corrected for base flow loads
*Numicric and/or alpha numeric designators refer to identificrs shown on Figure 4 and in Table 5.

In almost all cases, storm water discharge continued

NOTE: This 1able does not list the measured mass emissions for Agricultural Site 1B. Although many *“dry runs” were
made, samples were not collected at this site until 6 to 9 months after sampling at all the other sites except the
industrial and resort (septic tank) sites had been completed. Samples at the latter two sites were never obtained.
It was not known when sufficient rainfall at these sites would result in representative samples heing taken, and the
computer modeling tasks could not be delayed indefinitely without seriously affecting the entire project schedule;
therefore, the model runs were made withaut the sample results that were eventually taken from Site 1B.

Table 9. Range of Pollutant Concentrations Observed During the Storm Water Sampling Program.
TSS COD BOD Oil and Grease
mgjl mgfl mgl mg/l

Land Use Max Min Min Max Min Max Min

Kesidential 1,270 10 199 30 19 3.4 5.7 <1

Commercial 1,350 16 466 19 49 2.8 6.3 <1

Sanitary Landfill 5360 46 121 57 46 3.6 - -

A.E'l'?cuiwra] 2,200 11 178 27 9.4 0.7 . .

Sitvicultural 1,000 3 39 8 2.4 0.1 . .

Open, Marshy 1351 13 84 20 24 0.1 . -
Table 9. continued om next page.
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Table 9. Range of Pollutant Concentrations Observed During the Storm Water Sampling Program {Concluded).

TKN NO4-N TOTALP F. Coli

mg/l mgfl mg/l MPN/100ML
Land Use Max Min Max Min Max Min Max Min
Residential 34 0.55 0,80 a.11 0.28 0.09 93,600 78
Commercial 4.3 0.42 0.94 0.09 0.44 0.06 35,400 38
Landfill 3.0 1.0 0.65 041 0.65 0.21 3,000 325
Agricultural 7.4 0.13 3.0 0.04 2.4 0.03 3,500 810
Silvicultural 0.75 0.07 0.27 0.04 0.14 0.02 2,200 38
Open, Marshy 0.95 0.20 0.65 0.10 0.05 0.02 163 26

Table 10, Comparison of Loadings from Urban Storm
Water and Point Source Discharges.

{tbs/day)
Chickasaw Dog Mobile Three Mile
Source Creck River  River Creek
BODy;
Point Sources
BPT (1977) 59,200 640 3,730 2,210
BAT (2000) 20,700 380 1,590 750
Critical Storm
1977 10,000 28300 3,020 16,000
20:00 11,500 37,700 3,030 17,100
Average Summer
Storm Water 640 1,200 110 600
{1977)
Total Nitrogen
Point Sources
BPT (1977} 6,300 470 3,330 2,140
Critical Storm
Runoff
1977 1,230 2,700 440 1,600
2000 1,420 3,700 440 1,680
Average Summer
Storm Water 120 160 20 80
(1977)
Total Phosphorus
Point Sources
BPT (1977) 660 150 1,1t0 710
Critical Storm
Runoff
1977 150 290 50 160
2000 150 %60 50 160
Average Summer
Storm Water 19 22 3 10

(1977)

able Technology (BAT) is applied to point sources
and as storm water loads increase with urban de-

velopment.
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Samples coliected for the nonpoint source
modeling were analyzed for parameters other than
those addressed by STORM. Pesticides were
present above the limits of detection in runoff
from the residential, commercial, and agricultural
catchments. Mercury was detected in a runoff{
sample from the commercial catchment, and small
amounts of iron, lead, manganese, and zinc were
found in both the commercial and residential
catchment samples.

In summary:

The upper reaches of the Mobile River ex-
hibit good water quality with two signifi-
cant cxceptions. Thermal violations occur
as a result of the large volumes of cooling
water discharged from the Barry Steam Gen-
crating Plant, and the fccal coliform concen-
trations contributed from nonpeint source
runoff in this area heavily impact the shell-
fish harvesting during low temperature, high
stream flow pertods.

Chickasaw Creek is heavily impacted by point
source dischargers of both industrial and
mumnicipal origins. The water quality of this
stream is worsened by heated discharge from
the Chickasaw Steam Plant. Water quality is
poor and made worse by heavy benthic oxygen
demand and the intrusion of a salt water wedge.
Storm water runoff has little or no impact on
the in-stream water quality.

Three Mile Creek has poor water quality largely
due to the discharge from two municipal
sewage treatment plants and to the poor
reacration of the stream resulting from strong
tidal influence. Nonpoint sources also severely
impact the stream.

The lower segment of the Mobile River has
poor water quality as a result of the point
source discharges contributed from Three Mile
and Chickasaw Creeks and the tidal influence
of the Bay.



Table 11, Existing Municipal S2wage Plants.
(December 31, 1977)

Plant

-Maobile County-

McDuffie [sland/Mobile’
Halls Mill Creek/Mobile?
Three Mile Creek/Mobile
Hog Bayou/Mobile

Bill Zjebach/Maohile
Grover Street/Prichard
Eight Mile/Prichard
Chickasaw Lagoon
Saraland

Dauphin Island

Bayou La Batre
Citronelle

-Baldwin County-

Gulf Shores
Robertsdale
Bay Minette

Wesiside Lagoon/Bay Minetie

Loxley Lagoon
Foley Lagoon
Fairhope

T
Design Flow Receiving

Treatment Description (mgd) Water
High rate Activated Sludge 16.00 Mobile Bay
tigh rate Trickling Filter 1.50 Ha!}s Mill Creek
High rate Trickling Filter 10.00 Spring Branch
Package plant 0.35 Hog 'BﬂYO'-l
High rawe Trickiing Filter 2.00 Mobile I:'Tay
2 Stage Trickling Filter 4.00 T?lr:c M}]t Creek
High rate Trickling Filter 1.50 Elshl Mile Creek
2 Single stage lagoons 1.50 Chickasaw Creek
Conventional Activated Sludge 0.59 Norton Creek
Standard rate Trickling 0.25 Aloe Bay
Conventional Activated Sludge 1.00 Portersville Bay
Single stage Lagoon 0.22 Puppy Creek
3 Stage lagoon 0.33 Intracoastal Waterway
Extended aeration Activated Sludge 0.25 Rock Creek
Primary clarification 1.00 Hollingers Creek
2 Stage lagoon 0.225 Martin Branch
3 Stage lagoon 0.16 Corn Branch
Single Stage lagoon 0,27 Wolf Creek
Step aeration Activated Sludge 2.00 Mobile Bay

iCurrr.-ru:ly being converted to a 28 MGD pure oxygen A.S. process

*Will be closed in 1978

Deer River has poor hydraulic flushing and is
impacted by storm water runoff. This limits
its assimilative capacity for direct discharges,

Mobile Bay has relatively good water quality.
It expericnces occasional water quality prob.
lems on its western shores due 1o puor circu-

lation and to heavy bacterial contamination
from high fresh water inflows.

Bayou Coden and Bayou La Batre experience
poor water quality due to waste disposal from

ing septic drainfields deteriorate water quality
in low lying areas and coastal waters of resort
areas such as Gulf Shores and Dauphin Island,
and in streams discharging directly into Mobile
Bay, such as Fish River, Fowl River, and
Magnolia River,

SOURCES OF POLLUTANTS

scafood industries operating in the area.

® Noarton Creek and Ba

you Sara have poor water

quality resulting from the overloaded Saraland

Stwage treatment

flows.

plant and fow dry weather

Hollinger Creek has poor water quality result-

ing from the discharge of primary effluent
from the Bay Minette Sewage treatment plant.

® Dog River is impacted by high sediment
Ivads in urban storm water runoff,

® Improperly installed and/or improperly operat-
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Pgint Sou rces

Major point sources of pollution in the area
include 19 municipal wastewater dischargers with
an aggregate flow of 250,000 m?/day (55 MGD)
and 38 industrial process wastewater dischargers
with NPDES permits having an aggregate flow of

approximately 609,000 m

?/day (134 MGD). In

addition there are 49 semi-public and privat¢
dischargers and other miscellaneous dischargers of
sanitary waste, cooling water, boiler blowdown,
rain water runoff, and other nonpermitted ef

fluents,



Municipal sewagc treatment plants generally
accept only domestic wastewater. Because of this
the plant capacities and the gross pollutant loads
which they receive are in direct proportion to the
populations they scrve. Table i1 lists the munici-
pal sewage treatment plants in the area, their treat-
ment processes, design flows, and receiving waters
for the treated effluent, Table 12 summarizes the
typical concentrations of constituents found in
domestic wastewater. Pollutant concentrations and
average flows may both vary il industrial waste
watcr is also treated andfor if extrancous water is
received via flow from surlace water or infiltration
from ground water.

Table 12. Typical Composition of Domestic Sewage,

Concentration- mg/fliter

Constituent Strong  Medium  Weak
Solids, total 1,200 700 350
Dissolved, total 850 500 250
Fixed 525 300 145
Volatile 25 200 105
Suspended, total 350 200 100
Fixed 75 50 30
Volatile 275 150 0
Settleable solids, {ml/liter) 20 1D 5
Biochemical oxygen demand,
5-day 300 200 100
Total organic carbon (TOC) 300 200 100
Chemical oxygen demand
{COD) 1,000 500 250
Nitrogen, (total as N} 85 40 20
Organic 35 15 8
Free ammonia 50 25 12
Nitrites 0 0 0
Nitrates 0 0 0
Phosphorus (total as P} 20 10 6
Organic & 3 2
Inorganic 15 4
Chlorides 100 50 30
Alkalinity {as CaCQ,) 200 100 50
Grease 150 100 50

Source: Wastewaler Engineering: Collection, Treatment,
Disposal by Metcalf & Eddy, Inc. Copyright (<)
1972 by McGraw-Hill, Inc. Used with permission
of McGraw-Hill Book Company.

Industrial point sources in the area are princi-
pally located in the Mobile metropolitan arca with
discharges to the Mobile River and Chickasaw
Creck. Table 13 lists the major industrial point
sources and categorizes them by their 1977 dis-

charge volumes. The largest volume dischargers
are paper mills and electricity gencrating plants
with most of the latter's flow being cooling water
and stcam condensate. The bulk of the pollution
load is contributed by the paper mills and the
chemical plants which discharge into Chickasaw
Creek and the Mobile River. These loads are
strictly controlled by NPDES permit conditions
which limit the concentrations of pollutant
paramcters to assure compliance with applicable
stream standards. At the time of the 208 assess-
ment of industrial dischargers in 1977, only four
industries in the area had not met the 1977 BPT
requirements of law. These were all under com-
pliance schedules for 1978 satisfaction of the
requirements.

Nonpoint Sourges

Major nonpoint sources of pollution in the area
are urban storm water carrying sediment loads
from construction and new development sitcs,
hydrologic modification which affects movement
of the salt water wedge up the delta causing some
salt water intrusion into ground water, and surface
runoff upstream coming into the area and carrying
bacterial contamination. Another source is im-
properly operating septic drainfields in low lying
coastal areas,

Most pollutant parameters from nonpuint
sources have their greatest impacts during the high
temperature, low flow periods of the year, How-
ever, the converse is true for {ecal coliform bacteria.
Since their impacts force annual closure of the
oyster beds in the lower Mobile Bay, the 208
modeling assessment was expanded to include the
higher flows and colder water temperatures,
Using observed fecal coliform concentrations of
50 MPN/100 mi, projected year 2000 flows for
point source discharges, generated fecal coliform
lvadings for urban storm water runoff, and fresh-
water inflows identical to summer simulations
except temperature which was set at 10°C (50°F),
the model was operated with the Mobile River flow
at 4,250 m? /5 (150,000 cfs) to assess the effects of
fecal coliform concentrations in the winter storm
water runoff from the 2.54 ¢cm (1 inch), 1 hour
storm. The results of the simulations showed that
a marked increase occurred in the fecal coliform
concentrations reaching the Bay in the winter as
comparcd to the summer. The winter simulations
were rerun for the same storm with the fecal coli-
form loadings from urban storm water runoff in-
creased by 10 times. There was no detectable in-
crease in fecal coliform concentrations in the lower



Table 13. Flow Summary of Industrial Process Wasic Water Dischargers.

Average Discharge (MGD) T
SIC Company MGD <0.01 0.01-0.1 0.1.1.0 LO10 g5
. e
2026 Barber Pure Milk 05 N
2077 SARS .02 . X
2091  Agquila Seafood 001 X
2092 Plashes Seafood .003 X
Grass Seatood 003 N )
Gulf Shrimp 410 X
Mallon Seafood 0003 X
Ovster Bay Seafuod .001 X ‘
Star Fish & Oyster 288 X
Patronas Seafood .001 X
Causeway Sealpod .00t X
Gulf Coast Knight Seafood .013 hY
Bon Secour Fisherjes RI3E? X
2491 Crown Zelterbach 010 b
2621 International Paper 33.2 X
Scout Paper +2.4% X
2631 Sione Container 0.02 X
2812 Stauffer Chemical-LaMoyne 1.10 X
Diamond Shamrock .06 X
2819 Unjon Carbide-Chickasaw 3634 X
Halby 0025 X
American Cyanamid .0600 X
ALCOA 8000 X
Virginia Chemical 2000 X
Eagle Chemical 2259 X
2823 Cowrtaulds of N.A. .80 X
2861 Reichhold Chemical .1800 X
2869 Degussa 3710 X
2879  Shell Chemical 1.044 X
Stauffer Chemical Cold Creek 400 X
2911 Marion Refinery 0453 X
Louisiana Land & Exploration 110 X
2951 Chevron Asphalt 350 X
3313 Airco Alioys 354 x
4011 Frisco Railroad 000325 X
L.C.G. Railroad 0115 by
4911 Alabama Power-Barry 40.0 X
5161 Thempson-Hayward L0041 X
Totals _l 0 11 10 4 3

Bay with the higher urban runoff loadings. Thus, it
appears that the urban storm water loadings from
the Mobile area are not a significant contributing
factor to the concentrations in the lower Bay. It
does appear that high river flows and low water
temperatures will allow the transport of bacteri-
olugic d contaminants from the upper limits of the

delta to the oyster reefs in sufficient concentr
tions to cause closure of the reefs. )

Table 14 presents a summary of the nonpoint
source assessment including the streams affected,
the types and seriousness of the problems, and the
contributing nonpoint sources.



Table 14. Nonpoint Source Problem Assessment Summary.

Type D{a Scriousnem!;) Contributing Type of  Seriousness  Contributing
Waters Affected Problem of Problem Source® Waters Affected Problem® of l‘ml:ll:mh Source®
Chickasaw Creek DO M us Bavou Sara Do H Us
N L us N H Us
P L us P M Us
CL M HM/5] SED H CON/ND
CB M uUs CB M us
Three Mile Creek DO H Us Eight Mile Creck Do M us
N L us N L uUs
P L us P L Us
SED H CON/ND CL L HM/S1
CL M HM/SI CB H us
CB M Us
Mobile Bay DO L us
Mobile River DO L us N L us
N L us F L us
P L us SED L/uf US/HM
SED H SE/CON{ND CL M HM{S]I1
CL M HM/SI CB L/H& UR
CB L/md URS ‘
Wolf Creck N L AGf
Dog River DO H USs P L AG!
N H us CB M LSD!
P M Us
SED H CON/ND Magnolia River N L AG!
ch M us P L AG
y LSDI
Hall's Mill Creck DO H us ce M
N H us i
P M us Fish River CB M LSIY
SED H CON/ND ;
CB M Us Fowl River CB M Lsp
Deer River DO H us Coastal Waters
N L uUs around CB M LSDi
P L us Dauphin ksland
SED M CON/ND and Gulf Shores
CL M HM/SI
CB L US
UR: Upstream Runoff
N
otes AG: Agriculture/Pasturcland
2 DO: Dissolved Oxygen b, Low LSD: Land and Subsurface Disposal
N: Nitrogen M: Medium . .
P: Fhosphorus H: High 4Not serious most o.f the year; Powevcr, n.iunng the.‘“"ﬁ‘“
CL: Coliform Bacteria low temperaturc, high flow period bacterial contamination
SED:  Sediment in the River and Bay becomes scrious enough to cause clo-
c sure of the oyster reefs.
us: Urban St?mwu.tf ; €Upstream runoff is probably a combination of urban
b Hydrologic MOd:Iﬁ“mn stormwater from developed arcas and runoff from agri-
SI: Saltwater In on culture/pastureland uses in areas draincd by the River.
S]))N ﬁomtnu:uon fNot serious most of the year with normal deposition of
SE ) ew Development sediment occumring from stream flow; however, during

Stream Erosion

peak flow periods and during dredging and spoil disposal

Notes continued on next page.



Notes continued from Table 14,

activities, deposition of sediment becomes a serious non-
point source problem.

BNot serious most of the year; however, during the winter
low temperature, high flow period, bacterial contamina-
tion in the River and Bay becomes serious enough to cause
closure of the oyster reefs.

hUpstrcam runoff is probably a combination of urban
stormwater from developed areas and runoff from agni-
culture/pastureland uses in arcas drained by the Mobile
River Delta and its tributary streams. Model simulations
showed conclusively that elevated bacterial counts cavsing
closure of the oyster recks did not come from municipal
point sources.

i'l'hcsc nutrients were detected above background levels
during the coursc of the sampling program; however,
they were not in amounts sufficient to cause any viola-
tion of siream standards. Since they could not be traced
Lo any point spurces, it was assumed that they were non-
puint source contrihutions from the agriculoure fpasture-
land activities carried on in the area.

Y Problems associated with bacterial contamination of
coastal waters and resort areas were documented in
recent EPA siudies to cmanate from overloaded and/or
improperly functioning septic tank systems inm these
low-lying areas. It is also believed that such problems
may contribule to the fecal coliform loadings that annually
close the ayster reefs.

POLLUTION LIMITS

The water quality pollution limits are defined
as the quantitics of waste materials that can be
discharged to arecening water body and assimilated
therein without violation of applicable water quality
standurds, Tota] maximum daily loads for an es-
lanine receiving water body are influenced by a
number of factors including: 1) ambient tempera-
tures; 2) hydrawlics; 3) discharge locations; 4) pol-
Lutant concentrations; and 5) water quality stan-
durds. O these, none is probably of more critical
importance 1o the determination of total maxi-
mum daily loads in the Mobile Bay area than dis-
chirge Jocations, Because of the interconnected
muaze ol channels, small crecks, and backwater
ircas in the system, there is an almost unlimited
number of paint source discharge combinations
that could have been investigated for purposes of
establishing optimum  allowable waste loadings.
To cope with this problem, a number of simpli-
fying assumptions were made pertaining to the
purpuse of and the procedures used in assessing the
el maximum daily loads.

_ First of all, it was decided that the total max-
imum daily loads would be determined to provide

only a gencral indication of the level of pollutant
loadings that could be discharged without violating
existing standards, The resulting loads were not
intended to be absolute values with regard to the
allocation of the total loadings to individual point
sources; rathcer, the purpose of the total maximum
daily loads was to serve as a general guideline for
identifying the most practical and fcasible dis-
charge location alternatives for lurther considera-
tion in the waste load allocation process, This
later would result in a refinement of the total
maximum daily loads considering specific and
alternative discharge configuratons and treatment
levels, In this regard, only the presently existing
point source discharge lociations were used in the
total maximum daily [eads determination,

The purpose of this secton is 1o describe the
procedure used 1o develop the total maximum
daily loads, to define the critical hydrologie, tidal,
and metenrologic conditions for which the otal
maximum daily loads were obtained, and to sum-
marize the maximum daily waste loads obtained
for specific streams in the arca.

Procedur

Maximum daily waste {oads lor specific point
source and urban storm water discharges were
developed through application and calibration of
the EFA Dynamic Estuary Model (IDEM) to simu-
late the tidal hydraulics and water quality of
Mobile Bay and us tidal tributaries. Following
application and calibration of the maodel, a series
of trial and crror simulations was completed  to
determine maximum daily waste loads for waste
sources discharging 1o those scgments that the
model indicated were water quality limited using
1977 Best Practicable Treatment (BPT) waste
loads. Maximum daily waste loads were determined
only for those constituents directly related to
violation of a specific numerical water quality
standard, Maximum allowable carbonaceous and
nitrogenous  oxygen demanding loads were de-
termined for those segments with dissolved oxygen
concentrations below applicable standards, Max-
imum allowablc discharge temperatures were
developed for thosc discharges causing thermal
water quality standard violations. Maximum
allowable fecal coliform loads were not developed
because neither point sources, assuming proper
disinfection, nor urban storm water runoff were
responsible for violations of ambient water quality
standards. Such violations, as indicated earlier,
are caused by high fresh water inflows into the
area, Neither were maximum allowable nutrient

loads developed because water quality standards
for nutrients do not exist.



Dynamic Estuary Mode!

Application of the DEM to simulate the hydro-
dynamic and water quality response of a particu-
lar estuary requires development of a segmentation
network to which the equations comprising the
DEM can be applied and solved by a computer.
The network together with the DEM computer
code constitute the model of the estuary.

Two segmentation nctworks were required to
represent receiving waters in the vicinity of urban
Mobile with the degree of spatial resolution desired.
A coarse grid network as depicted in Figures 5 and
6 rtepresented the entire Mobile Bay and Mobile
River Deltu, respectively, with a sysitem of 149
nodes (junctions) interconnected by 267 channels
(links). Because it was not feasible to obtain the
desired spatial resolution for the lower Mobile
River, Three Mile Creek, and Chickasaw Creek with
the coarse grid network, a fine grid network for
these areas was also developed as shown in Figure 7,
with 47 nodes and 49 channels as opposed to the
8 nodes and 7 channels used to represent the same
area on the coarse grid network. Additionally, a
fine grid network was developed for that part of
the Bay in the vicinity of the Theodore Industrial
Park in order to more effectively evaluate alierna-
tive discharge locations {or ¢ffluent from the
Theodore arca. This fine grid network, as illus-
trated in Figure 8, was superimposed over a portion
of Mobile Bay as dcfined by several of the link-node
boundaries of the coarse grid network.

Since storm water runoff loadings were also to
be evaluated, the DEM was modificd to accept
temporally variable storm water loadings. Using
wet weather conditions, a prestorm steady-state
water quality simulation was first obtained. Using
these wet weather prestorm cquilibrium conditions
as a starting point, storm water runoff from an
intensc, short duration storm "was introduced into
the model. The simulation continued until the
transicnt water quality effects caused by the
storm water loads had dissipated,

Critical Conditions for Simulations

Receiving water quality effects of pollutant
discharges are greatly influenced by environmental
conditions—tidal range, fresh water discharges, and
meteorology—prevailing at the time of discharge.
The mean annual tide at the Main Pass witha 0.39 m
(1.3 foot) range was used to drive both the dry and
wet weather hydraulic simulations. Ambient
temperature simulations for both the dry and wet
weather cases were based on average meteorologi-
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cal conditions observed during July 1976 at the
Mobile airport. Since the Alabama State water
quality criteria require use of the minimum 7-day
low flow that occurs once in ten years as the basis
for design criteria, inflows from fresh water tribu-
tarics to Mobile Bay were set at their 7-day 10-year
low flow (Q,, o) values for the dry weather
simulations, Use of Q., , flows for the wet
weather  simulations were considered inappro-
priately severe; therefore, these inflows were
doubled for the wet weather simulations.

Baseline Simulati

A series of baseline or no-action simulations
was completed to project water quality assuming
that Best Practicable Trcatment (BPT) for in-
dustrial discharges and secondary treatment for
municipal discharges would be attained, but that
no additional water quality regulatory action
would be taken. The baseline wet weather simula-
tions also assumed no action would be taken to
control urban storm water ranoff loadings. Two
sets of dry and wet weather baseline simulations
were completed, one for 1977 and the other for
projected year 2000 conditions. From the results
of the 2000 baseline simulations, estuarine seg-
ments with simulated water quality in violation
of applicable water quality standards were identi-
fied and used for further analysis.

Dy Weather Conditions

The dry weathcr bascline simulations indicated
that violations of water quality standards due to
point source discharges werc limited with one ex-
ception to the vicinity of the urban Mobile area
covered by the lower Mobile River fine grid model
segmentation. Figure 9 illustrates that simulated
BOD, concentrations exceeding 0.2 mgfl are found
only in the vicinity of urban Mobile and near the
ocean boundaries, while BOD; concentrations
over most of the Bay are quitc fow. This is inter-
preted as meaning that direct impacts of point
sources on Mobile Bay water quality and, in par-
ticular, on dissolved oxygen concentrations, arc
negligible except in the northwest comer of the
Bay where poorer water quality from the Mobile
River entered the Bay. The area of direct influence
of point source discharges simply does not extend
much beyond the mouth of the Mobile River.

Violations of applicable dissolved oxygen
standards due to point sources were simulated
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Figure 9. Simulated Distribution of BOD, Originating from
Point Sources and Boundaries..mg/l,

in Three Mile Creck, Chickasaw Creek, and in the
northwest corner of Mobile Bay just below the
mouth of the Mobile River. Figure 10 illustrates
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Figure 18.  Simulateq Current and No-action Future

Dissolved Oxygen, Profiles in Chickasaw Creek-Dry
Weather,

simulated dissolved oxygen concentrations in
Chickasaw Creek at low and high tide in Tesponse
to current {1977) and future (2000} baseline load-
ings. The 2.0 mg/l dissolved oxygen standard apphi-
cable downstream from Shell Bayou (River Mile
2.8) is violated as is the 5.0 mg/l standard applica-
ble upstream from Shell Bayou. Clearly vEIy poor
water quality in Chickasaw Creek currently occurs
and will continue to occur if point sources receive
only BPT,

In Three Mile Creck, simulated dissolved
OXygen concentrations with the bascline loadings
were also in violation of water quality standards.
Complete depletion of dissolved UXygen was simu-
lated over most of the creek. The maximum dis-
solved oxygen concentration simulated was less
than 2.0 mg/l, considerably below the 3.0 mgfi
standard.

The 3.0 mg/l dissolved oxygen standard in the
lower Mobile River was not violated using BPT
loadings as indicated in Figure 11, However, results
from the coarse grid model did indicate that the
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Figure 11. Simulated Current and No-action Future
Dissolved Oxygen. Profiles in the Mobile River—Duy
Weather,

5.0 mg/l standard applicable in Mobile Bay was
violated over a short reach immediatcly below the
mouth of the Mobile River,

In all other locations, no dissolved OXygen
standards violations due to point source discharges
were simulated. However, the simulations did
indicate that in some areas natural processes will,
under critical conditions, lower ambient dissolved
OXygen concentrations below 5.0 mg/l. :

Violations of thermal water quality standards
using the baseline loadings were simulated due to
cooling water discharges from two electrical gen-
erating facilitics, the Chickasaw Steam Plant

‘»



located on Chickasaw Creek, and the Barry Steam
Plant located on the upper Mobile River. Stmulated
temperatures in cach case violated both aspects
of the temperature standard allowing maximum
temperatures of 32,2°C (90°F) and maximum tem-
perature increases of 2.8°C (5.0°F) above natural
background.

Wat Weather Conditions

The wet weather baseline simulations were
intended to demonstrate the effects of urban
storm water runoffl from the critical 1-inch, l-hour
storm on cstuarine water gquality. Water quality ef-
fects of the urban storm water loadings gencrated
with the STORM model previously discussed were
analyzed using the DEM for current (1977) and
projected {2000) land use conditions. Results of
simulatiens indicate that urban storm water loads
are not responsible for violations of water quality
standards in arcas where watcr quality standards
were attained during dry weather. However, the
wet weather loadings increased water quality prob-
lems caused by dry weather bascline waste loads.
Dissolved oxygen concentrations are depressed in
Chickasaw Creck duc to the storm water loads. Dis-
solved oxygen concentrations in the Mobile River
are almost unaffected by the storm water loads.

Figure 12 illustrates dissolved oxygen responses in
Three Mile Creek to the critical storm loads. At
8
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Figute 12. Three-Mile Creek Simulated Cuwrent and No-
action Future Dissolved Oxygen Responscs to Onc Inch,
Oune Hour Storm.

node 15, located at the mouth of Three Mile Creek,
the storm causes anaerobic conditions to develop
within hours after the storm. Upstream at node 22,
dissolved oxygen concentrations temporarily in-
crease to almost 7.0 mg/fl due to the oxygenated
runoff entering the Estuary. Development of anaer-
obic conditions rapidly follows.

The winter wet weather bascline simulations
indicated that urban storm water discharges
would elevate fecal coliform concentrations to
170 MPN/100 ml in Chickasaw Creek, 810 MPN/
100 ml in Three Mile Creek, and 220 MPN/100 mi
in Dog River. Only the Dog River concentration is
in violation of present standards. It should be
noted again that the simulations indicate that
neither urban storm water nor adequately disin-
fected point source discharges arc responsible for
the relatively high levels of fecal coliform bacteria.
Both of these sources are relatively small compared
to the loadings from upstream runoff.

Maximyum Allowable Waste Loads

Following identification of those areas where
secondary and BPT point source discharges or
urban stormwater runoff loadings were responsible
for violations of water quality standards, a series
of simulations was performed to determine the
fcvels of point source and urban stormwater
toadings that would provide for the attainment of
ambicnt water quality standards under critical
conditions. It should be emphasized that these
pollution limits were derived for the existing
outfall configuration. Alternative outfall configura-
tions and treatment levels were evaluated later
in the modeling process.

Three Mile Creek

During dry weather, the water quality in Three
Mile Creek is principally affected by discharges
from the Grover Street and Three Mile Creek
sewage treatment plants, The simulations indicated
that the 3.0 mg/fl dissolved oxygen standard for the
Creek could be met if the combined total oxygen
demand from these two plants was limited to
526 kg/{day (1180 lbs/day) at their projected year
2000 flow rates. This total includes both ultimate
carbonacecus and nitrogenous biochemical oxygen
demand,

Even if point source loads arc constrained to
these limits, urban storm water nunoff would still
create anaerobic conditions in Three Mile Creek
annually or more frequently. Reduction of storm
water oxygen demanding loads from the critical
storm to approximately 65 percent of uncontrolled
loads would be required to maintain the 3.0 mg/l
dissolved oxvgen standard at all locations in the
Creck, This corresponds to a total ultimate car-
bonaceous and mnitrogenous oxygen demand of
3000 kg (6600 bs) per critical storm event.



Chickasaw Creek

Water guality in Chickasaw Creek 18 pnmanly
affected by waste water discharges from the P',xght
Mile Creek sewage treatment plant and the Chicka-
saw Lagoon, and from International Paper) C(}r'n.-
pany which discharges into Hog Bayou. The maxi-
mum daily load simulations indicated that the two
municipal treatment plants must be constrained
to a maximum carbonaceous and nitrogenous oxy-
gen demanding load of 159 kg/day (350 lbs{dfay) at
their projected flow rates to meet the applicable
5.0 mg/l dissolved oxygen standard for the reaches
of the Creek where these discharges are located.

The total maximum daily oxygen demanding
load required to attain the 2.0 mg/l dissolved
oxygen standard in Hog Bayou is approximately
249 kgfday (550 Ibsfday). With point sources con-
strained to these limits, no allocanon for urban
storm water loads is nccessary, since projected
storm water loads do not cause violations of water
quality standards in Chickasaw Creck.

Mobile River

Maximum allowable daily loads to the Mobge
River are not constrained by the dissolved oxygen
standards designated for the various reaches of the
River. The only simulated water quality violation
along the upper River resulted from the Barry
Steam Plant cooling water discharge. The maxi-
mum daily load simulations indicated that the
temperature increase in the cooling water must
be limited to 7.5°C (45.5°F) under critical con-
ditions if the thermal water quality standards for
the River arc to be attained.

Mobile Bay

Twao arcas in Mobile Bay were of direct concern
in the analysis of the total maximum daily loads:
1) the area immediately south of the Mobile River
mouth; and 2) the area adjacent to the proposed
outfall from the Theodore Industrial Park, Viola-
tions of the 5.0 mgfl dissolved oxygen standard
were indicated at the point where the Mobile River,
with a DO standard of 5.0 mgfl, enters Mobile
Bay. The violations did not exceed 0.5 mg/l and
were attributed to the abrupt change in standard at
the point of definition of the mouth of Mobile
River—the foot of Government Street. The viola-
tion occurred only along this reach from the foot
of Government Street to Choctaw Point, which is
really a part of the River rather than a part of the

Bay, No wuste load wts dL“-'t‘lUped for this
affected arey. R';uh(':'. It Wds recommended that d,
mouth uf the River be defined as Choctaw Poing

Analysis of the propused Theodore Iﬂduml-ja]
Park outfall was cnndulc::cd 0 two phases, fiy
aternative outiall Tocations were evaluated y
the mathematicad model, and then further evalualeg
using the (:‘,”-P\ t{t E ng_inuvr.c’ physical maodel,

Evaluation of the 11\.'(‘ a[[urnalme discharge Sites
selected  was accomplished  with the Dyvnam:
Estuany Model {DEAD using the se o

L - X gmentation net.
works previously deseribed in Figures 5 and 8. The
coarse ynd neiwork was altered slightly to refle
the addition of a spoil istand and the dredge]
Theodore Ship Channel.

The water gquality (mass transport) module of
the DEM was applicd to simulate the dispersion of
conservaus e {racer) constituents discharged fron
the five sites. Initial concentrations of the congr
valive tracers in all Junctions were set at zeto,
Two mass transport simulation runs were ma,
ore showing the effects of inital release of the
tracer constituents at low stack water and the other
showing the effects of initial tracer release at high
slack water. The simulated tracer discharge to eah
site was 142 m¥ fsee (5.0 cfs) with a concentration
of 30,000 my/i, comesponding o a mass emission
fate of approximately 366,000 kg/day (807,000
Ibsfday). The sites were also evaluated on the
Physical model of Mobile Bay maintained by the
Corps of Engincers a1 the Waterways Experiment
Station in Vicksburya, Mississippi. Dye relcases wer
made atr cach outtall location and resulting dis
PETSinn patterns were observed under the same
ambicnt conditions as those used in the mathe
matical maodcling. Based on the results of thex
IWo modeling efforts and considering the ultimate
fate of the plumes with regard to known existing
oyster reefs, the A-3 outfall was recommended
s the optimum discharge location. Simulations of
the water quality cffects of this recommended
outfall did not reveal any significant effects, ad
changes in constituent concentrations as a resit
of the proposed discharge were negligible. Calew
lations were performed for both conservative
reactive parameters in order to determine the rangt
of concentrations that would result from the ?ﬂ'“‘]
anticipated users of the pipeline. This analysis %3
further extended in the mathematical and physicdl
modeling to determine the maximum allows!
daily loads that would achieve water quality
Standards for protection of shellfishing waters. '
Simulations indicated that the maximum &
Onacegus and nitrogenous oxygen deman
load at the point of discharge to attain the 5.07
dissolved oxygen standard would be approximat



4535 kg/day (10,000 Ibs/day). In addition, a total
coliform count of 1000 MPN/100 ml and a fecal
coliform count of 200 MPN/100 m] would be the
constraining loads necessary to mect the shellfish
harvesting standard,

Daer River

The baseline simulations previously deseribed
did not include water quality projections for Deer
River after construction of the Theodore Industrial
Park and Ship Channel. However, a series of simu-
lations was conducted to project water quality in
the ship channel following project construction
and to develop maximum allowable waste loads.
The waste load allocation was structured n four
parts: 1} development of a segmentation network
for the DEM to represent the land cut portion of
the Theodore Ship Channel and barge canal exten-
sion; 2) development of average annual and critical
event storm water runoff loadings to the channel;
3) selection of values for key dissolved oxygen
budget parameters; and 4)simulation of storm
water runcfi cffects,

The segmentation network used to represent
the ship channel is schematically shown in Figure
13. Average annual and critical storm water runo{f
loadings were developed using the storm water load
generation model (STORM). The hydraulic and
water gquality modules of the DEM were operated
to simulate ambient dissolved oxygen levels in the
ship channel under three conditions: 1) without
either point source or storm water runoff loadings;
2) with average annual storm water loadings
treated as a continuous point source; and 3} with
time variant Joadings generated for the critical
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Figure 13, Segmentation Network for the Theodore Land-
cut Ship Channel.

storm. Table 15 presents the results of the waste
load allocation for the inland portien of the ship
channel. In summary, the simulations indicated
that even if point and neonpoint source loads are
cxcluded from the land cut portion of the ship
channe!, dissolved oxygen concentrations below
the 5.0 mg/l standard are expected due to benthic
uptake of dissolved oxygen and the extremely
low mixing, flushing and reaeration that can be
expected.

DATA GAPS AND LIMITATIONS

Several significant data gaps and limitations
should be recognized in connection with the water
quality assessment and mathematical modeling
performed in this study.

1) The analyses, evaluations and recommenda-
tions of the study are based strictly on sampling
in the water column. No account was taken of
waste deposits in bottom samples, especially the

Table 15. Theodore Ship Channel Waste Load Allocation Summary

Node Reaeration Dissolved Oxygen Reaeration Equivalent Excess Demandst
Coeflicient Reaeration Rate Benthic Uptake Deficit* BOD; NH,
dag«"l mg/l-day lbsfday g,."m2 -day Ihsfday Ibs/day Ibajday Ibs/day
3 0.06 0.15% 407 1.6 659 252 169 55
4 0.06 0.1% 463 1.6 752 289 194 63
5 0.06 0.15 585 1.6 851 36 245 80
6 0.05 0.13 374 1.6 610 236 158 52
7 0.06 0.15 232 1.6 377 145 97 32
g 0.17 (.48 100 1.6 159 59 39 i3
9 0.17 0.48 114 1.6 175 65 44 14
10 0.17 0.48 97 1.6 154 57 38 13

*Benthic uptake less reacration rate, External dissolved axygen demands not considered.

¥ Reacration defici* cxpressed as an equivalent amount of 5-day BOD excrtion or ammonia nitrification.
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poiential deposition of heavyj nllctals. L ond

2) Water quality stress limits are assessed Only
in terms of meeting the State water quality
standards. ]

3) The methodology emplo}_'f-‘d in_the non-
point source assessment resulted in the a}::!JllCﬁ_lllUR
of nonpoint source loadings from the typical
catchments actually sampled to simlln land use
types throughout the Mobile/Baldwm area. A more
accurate assessment of the nonpoint source m-
pacts from a particular area would require site
specific sampling, _

4) There is a paucity of data available on the
benthic oxygen uptake rates in the Mobile Bay
and Mobile Delta area. Further study should be
done in this regard. _

5} No biological sampling and analysis was
done in this study, and, to our knowledge, very
little biotogical data exists on a wide-scale basis for
the Bay area.

6) There are definite limitations that shouid be
tuken into account in the interpretation and appli-
cation of the mathematical model simulation
results. It should be noted that the model repre-
sents the prototype as a scries of well-mixed
rcactors between which both water and constituent
mass arc transferred as a function of concentration
gradients and relative heads. However, the well-
mixed assumption does not hold along the lower
Mobile River and dredged portions of Chickasaw
Creck and Three Mile Creek due to strong strati-
fication associated with the salt water wedge up
the Mobile Ship Channel. The water quality simu-
lation results in these areas are at best an average
of the sharply different levels of water quality
above and below the halocline. It should be recog-
nized that poor water quality in the salt water
wedge will persist regardless of the point source
pallution control strategy applied.

7) A more spatially detailed segmentation net-
work for the model, especially in the vicinity of
potentially serious point source impacts, could
reveal water quality effects that are impossible to
simulate with the coarse grid segmentation used as
the basis for the modeling work done in this study,

8) Pollutant accumulation rates and, therefore,
storm  water runoff loads used to accurately
calibrate the STORM model for commetcial and
residcn_tial land uses were smaller than reported
values in the literature {or other urban areas,

’ 9) The behavior of effluent plumes under vary-
ing hydrographic conditions in the Bay and Delta
has not been studied in great detail. Because the
hydrography of the area waters is dynamic and
complex, and effluent plumes could behave in a
number of different ways, the specific impacts
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of wastes discharged at any given poing canng;
stated with certainty, Our study was limiteq 3
its analysis to an cvaluation of only gpe hydre.
dynamic regime buscd O a4 non-stratified Waier
condition and 4 surtacmg plume. Acuy fieg
studies should be performed under g possibje
hydrodynamic regimes 1n order 1o MOre cop,
pletchy assess the impacts of effluent wastes g
the receiving walters,

10) Application  of  dispersion formulati
requires the determination  of many  equatjp
parameters. At present, for Mobile Bay, there
no determined values for these paramerers and
estimates bascd on assumptions and literagy
values must be utilized in calculating dispersigg
effects of wastes in receiving waters,

MANAGEMENT RECOMMENDATIONS

The following quantitative and qualitative sjte
specific management recommendations are baged
on the findings of this study.

1} The muansgement of sanitary point source
discharges should continue to be the responsibility
of the local municipal authorities presently per
mitted for such discharges. All sanitary waste treat
ment plants in the area should meet seconday
or better levels of treatment, and future pemit
conditions for each facility should be based on the
waste load allocation required to meet water
quality standards for discharge 1o receiving streams
as determined in this study or in the AWIC Basin
Plans and summurized in Table 16.

2) The management of industrial point soure
discharges should continue to be the responsibility
of the industries presently permitted for such
discharges. All industrial waste treatment plants
should meet BPT levels of treatment immediately.
Permit conditions for each industrial discharg
after 1983 should be based on the waste load
allocation required tv mect water quality standards
for discharge to receiving streams as determined
in this study or in the¢ AWIC Basin Plans ad
summarized in Table 16.

* 3) Intemational Paper Company should rele
cate its discharge to the Mobile River by 1983, ané
discharge should be permitted at present treanr!.lt:'l'll
levels since water quality in the River is insensit®
to higher levels of treatment. Other industna
point sources discharging to Chickasaw Creek
Three Mile Creek must cither connect to santtay
sewer systems or meet BPT treatment by 1983.

4) No point sources containing process waste
water should be permitted to discharge to Bayou



Table 16. Waste Load Allocations for Area Dischargers, Year 20040,

Discharger

2000(®)
Flow
(mgd)

2000
Population

Effluent

BOD; CBOD, NBOD, UOD Ammonia DO

Remarks

Causeway Seafood

McDuffie Island $TP

International Paper
Bag Pk.
{Discharge 001}

Fairhope STP

Grand Hote!l

Bill Ziebach STP

Bayou La Batre 5TP
{Discharge is to
Portersville Bay)

Patronnas Seafood
{Discharge is to
Aloe Bay)

Dauphin Island STP
{Discharge is to
Aloc Bay)

STREAM SEGMENT: MOBILE BAY (MS-] 25)

N/A 0001 (d)? (a)? @ @ (a) (@?

141,653 280k} 30 4 90 1350 g 3

N/A 0001  (d)? @? (@)?

12,285 2.00% 30 a3 90 1530) 2 2

N/A 30 45 o0 138 o 2

g,270 2.00%) 30 a5 90 138(®) 29 3

7,606 1.00'K) 30 a5 a0 138(P) ¢ 2

N/A 0.001 (e} {€) (c) (¢) (<) (e)

1,280(1) 0487 30 45 o0 1380 20 5
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Based on sewer secrvice
being provided to the
causeway by 1983, Must
connect to McDuffie
Isiand STP.

NPDES Permit is basis of
aliocation shown—upon
completion of expansion
in Feh, 1978 facility
adequate *‘as is."

NPDES Permit is basis
of allocation shown—

discharge to McDuffie
Island STP,

Mechanical system —treat-
ment level 1 required -
facility satisfactory *‘as
is.” (p)

Private mechanical sys-
tem—treatment level 1
required. (p)

NPDES Permit is basis
of allocation shown.
Mechanical system—
treatment level 1 re-
quired—facility satis-
factory “as is.” (p)

NPDES Permit is basis
of allocation shown-
design capacity adcquate
to 1983 when upgrade
to level 4-a should be
accomplished.

NPDES Perm:t is basis
of allacation shown.
BAT treatment required
in 1983 or connection
to Dauphin Istand STP.

NPDES Permit effluent
lirnits not established
yet—treatment fevel 1
required. Any future
treatment would re-
quire npgrade (o treat-
ment level 4-a. (p)




Table 16. Waste Load Allocations for Arca Dischargers, Yeat 2000, {Continucd)

2000{3)
2060 Flow Effluent
Discharger Population  {mpgd) BOD; CBOD, NBOD, UOD Ammonia 314 Remarks
Mallon Scafood NiA 0.001 () (e) (e} (e} (e} (e} NFPDES Permit is basis
{Discharge is 10 of allocation lhownT
Aloe Bay) BAT treatment required
in 1983 or connectian
1o Dauphin Island STP.
Water Front Seafood  NJA 0.110 - Nene -Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown {o}
LaForce Seafeod NjA 0.01 - None —Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown- {o)
Scafood Haven N{A 1.005 - None-Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown. (o}
Ramos Shrimp Co. N/A 0.03 - Nonc—Must connect to New Bayou La Batre STP, NPDES Permit is basis
for allacation shown. {o}
Blue Gulf Seafoad NJA 0.004 - Nonc—Must connect to New Bayou La Batre STP., NPDES Permit is basis
for allocation shown, (o)
Henry Johnson
Seafood NjA 0.008 - None—Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown. {o)
Mexican Gulf
Fishericy NiA 0.01 - None—Must connect to New Bayou Lz Batre STP. NPDES Permit is basis
far allocation shown. (o)
Waters Scafood NjA {f) - None—Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown. {o)
Sieiner Shrimp N/A 0046 - None—Must connect to New Bayou La Batre STP. NPDES Permit is basis
far allocation shown. {a}
Lyon Seafood Ca, N/A 0.01 - None—Must connect to New Bayou La Batre STP, NPDES Permit is basis for
allocation shown. {0}
Gulf's Best Seafood N{A 0.01 - None—Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown. {o)
Stark Scafvod NiA 0.001 - None—Must connect to New Bayou La Batre STP, NPDES Permit is basis for
allocation shown, (o}
Quaiity Foods, Inc. N/A 0.432 - None—Must connect to New Bayou La Batre STP. NPDES Permit is baxis
for allocation shown. (o}
Joes Seafood Co. N/A 0.007 - Nonc—Must connect to New Bayou La Batre STP, NPDES Permit is bases
for allocation shown., {o)
[
ndependent Seafood  N/A 0.01 « None—Must connect to New Bayou La Batre STP, NPDES Permit is basis

for allocation shown. {0}



Table 16, Waste Load Allocations for Area Dischargers, Year 2000. {Continued)

2000
2000 Flow Effluent
Discharger Pepulation  (mgd) BOD,; CBOD, NBOD, UOD Ammonia Do Remarks

Sieeles Seafood N/A 0.001 - Nonc—Must connect to New Bayou La Batre STP. NPDES Permit is basis
for allocation shown. (o)

Seaman Fisheries NIA 0.025 - Nonc Must connect ta New Bayow La Batre STP, NFPDES Permit is basis
for allocation shown. (o)

Sea Pearl Seafood NiA 0.01 - None - Must connect to New Bavou La Ba‘re STP. NFDES Permit is basis
for allocation shown. {o]

Bryant Seafood N{A 0.01 - None--Must connect 1o New Bayou La Baire STP. NPDES Permii is basis

for allocation shown. {o)

STREAM SEGMENT: MOBILE RIVER {MS-1)
Scott Paper, Sawmill

Sawmill “D" NIA 0787 () {e) (€) () (e] te}  NPDES Permit is basis of
allocation shown- -cooling
water, {o)
Searcy Hospital N/A 0360 30 45 18 g3tc) 4 2 NPDES Permit effluent

limits nat established
vet treatment level |
required - private lagoon
system discharge 10
Cedar Creek. (p)

Barry Steam Plant -

Alabama Power Co, N/A 1,156.0 {e) {e) e} {e} {e) {¢) NPDES Permit 15 basis

{Disch. 1) of allecation shown -
cooling water.

Barry Steam Plant—

Alabama Power Co, NiA 27.8 {e) {e) {e) {ed el {e) NEDLS Peomit ts basis

[Disch. 002) af allocation shown—
ash pond discharge.

Georgia Pacific NJA {f} (e) {e) (e) {e) {el (e} NPDES Permit is basiy
of allocation shown -
cooling water discharge
to Cedar Creek,

STREAM SEGMENT: MOBILE RIVER (MS5-2)

Virginia Chemicals NYA 0.13 (€] {c) (e) 3 {e) {c) NPDES Permit is basts
{Disch, 001} of allocation shown
cooling water o}
Virginia Chemicals NfA 0.278  200%#; (e} {e} (e) F70#/ 3] NPDES Permit is basis
{Disch. 0G2) day day of aliocation shown

with relocation of dis-
charge to Mobile River
by August 24, 1978, {a)



BOD, CBOD, NBOD,

Effluent

LoD Ammonia DO

Remarks

2000(2)
2000 Flow
Discharger Population (mgd)
Stauffer Chemical
Co. —Bucks NIA 0.196 {c}
(Disch. 001)
Stauffer Chemical
Co.—Axis NiA 1.40 300/
{Disch, 001) day
Halby Chemical NiA 0.02 (¢}
tDisch. 001}
Courtaulds North
America NiA B.20 24754/
day
Shell Chemical
Company N/A 0113 438w/

Aluminum Com-
pany of America
{Disch. 001)

Miller Transporters

Chevrop Asphalt

Sheill Oil Company
{Disch. 001 & 002)

Texaco (Disch, 001 }

NiA

N/A

Nja

NfA

N{A

day

c} (e} {e)

(¢} {e) (e}

(c) (e) {e)

(e) @) (e)

Fi

e} (e} (e)

{e) e}
(e) (e}
0.33#; {e)
day
(e) (e}

{e) (e)

STREAM SEGMENT; THREE MILE CREEK (MS5-3)

0.826  (m)

{f {e)
0.325 {m}
0.017 (o)
0.002 ()

(m}) (m} (m)

{e} (e) {e}

@} (m) m

(e) {C) [c)

{e) (e} 3]
60

im} {m)
(e) {c}
(m) {(m)
(e) (e)
{e) (e)

e ———

NPDES Permjy is bagy
of allocation shown-
B.—\Ttrcalmcm e
quired in 1983,

NPDES Permi; 15 basi;
of allocatjon shown—
BAT treaimeny Fequing
in 1983%,

NPDES Permir i basis
of allocation shown-

BAT treatmen required
i 1983, {o)

NPDES Permit is hagis
of allocation shown—
BAT treatment required
in 1983,

NPDES Permit is basis
of allocation shown-
BAT treatmem requing
in 1983,

Allocation for this dis
charger based on elim
nation of process waste
water discharge after
Juty 1, 1977 cooling
water anly.

NPDLES Permit is basis
of allocation shown-
BAT treatment required
in 1983 or connection
to STP.

Allocation for this dis
charger based on BFT
Guidelines.

Based on NPDES Fermit-
BAT treatment requited
in 1983. Disch. 001 i
stormwater discharge.

NPDES Permit is basis
of allocation shown.
Starmwater discharge-



Table 16. Waste Load Allocations for Area Dischargers, Year 2000, {Continued}

2000(2)
2000 Flow Efflucnt
Discharger Population  (mgd} BOD; CBOD, NBOD, UOD Ammonia DO Remarks
Union Chemical
Div. Union Oil N/A (f) (€} (o) (¢) {e) c) {¢)  NPDES Permit is basis
{Disch. 001) of allocation shown,
Stormwaicr discharge.
Kaiser Aluminum &
Chemical A 2.254 (e} (e) {c} 3] (e} (c) NPDES Permit is basis
(Disch. 001} of allocation shown -
discharge is from tank
fabrication and occurs
once per monh,
Gulf Oil Company N{A (f) () (e} {(e) (e) () (3] NPDES Permit is basis
of aliocation shown.
Stormwater discharge,
Amerada Hess N{A £3) {e) (&) (e) {e} {c) 3] NPDES Permit is basis
{Dsch, 001 & 002) of allocation shown.
Discharge 001 s starm
waler,
Ideal Cement Company N/A 0.980 (e} (e} {e} {e) {e) {3] NPDES Permin is basis
{Disch. 001 & 002) of allocation shown—
Cooling water and storm-
water discharge.
Triangle Refinery—
Choctaw Pt. N/A {f} {e) {c} {e) {e} {e) {e) NPDES Permit is basis
{Disch. 001) ol allocation shown--
Stormwater discharge,
Triangle Refinery—
Blakely Is. N/A 0.001 {e) (e} (e) {e) (e} (e} NPDES Permir is basis
{Disch. 001) of allocation shown—
Stormwater discharge.
American 04l N/A 0.0002 (¢} (e} (e) {e) {c} {e) NPDES Permit is basis
{Disch. 001) of allocation shown -
Stormwater discharge.
Alabama Dry
Docks N/A 0,42 {e) ] {e} {e) (e} {e) NPDES Permit is basis
of allocation shown—
cooling waler discharge.
Southern Railway
System N/A () 30 (e) (e) {e) (e} (¢) NPDES Permit is basis
of allocation shown—
BAT treatment required
in 1983 or connection
to STP,
Alabama Wood
Treating Corp. N/A 0.12 () (e) {e) {e) (e} (e} NPDES Permit is basis
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of allscation shown—
BAT treatment required
in 1983,



lablc b, Waste Load Allocations tor Area Dischargers, Year 2000, (Continued)

T

2000(2)
2000 Flow Effluent
Discharger Population  (mgd) BOD; CBOD, NBOD, LUOD Ammonia o Remarks
———
Scott Paper Company N/A 7640 22,177%/ () (&)  fe) te) ¥} Based on Nppgs
day for discharge 14 the
Mabhile River, BAT tray.
ment required iy 1983,
North Mobile
Industrial WWTP  N/A 34.630 15,8620/ (o) e e} te} t) NPDES Permit iy
day of ailocation shown.
BAT treaimen: requing
tn 1983 for relocaeq
discharge.
North Mobile
Regional STP Na o 83 50 4 %0 133th) o 3 Allocation based on g
(combines Prichard Eight Mile STP, Saraland STP and Satsuma Sewer Service Arcas} charge 1o Mobile Rivy
=§ Segment classified A 4]
5 {MS-3) ().
i Prichard Grover
. Strect STP 27,443 a0®) g9 45 90 133t} o 3 Allocation based on

meeting A & [ stapdard
im Maobile River {j).

Three Mile Creek
STP 82,530 100K) 35 45 90 133'8) o 3 Allocation based o1

meeting A & [ standird
in Mabile River (i).

STREAM SEGMENT: THREE MILE CREEK {MS-4)

Star Fish & Oyster N/A 0.288 {e) ie) {e) ie} te) tey NPDES Permit is basi
of allocation shown-
BAT treatment required
in 1983 or connection
to STP.

tinois Gulf

Central RR N/A 0.007 30 (e} (e} ic) te) (e) NPDES Permit is bass
of allocation shown-—
BAT treatment required
in 1983 or connection
to STP.

Frisco RR NfA 0.002 30 (e} (e) (e) (e} (e} NPDES Permit is bass
of allocation shown-
BAT treatment reguired
in 1983 or connectios
to STP.

Crown Zellerbach N/a 0.001 {e) {c) {c) (e} (e} (e} NPDES Permit is bass

of allocation shown—
BAT trearment reqé
in 1983,



Table 16. Waste Load Allocations for Area Dischargers, Year 2000. (Continued)

2000(2)
2000 Flow Effluent
Discharger  Population  {mgd) BOD; CBOD, NBOD, UOD Ammonia DO Remarks
Stone Container
Forp_ NfA 0.02 50mf (e) (e) (e) (e} {e) NPDES Permit is basis
{Disch. ¢01) day of allocation shown—
BAT treatment required
in 1983,
Stone Container )
Corp. N/A 0.15 {e) {e) {e} (e} {e) (e} NFDES Permit is basis
{Disch. 002) of allocation shown—

coaling water discharge.

Prichard Grover
Street STP 27,443 408 ;5 75 45 7B 1 3 Based on meeting A & 1
standard in Threemile
Creek see allocation
for relocation to Mobile
River.

Three Mile Creck
STP 82,530 100K 5 7.5 45 7 1 3 Based on meeting A & I
standard in Threemile
Creek - see atlpcation for
relocation to Mobile

River.
Maobile Rosin
0il Co. Na o 0ot® @ @ @ @) {d)? (d  Allocation based on
{Disch. 001) AWIC approval for dis-
charge to Threemile
Creek STP,

Alabama Dept.
of Conscrvation NfA {(f) €] (e} {e) {c} {e} {e} NPDLS Permit is basis
of allocation shown -~
discharge is from experi-
mental fish ponds.

Gulf Lumber
Company N/A 0.00% {c) {e) (e} {e) {e) {e} NPDES Permit is basis
of allocation shown—
cooling water discharge,

STREAM SEGMENT: CHICKASAW CREEK (MS-5)

Alabama Power—

Chickasaw Plant Nia  213.0 (c) (c) {e) (e) (<) {e) NPDES Pf.-rmit is basis
{Disch. 001) of allocation shown—

this plant is used only
for emergency power
generation.



Table 16, Waste Load Allocations for Area Dischargers, Year 2000, (Continued)

2000
2600 Flow Effluent
Discharger Population (mgd} BOD; CBOD, NEBOD, UOD Ammonia DO Remarks
Alabama Fawer—
Chickasaw Plant N/A 0.33 {e) {e) {e) {e} (e} (e) NPDES Permit is basis
(Disch. 002) of allucation shown -—this
plant is used only for
EMENgENcy PoOwer gencra-
tion.
Union Carbige NfA 1.817 (3] (e} ] (e} (e} {e} NPDES Permit is basis
{Disch. 003) of allocation shown—
BAT treatment required
in 1983 or connection
ta No. Mobile Industrial
WWTP,
Diamond Shamrock NiA 0,135 (e} {e} {e} (e} () {e) NPDES Permit is basis
(Disch. 0411) of allocation shown—
BAT treatment required
in 1983 or connection
to No. Mobile Industrial
WWTP.
Diamond Shamrock N/A 1.00% (e} (e) {e) {e) (e} 13 NFPDES Permit is basis
(Disch. 002) of allocation shown—
cooling water,
Kagle Chemical
Company NiA 0.21 (<) (¢) {e) {e) (e) i€ NPDES Permit is basis
of allocation shown-—
BAT treatment required
in 1983 or connection
to No. Mobile Industrial
WWTP,
[Inernational Paper
D.(“_’;““‘"f‘*’ NIA 332 @ @ @ @ {d' (d)'  NPDES Permit is basis
(Disch. 012) of allocation shawn.
International Paper
Company N/A - 250 {e) (e} {e) (&) (e) (e} NPDES Permit is basis
{Disch. 018) )
of allpcation shown—
cooling water.
North Mobile
Industri; : : k
ndustrial WWTP Nia o 34.68K) 9504, (o) (€) (e) () (¢} Based on mecting
day Navigation Standard in
Hog Bayou—see allo-
cation for relocation ta
Mobile River,
menean Cyanamid — N/A - 0.63 e} (o) (e) {e) (c) (€) NPDES Permit is basis
{Disch. 001) .
of allocation shown—
cooling water,
64




Table 16. Waste Load Allocations for Arca Dischargers, Year 2000. (Continued)

Discharger

2000

Population

2000(2)
Flow
{mgd)

BOD; CBOD, NBOD,

UOD Ammonia

Effluent
Do

Remarks

American Cyanamid
{Disch. 002)

Thompson Hayward
Chemical
(Disch. 001)

Thempson Hayward
Chemical
{Disch. 002)

Thompson Hayward
Chemical
(Disch. 003)

Hog Bayou STP

Chickasaw Lagoon

Prichard Eight-
mile Creek STP

NiA

N/A

N/A

N/A

3,500

9,600

22,188

0.30 (!

0.006  (e)

0.001  (e)

0.001  {c)

0.35(k) 30

1.50kb 39

STREAM SEGMENT: EIGHTMILE CREEK (MS-39).

2,22 3

(@'

()

(e)

45

45

4.5

(!

(e)

{e)

(e)

90

18

4.5

(@"

{e)

(e)

(e)

133(0)

61 ()

4(b)

(d)’

{e)

{e)

(e}

4 .

()’

{c)

{e)

(e

Based on AWIC approval
for discharge into No.
Mobile Industrial WWTP.

NPDES Permit is basis
of allocation shown—
BAT treatment required
in 1983 or connection
10 No. Mobile Industrial
WWTP.

NPDES Permit is basis
of allocation shown -
BAT weatment required
in 1983 or connection
10 No. Mobile Industrial
WWTP,

NPDES Permit is basis
of allocation shown—
BAT treatrnent required
in 1983 or connection
te No. Mobile Industrial
WWTP.

Based on Nav, Standard
with discharge 10 Hog
Bayou at treatment
bevgl 1oy

Based on meeting Nav.
standard with discharge
relocated below Shell
Bayou in Chickasaw
Creek or with discharge
at present location and
Nav. standard extended
to HWY. 43 Bridge as
recommended.

Allocation far this dis-
charger based on meeting
F & WL standard in
Eightmile Creek (i},



Table 16, Waste Load Allocations for Area Dischargers, Year 2000, {Continued)

2000(*)
2000 Flaw Effluent
Dischatger  Pupulation  (mgd) BOD; CBOD, NEOD, UOD Ammonia Do Remarks
Barber Pure
Milk Ca. Nia 005 (@ @ @)? (@) (d)? ()2 NPDES Permit is basis
(Disch. 001) of allocation shown—

discharge is to Prichard-
Eightmile STP. (o)

STREAM SEGMENT: DOG RIVER {MS8.47)

Mobile Pajnt

Mig. Co.--

Theodore N/A n @@ @y (d)? {d)>  Allocation for this dis-
(Disch, 001} charger based on AWIC

approval for discharge
Halls Mill Creek to Halls Mill STP.

STP BA 150 m) m) mp ) qm (m)  Allocation for this dis-
charger based on this
facility being abandoned
by April, 1979 with flow
going ta McDuffie Is.

STP.

CE‘: F oo NIA 167 () (o) €@ (e (e) () NPDES Permit is basis
{Disch. 001) of allocation shown—
cooling water discharge.

Union Carbide -

(l)ils;::ug;;c& NIA {f (e} () (e) (e) (e} {e) NPDES Permit is basis

102) ' of allocation shown—
discharge is to Alligator
Bayou—001 is hydro-
static test water, 002
is drum and starage
tank wash water.

STREAM SEGMENT: BAYOU SARA {MS$-87)

Burdiand ST 12,500 1.22 3 4.5 4.5 4[b) 1 5 Allocation for this dis-
charger based on mecting
F & WL standard in
Norton Creek (i).

Jacimoport Laguon NiA  0.007 19.3# /day(e) (e} 3] {e) {€) NPDES Permit is basis
of aliocation shown—
discharge is to Black

Creck.

STREAM SEGMENT: DEER RIVER {MS-116 & 1 19)
Aircu Alloys &

Carbide NAL e @ @ @ 2y {d)?  Allocation for this dis-
charger based on con-
necting sanitary waste
to Halls Mill STP by
July, 1979 and reuse

of cooling water.




Table 16. Waste Load AHocations for Area Dischargers, Year 2000, {Continued)

2000(2)
2000 Flow Effluent
Discharger Population (mgd) BOD; CBOD, NBOD, UOD Ammonia Do Remarks
Marion Refining
Co, N/ 0.072 44.9%/ (] (¢ (e) () () NPDES Permit is basis
{Disch. 001 & {001 only} day of allocation shown —
002) BAT wreatment required
in 1983, Discharge 002
is stormwater.
Kerr-McGee NiA 0.026 (e) {e) [13] {e) {2) {e) NPDES Permit is basis
of allocation shown—
cooling water and storm-
water discharge.
Degussa NiA 2.7973 6 9 13 20 2.9 2 Allncation for this dis-

charge based on discharge
1o A-3 site in Mobile Bay.
{a)

STREAM SEGMENT: TENSAW RIVER (M5-54)

Alpine Laboratories N/A 0.018 {c) {e} e} {e) {e) {c) NPDES Permit is basis
of allocation shown, {o)

Bay Minette
Westside Lagoon 1,233 0.225(K) 30 45 18 63lc) 4 2 Lagoon system treat-
ment level 1 required -
facility satisfactory “as
is.” (o) (p)

Tensaw Fertilizer N/iA i (e} {e) {e) {e) {e) {e) NPDES Permit effluent
lirnits not cstablished yet,

STREAM SEGMENT: BLAKELY RIVER (MS-54)

Spanish Fort
Estates 3,400 0.54(k) 30 45 18 61 (b) 4 2 Private lagoon system,
NPDES Permit effluent
limits not established
yet. Treatment level |
required. {p)

Lake Forest
Development 3,00 125K 80 45 90 133(®) g 9 Private mechanical sys-
tem. NPDES Permit
effluent limits not
established yet. Treat-
ment level | required.'P

STREAM SEGMENT: BON SECOUR RIVER {M5-114)

Aquila Seafood NiA 0.001 (n) (o} (n) {n) (m) (n) Allocation will be made
after further study.
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Table 1 6. Waste Load Allocations for Area Dischargers, Year 2000. (Continued)

20002}
2000 Flow . Fifluent
Discharger Population  {mgd) BOD; CBOD, NBOD, UOD Ammonia DO Remarks

Grass Seafood NiA 0.001 {n) {n) {n} {n) {n) {n) Allocation will be made
afrer further study.

Plash's Seafood NiA 0.003 (n) n) (n) fo) in} {n} Allocation will be made
after further study.

Qyster Bay Scafood NiA 1.001 {n) {n} (n) {n} (n) {n) Allocation will be made

after further study.

Bon Secour ) i
Fisheries N/A 0.0%4 {n) (n) {n) {n) {n} {n) Allocation will be made
after further study.

Gull Shrimp . )
Company N/A 0.01 fn} (n) {n} {n} in) {n) Allocation will be made
after further study.

STREAM SEGMENT: FISH RIVER (MS-103)

%ars, [nc, NIA 0.21 13.26%/ (e) {c) {e} {e) {e) NPDES Permit is basis
day of allucation shown—
BAT treaument required
in 1983. (0] (p)

j.axley Lagoun 1,114 0.16 30 45 18 63t 4 2 Lagoon system treatment
level 1 required —facility
satisfactory “as is.”” (o) (p)

STREAM SEGMENT: TRIBUTARY TO McCURTIN CREEK {P5-20)

Haldwin Pole
Fiting Company NiA 0005 cceemenamseme e No discharge allowed----———--—even NPDLS Permit is basis
of allocation shown. (g}

STREAM SEGMENT: HOLLINGER CREEK {P8-33)

Bay Minenie STP 7,767 1.000 20 30 36 ﬁﬁ{b) & 3 Mechanical system —
treatment level based on
meeting A & T standard
in Hollinger Creek.

Reicheld Chemical,
Inc. N/A 0.250 250%#/ (e} (el (e} {e) {e) NPDES Permit is basis

{1nsch. 001) day of allocation shown-——
BAT treatment required
in 1983 for discharge
to Hollinger Creek —
Present treatment is
adequate for discharge (o
Bay Minette STP.



Table 16. Waste Load Allocations for Arca Dischargers, Year 2000, {Continued)

2000(2}
2000 Flow Effluent
Discharger Population (mgd) BOD. CBOD, NBOD, UOD Ammonia Do Remarks

STREAM SEGMENT: TRIBUTARY TO STYX RIVER (P5-3)

Kaiser Aluminum NiA 0,003 {e) {c) ie) {e) 03] (e} NPDES Permit is basis
af allocation shown. (g}

STREAM SEGMENT: ROCK CREEK (P5-26}

Robertsdale $ TP 3,800 0550 30 45 8) 1210} 20 5 NPDES Permit is basis
[pruposed of aliocation shown.
design flow] ig)

STREAM SEGMENT: WOLF CREEK (PS-37)

511

Foley STP 4,800 1.000 20 30 36 ﬁl(b) ) NPDES Permit is basis
{proposed of allccation shown. (g)
design flow

STREAM SEGMENT: INTRACOASTAL WATERWAY (MS-11 5}

Gulf Shores STP 5,500( 1.6 20 30 36 s1Pt 8 5 NPDES Permit is basis
(proposed) of allocation shown for
design capacity) discharge 1o Intra-

coastal Waterway.

Gulf Coast White
Knight Seafood NiA 0.013 {n) {n} {n) {n) {n} {n) NPDES Permit eftluent
(Gulf Shores} limits not established
yel—BAT treatment re-
quired in 1983 or con-
nection to Gulf Shores

STP.
Ala. Dept. of Con-
servalion N/A if) {n} {n) {n} {n) {n} (n) NPDES Permit effluent
{Gulf Shores) limits not established

yet—discharge is from
experimental fish ponds.

STREAM SEGMENT: PUPPY CREEK (ES-3)

Citronelle Lagoan 2,761 0268 30 45 18 63t} 4 2 Lagoon system—treat-
ment jevel 1 required -

facility will nced to be
expanded and upgraded
in 1983. {p}

{a) 2000 flows shown for municipal dischargers arc cither the listed design flow of the cxisting treatment facility or the
flow anticipated from 95 percent of the 2000 projecied population of the plant's service area (@100 gpcd), whichever
is greater, unless otherwisc noted, 2000 flows shown for industrial and semi-public dischargers arc the listed design flow
of the treatment facility unless otherwise noted.
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{b} UOD=15BOD, {or CBON,) + 4.50 Ammonia {or NBOI, ) - Eftluent DO.

{c) LOD=15BOL, (or CBOD,) + 4.57 Ammonia {or NEOD,)--rounded ofl 16 nearest whole number,

(d) Discharge to North Mobile Industrial Facility (d)* or STP ().

{¢} NPDES Permit dues not indicate allocations for these parameters.

(i) No tlow dala available.

(zg) o population data available,

{h) Aliocation shown reflects NPRES interim limits which expire 6/30/77.

(it Sev North Mobile Municipal Allocation,

() Projected population data for plant service area deferred - will be developed by the South Alabama Regional Planning
Commission,

{k} Listed design flow ol Tacility.

(1} Boh 2000 population and flow vary considerably throughouwt year due to tourist influx and departures {sce completed
Facilitics Plan {or details).

{m} Liminavon ot diseharge.

(n) Adlocation [or ihese paramerers (o be muade al 1 bater date.

fo} Alocation developed by Alabama Water Imprevement Commission in Basin Plan.

(p) The level of reatment may be defined by the expected effluent quality discharged from a well operated lagoon system
o mechabival sewage trewtment plant, The effluent characteristics for each are somewhat dilferent. The primary ele-
ment of 4 Yagoon wstem is o stabilization pond at Level 1. It would be expecied o discharge an cffluent with the
following vharecieristics: BOD, = 45 mg/l, BOL, © 30 mgf, NH; - N =4 mg/l, and DO =2 mg/l. The primary ele-
ments ol 4 mechsnival system are pretreatment, sedimentation, acration, and chlorination. At Level 1 such an activated
sludee plani would he expected wo discharge an effluent with the following characierisiios: BOD,, = 45 mgfl, BODg =
30 mgil, NHy - N hmgdl and DO 7 2 mgil. As the level of treatment increases, the quality of the ¢ffluent improves.
(Source: Water Quality Mupagement Plan-Mobile River Basin, Alabama Water Improvement Commission, August,
1976, IN-9 through 1X-12).

tq) Tenuanive allocstion pending completion uf the Theodore ELS,

Sary, Norton Creek, Eight Mile Creck, Halls Mill &) Sanitary landfill sites and other necessary
Creck, Listava Creck or Dog River. waste disposal sites should be ideatified for evalua-
#5) The discharge of contaminants into the tion by appropriate local and state authorities as
Theodore Ship Channel and Barge Canal Exiension potential {ocations for disposal of municipal and
shonld nor be permitted. The collection, proper industrtal  residual  wustes, including toxic and
treatmwnt and disposal ol wastes generated in the hazardous matertals.
arca should he the responsibility of a single aw- %) Fach county and locul government in the
thority, Bisposil ol wustes should be by outtfull Mobile Bay arca should adopt and enforee a sedi-
Lo the A3 site in Mohbile Bay with permit con- ment and erosion control ordinance, and reguire
dittons fon cach  imdwidual user of the outlall that drainage plans be submitted [or construction
based on the waste load allocation required o sites and new developmentactivitics, These drainage
meel water gquabiey standards Tor discharge to the plans should identily the magnitude of the storm
Bay and the waste contrel concept lustrated water runelt befare development beging, and
in Figure 14, should specify the management praciices that will
6} All semi-public and private point source  be utilized during and alter construction to main-
discharges alony Battleship Parkway should be  tain the same storm water rate of low as existed
climinated. To sccomplish this, it is recommended before development began,
that an interceptor be constructed to connect 10} A monitering program should be developed
the Parkway, including Pinto Island and Blakely for Three Mile Creek o assess the effectiveness
[shand 10 the McDuftie Island STP. of cxisting and preposed drainage projects and the
# 7)The Grover Strect and Three Mile Creek implementation of management practices for the
sewage treatment planis should discharge their control of urban storm water runoff,
wastes through o single outfall to the Mobile 11} No [urther development should be approved
River by 1983, in the 100 year flood plain or in areas with severe

septic tank limitations unless propeily operating
*These recommendations are under further  sewer collection and treatment sysiems are avail-
study at the request of EPA and AWIC. Any imple-  able.

menting actions will depend upeon the results of the The following recommendations arc based on
study which may conlirm these recommendations  data gaps and limitations identified during the
or mayv recommend other alternatives. course of this study.
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Figure 14. Theodore Waste Contrel Concept,

1} A closely coordinated *“total™ study design
of Mobile Bay and Delta should be organized and
implemented. This study should involve technical
and financial input at the federal, state and local
levels, and cover the full range of physical, chemi-
cal, biological, and climatological data necessary to
provide the basis for informed decisions that can
be made with a high degree of certainty.

2) In order to assist in the decision-making
process, an adequate predictive tool in the form
of a stratified computer model should be de-
vcloped. The model should be calibrated and veri-
fied on the basis of data collected and made
available for use at the local, state, and federal
levels tu all who would benefit from it.

3) All existing data and all data collected
during the proposed “total” study should be com-
puterized and made available for use to all who
would benefit from it. The data base should be
periodically updated so that fairly current informa-

n

tion is always available to researchers, decision-
makers, industrialists, environmentalists, devel-
opers, and others,

4) As technology becomes available, all treat-
ment systems should he required to upgrade to
eventually achieve zero discharge from point
sources so that Bay and Delta water quality may
also be upgraded.
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HYDROGRAPHY AND CIRCULATION OF MOBILE BAY

William W. Schroeder and W, Ross Lysinger
Marine Science Program
The University of Alabama
Dauphin Island Sea Lab
Dauphin Island, Alabama 36528

ABSTRACT

Mobile Bayv’s salinity regime ranges from Bay
wide influence of high salinity Gulf of Mexico
waters during extended pertods of low river dis-
chuarge 1o dominance by freshwater under floeoding
river conditions. However, no set scasonal satiniy
pattern exists because of the river svstem’s high
degree of variability on day <to<lav, month-to-month
and vear-lo-year time scales, On the other hand the
Bays thermal regime has w well delined scasonal
structure directly linked (o atmospheric tempera-
tures, Circulation is poorly understood. 1t appeuars
1o be a two taver system even though the Bay s
very shallow. Surlace drogue studies suggest a
highly variable system in the lower Bay.

BACKGROUND

The environmenial components that produce
the hydrograpiny! and circulation of Mobile Bay
arc presented in Table 1. The components are
grouped into five catcgories: (1) Mobile Bay Basing
(2} Oceunic; {3} Continental; {4) Atmospheric; and
{5} other. Fach component is divideed in the Table
mto its: {1} Function; (2) Time Rate ol Change;
(3) Relative Importance to Salinity, Temperature
and Circulation; and (4} Sensitivity to Impact from
Man. The description of the hvdrography and cir-
culation of Mobile Bay generaliy will follow the
structure of Fable 1.

In a simple form the fundamental requirements
of an estuary may be cxpressed as:

Semi-enclosed Coastal Basin + (“Salt waters”
mcasurably diluted by “Freshwater™) = Estuary.

Table 1 lists the above components as **Basic Con-
stituents,”

lFur the purpase of the Mobile Estuary Symposium the term "1y~
drography” is defined 1o include unly the parameters salinity and
tenmperakure.

The Mobile Bay basin has been described in the
mtraduction 16 these proceedings and is illustrated
here i Figure 1. Important features to keep in
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Mobile Bay, Alabama, Constructed of data ab-
tained from National Ocean Survey Chart No.
11376 (31st Ed. November 5, 1977) and un-
published U.S. Army COE sources.

mind arc (1) triangular shape with the long axis
running north-south; (2) relatively shallow overall
but with significant exceptions (i.e. East Main Pass
and the castern side of the middle and upper Bay);

Figure 1.
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Table 1. The Components of the Hydrographic and Circulation Regimes of Mobile Bay.

FUNCTION

COMPONENTS

SENSITIVITY
TO IMPACT
FROM MAN

RELATIVE
IMPORTANCE® TO:

NATURAL TIME
RATE OF CHANGE

‘e
(,l"
2

I
&
b

oy

1 Mobile Bay Busin
A) Areal Shape

B} Bathymoctry

~

ENIR

) Occean (exchanges
through Main Pass)
A)  Northeast Galf
of Mexico Warer
salinitivs 2> 28.0 ppt)

B)  Astronomical Tides

Continental

) Fresh Water™”
(salinities </ 1.0 ppt)
Mobile River System
Dyischarge

i

13y

() Flows from small A/
rivers & streams
Unchanncled Land

Runaotf

D)

6

]

IV Other
A)
B}

©)

cal

:\.h/

Winds

Air Lemperature
Precipiiation (di-
recilv on the Bay)

M} Evaporation

s A A

Other
A)

V)
lixchanges X
Water with Fast
Mississippi Sound
Exchanges of Water
with intracoastal

B}

channel on Rildwin
Counny

re
~1

at . - . .
Tyectory quantiny: baving both dircetion amd magnitude.
(I8} . . .

"Scalar quantity - having magnicude only.

’ . . .
“"Blank to 10 scale is cquivaient 1 no imporance 1o very imporiant,

(3) major openings to the Gulf of Mexico and Fast
Mississippi Sound in the southwest corner; (4) a
major river system delta at the northem end; (5)
a large, rclatively isolated area in the southeast
corner, Bon Secour Bay; and (6) numerous man-
made channels, the principal one being the Main
Shipping Channel (120 m x 12 m) running from
Main Pass to the Port of Mobile,

Occanic conditions for the Mobile Bay Estuary
arc defined as waters with salinities > 28.0 ppt,
which occurred 94% of the time during 35 26-hour
sampling periods at East Main Pass (Schroeder
1976 and 1977c) and have been given the name
“Northeast Gulf of Mexico Coastal Waters”’ (Shroe-
der 1979). The exchange of these waters between
the Gulf of Mexico and Mobile Bay occurs almost
exclusively through Main Pass. There is some evi-
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dence (Schrocder 1976 and 1977c) that suggests
that occasionally waters with salinities > 28.0 ppt
are exchanged through Pass aux Herons but the
route these waters are traveling is not clear because
their immediate past history is unknown.

The driving force for the “Oceanic” constituent
arc the astronomical tides, For coastal Alabama
these tides are principally daily with an average
range of < 0.5 m. During the period of greatest
tides, known as “tropic tides,” the range can reach
0.8 m, while during the smallest tides, known as
“equatorial tides,” the range can be < 0.1 m. Pe-
riods of semi-daily tides usually occur twice a
month for one to three days at a time. Additional
information on tides can be found in Marmer
(1954) and McPhearson (1970).




‘The Mobile River System provides approxi-
mately 95% of the freshwater received by Mobile
Bay {Schroeder 1978). Pertinent statistics of the
Mobie River System relative to it discharging into
Mohile Bay are presented in Table 2, Average dis-
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Figure 2, Mobile River Sysiem Average Discharge into
Mobile Bay for Each Water Yecar Over the
Period 1929-1978,

charges into Mobile Bay for cach water vear over
the period 1929 10 1978 are compared to the 50
year average discharge in Figure 2. Monthly average
discharges for water years 1973 and 1978 arce pre-
sented in Figures 3 and 4 while daily average dis-
charges for water years 1974 and 1977 appcar as
Figures 5 and 6. Table 2 and Figures 2 through 6
clearly show that the river system in highly vari-
able on day-to-day, month-to-month and year-to-
year time scales.

Specifically, Figure 2 shows that over the past
six water years (1973 to 1978) the average dis-
charge of the system has been above the 50 year
average and therefore the Bay has been under
heavy riverine influence. Conversely, during 1950
to 1957 the average discharges were helow the 50
year average and, therefore, the Bay was influenced
more by the Gulf of Mexico. For the remainder of
the record period the average discharges fluctuated
up and down across the 50 year average every one
to four years.

Winds arc an important driving and modifying
force for Bay processes. The dominant wind ficlds
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Figure 3. Mobilc River System Monthly Average Dis-

charge into Mobile Bay for Water Year 1973
Compared 1o the 47-Year Average Monthly Dis-
charge {1929-1978),

are a northwest to northeast system during the fall
and winter and a scutheast 1o southwest system in
the spring and summer. A land-sca breeze sysiem
often prevails during the summer, and multiple
day periods of light variable winds to calm may
accur during any scason. Detaled meteorological
observations, made at the Dauphin Island Sea Lab,
are presented in Schroeder (1976 and 1977¢).
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HYDROGRAPHY

Salinity

Mobile Bay’s salinity regime encompasscs di-
rect, Bay wide influence of high salinity Gulf of
Mexico waters during extended periods of low
river discharge at one extreme to near dominance
by freshwater under flooding conditions at the
other extreme. Salinity? values ranging from Oto -
36.0 ppt have bcen observed in the lower Bay
(Schroeder 1976 and 1977c) while in the upper
Bay the range is 0 to -24.0 ppt (Schroeder 1978).

Because the salinity regime varies principally as
4 function of the discharge rate of the Mobile River
System (McPhearson 1970 and Schroeder 1978
and 1979), which has been shown to be highly
variable {Table 2 and Figurcs 2 thru 6), no set sea-
sonal salinity pattern exists. What can be said is
that the lowest salinities arc present normally
sometime between February and May when high
river discharge and flooding ordinarily occur and

2Salinity values in any of the dredged channels, because of their
depths (up to 12 m), are artificially higher than adjacent undredged
Bay bottom. Therefore, the bottom salinity fields considered in
this paper, unless specifically stated, will not utilize dredged chan-
nel data but rather will consider, for channel stations, the one-to
four-meter water column values depending on the depth of the
adjacent bottom plane. This procedure is not meant to suggest that
these channels do not play a role in the hydrography of Mobile

Figure 6. Mobile River System Daily Average Discharge Bay, for they certainly provide avenues for high salinity waters to
into Mobile Bay for Water Year 1977, mave around in the Bay.
Table 2. Mobile River System Statistics (Modified From Schroeder 1978). N
1)  Average discharge ® into Mobile Bay - 1929 to 1978: 1,815 m? sec”!
2} 10 and 90 percentile discharges® into Mobile Bay - 4,250 m? sec’! and
1929 to 1978: 370 m? sec’!
3} Maximum time rate of change:
8-10 Day Period +4,000 to 6,000 m> sec”!
15-20 Day Period + 8,000 to 10,000 m? sec’
4) River Discharge categories:
Low <500 m? sec’’
Moderate 500 to 3,000 m? sec’!
High 3,000 to 7,000 m> sec”!
Flooding > 7,000 m3 sec’?

aciculated from data collected at the USCG gauging stations at Coffeeville (Tombigbee R.) and Claiborne (Alabama R.),

Alabama.
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the highest salinitics arc present normally some-
time hetween August and November when Jow
river discharges ordinarily oceur.

Selected [lield surveys and sets of time scrics
data will be utilized to illustrate the wide degree of
varizbility found in the salinity regime. Bathymetric
features can play a controlling role in salinity dis-
tribution patterns. For example, the bathymetry of
the castern and western sides of the upper-middle
Bay arc significantly different {Figure 1). The
vastern side has an average depth of -4 m at mean
low water (MLW) and snumcrous depressions (dia-
meters < 1 km) with maximum depths of -7 mat
\MIW while the western side has an average depth
of -% m at MLW and is gencrally uniformly flat
with maximum depihs of -4 m at MLW (Schroeder
1979). The bottom salinity ficld depicted in Figure
7, when compared to Figure 1, shows the higher

Bottom Salinity (ppt) Field in Mobile Bay
During November 1, 1978, Low river discharge,
high tropic tide and winds calm,

Figure 7.

salinity waters (i.c. higher densily waters) outlining
the deeper areas of the eastern bay and the lower
salinity waters (i.e. lower density waters) outlining
the shallow arcas of the western bay.

The only major barrier to cast-west movement
ol water is the north-south running spoil bank
located on the western side of the main shipping
channel east and south of the Dog River area (Fig-
urc 1). The spoil bank system rises 8.5 to 1.5 m
above the 2.3 to 2.9 m bottom plane, thus, inter-
fering with the bottom water movements but not
surface water movements, The impact of this man-
macde bathymetric feature is dlustrated in Figure 8.

& Sizrar bgrotans

= Tantings. 5 Mandgnng
aitrurrert _nratens

Bottom Salinity {ppt) Ficld in Mobilc Bay
During September 5, 1978, Low river discharge,
cquatorial tide and winds variable < 10 k.

Figure 8.

The 14 and 10 ppt isohalines on the westem side
of the Bay outline the shallow depths depicted in
Figure 1 and show that east-west exchange of bot-
1om waters is restricted in this region, The surface
salinities during the same survey (not illustratcd)
ranged from 7.0 to 10.7 ppt and had an areal dis-
tribution pattern totally independent of bouttom
features. In the southern half of the Bay the vld
spoil bank system associated with the main ship-
ping channel is essentially non-existent today
(Schroeder and Lysinger, unpublished data). There
are no major barriers to north-south water move-
ments, however, the east-west running spoil banks



associated with the 1ollingers Island Channel con-
tribute 1o some degree Lo the isolation of bottum
waters In the area cast of Dog River (Figure 8). The
spoil bank associated with the Gull Intracoastal
Waterway in south Bon Sceour Bay partially isolate
the bottom waters in that area.

The interaction of the local winds is best sum-
marized by Schroeder (1978):

Because of the Bay's lurge surtace area and
shallow depth the wind can be both an impor-
tant driving {orce and a modilying lorce. Winds
with a nertherly component compliment river
flow and move river influence toward the lower
Buy. The opposite condition oceurs with
southerly winds that move offshore waters into
the Bav and, therelore, move river influence up
the Bav, Winds with cust or west components
tend to push the surface waters to the opposite
siche of the Bay ind consequently there is often
a complimentary shift of the bovtom waters 1o
the windward side ol the Bay, Westerly winds
are certain (o pley o role during some ol the

Figure . Surface (dashed} and Bottom (solid) Salimity
(ppt) Fields in Mobile Bay During January 16,
1978. Moderate river discharge, low tropic tide

and winds cast southeast << 10 k.

periods when river waters are moving south

alony the castern shore, Mulu.day periods of

strong sustained winds can mix the entire Bay

vertically, except {or the decper areas,
Astronomical tidal action from the Gulf of Mexico
can result in north-south shifting of salinity fields
on a daily time scale. During maximum amplitude
tropic tides northsouth changes of 6 to 10 km
have been ubserved (Schroeder 1979). On the
other hand, during minimum amplitude equatorial
tides, little or no movement is observed.

Figures 9, 10 and 11 are presented to illustrate
the wide variabilitv that has been observed in the
structure of the salinity regime in Mobile Bay. In
all three examples signilicant longitudinal, lateral
and vertical variations predominate. The salinity
regime across Main Pass during periods of oceanic
dominance and river system dominance are de-
picted in Figures 12 and 13, respectively,

Time scries data can be used to delineate the
changes that take place at a fixed location over
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Figure 10. Surface (dashed) and Bottom (solid} Salinity
{ppt) Fields in Mobile Bay During December 2,
1978, Moderate to high river discharge, low
tropic tide and winds northwest to northeast at
10 k.
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time, During portions of 1978 a network of con-
tinuously reeording  refractometer-hermograph
instruments (ENDECO 101 units) were deployed
in Mobile Bay (Figure 14). Results from this
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project are utilized here to illustrate the dynamic
nature of the salinity regime over time periods of
days to wecks. Figures 15 and 16 present selected
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Figure 15. Time-Series Salinity {ppt} Data for Mobile Bay,

February and March, 1978. Sce Figure 14 for
slation locations,
ime series data sets of salinity during a flooding
and high river discharge period and a high to low
river discharge period, respectively,
In Figure 15 all but one of the data sets begin
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Figure 16. Time-Series Salinity (pp1} Data for Mobile Bay,
June and July, 1978, See Figure 14 for station
locations.

during the post flooding period. All stations show

an increasing salinity trend as river discharge de-

creases, As the Bay recovered from the flooding
cvent a 5 to 8-day pattern of higher salinities on
the ecast side of the Bay (points marked A} al-
ternating with higher salinitics on the west side
of the Bay {points marked B} occurred. At White-
house Reef the data indicate that 10 days after the
peak of the flood the surface waters were stili
under the influence of river water while the bot-
tom waters showed no river water impact whatso.
ever (point C). Vertical salinity gradients were >
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20.0 ppt. Also the Whitehouse Reel record shows
the effect of strong wind mixing (points marked
D). Low-salinity surlace waters were mixed with
high salinity bottom waters to form intermediate
salinitics. In one case near homogenous conditions
were rcached in the water column. All of the sta-
tions were impacted by the high river discharge
period in late March as indicated by the very low
salinities {points marked E) and all showed some
degree of recovery [rom the low salinity period
with the increased salinities at the end of March.

In Figure 16 those stations with data for the
first two weeks of June all show a dominance of
river water influence. River discharge during the
month of May (not illustrated) was highlighted by
20 days of high {flow (> 2,000 m? SL‘(‘") with the
maximum discharges approaching looding levels,
This, plus 1the previous flooding and high flows in
February and March (Figure 15%) resulted in the
Bay hecoming a near limnctic svstem. However,
by mid-June salinities began to increase. T'he first
two stations to show any rtecovery were Greal
Point Clear and Ddog River (peints marked A).
The increased salinity at Great Point Clear is un-
derstandable hecause high salinity waters entering
Maim Pass can readily move up the eastern side of
the Bay (Figures 10 and 11). But the increased
salinity at Dog River is not casily explained in that
there wasn’t any corresponding increase at either
Whitehouse Reel or Fairhope (points marked B).

An increase in the bottom salinities at Fairhope
finully occurred between June 15-18, The intial
increases at both Great Point Clear and Fairhope
l[asted only a few days belore the increase in river
discharge around June 15 to 18 brought about a
decreasing salinity trend (points marked ). Note
that no corresponding salimity decrcase was mea-
sured at Pog River (Pomt C). During the latter
part of June as river discharge decreased there was
a rapid increase in salinities st Whitehouse Reel,
Cireat Point Clear and Fairhope {points marked 1),
Periods when wind and tidal action mix surface
and bottom waters together are clearly evident at
Whitchouse Reef and Fairhope {points marked L).

The salinity inversion at Fairhope in carly
July {point F} is a very unusual occurrence. Except
for the first and last day of this phenomenon the
water column was unstable even though the less
saline bottom waters were cooler than the more
salinc surface waters. An cxplanation for this situa-
tion is not apparent, therefore, the data should be
viewed with some suspicion.

Temperature

Water temperatures in Mobile Bay range from

highs of 30.0 to 33.0° C to alow of 0° C {ice}. The
thermal regime [or the Bay is summarized in Tables
3 and 4 and Figures 17 and 18, Water temperatures
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figure 17. Thermal Regime of Upper Mobile Bay. Values
are three-month running averages.
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Figure 1B. Thermal Regime of Main Pass, Mobile Bay.
Values are three-month runsing averages.

arc directly linked to air temperatures (Table 3).
Scasonal periods are well defined except for the
bottom waters at Main Pass which have a four
month spring warming season, a summer that lags
one month behind the remainder of the Bay and
only a two month fall cooling season (Table 4}. On
the average the upper Bay tends to be colder in the
winter and hotter in the summer than the Main
Pass arca. This is particularly truc if the upper Bay
is compared to the botiom waters at Main Pass
(Table 4).



Table 3. Temperature (“C) data for Mobile Bay. Water temperatures are three-month running
averages and air temperature are monthly averages,

UPPER BAY
Surface Bottom Surface
0.5m -2,0m 0.5-1.0 m

i} 1406 10.3 12.0
¥ 10,7 IL5 135
M 149 15,9 16.4
A 19.1 20.6 2006
hY | 23.9 24.7 23.4
1 26.5 27.4 26,6

) 259 289 27.4
\ 29,2 28.8 23.7
5 26.9 26.1 25.6
0 227 21.9 227
N 17.G 16.6 180
13 150 123 14.1

EAST MAIN PASS

WEST MAIN PASS AIR TEMP.

Rottom Water Column Mohile (Bates

8.0-9.0 m 0-3.0m Field NWS)
14.2 124 107
15. 1 13.¢ 122
169 17.0 15,2
20.3 .2 19.9
211 25.9 23.7
23.3 26.6 26.8
24.4 27.4 276
20.8 281 275
26,2 26.1 252
P N 225 245
19.5 175 147
i6. 1 13,8 IL6

Table 4. Scasonal Temperature {°C) Data Tor Mobile Bay, Derived from Table 3,

WATER TEMPERATURE RANGE

ATR TEMPERATURE RANGE
Mobile {Bates

Season Months Upper Bay Main Pass” Field NWS)
Surface Bottom
Winter D}F <13%.0 <14.0 <16.0 <13.0
Spring MAM 13.0-27.0 14.0-26.0 16.0-24.0 13.0-26.0
(M A M)

Summer JIa >21.0 > 26,0 >24.0 >>26.0
() A S}

Fall SUN 27.0-1%.0 26.0-14.0 24.0-16.0 26.0-13.0
{ON)

a .
Because of the bathymerric differences hetween East and West Main Pass (Fig. 1) the surface observations at East Main
Pass are combined with the water calumn observations ai West Main Pass and are treated as the surface zone of Main Pass.
The Bottom zone of Main Pass is characterized by bortum East Main Pass data ex clusively.

Surfuce and bottom (cmperature data for the
upper Bay presented in Table 3 are depicted in
Vigure 17, The average difference between surface
and sollom waters was < 1.0° C except during
April when the bottom was 1.5° C warmer than

the surface. Fhe thermal vertical structure under-
goes a reversal during the year. From February
through June bottom waters are warmer than sur
face waters while from August through January
surface walers are warmer than bottom waters,
During July the water column is homogeneous.



Surface and bottom temperature data for Main
Pass presented in Table 8 are depicied in Figure 18,
The thermal vertical structure is much more com-
plex at Main Puass than in the upper bay., First, the
differences between the surlace values of Fast Main
Pass and the water column values of West Main
Pass were << (0,6° C and therefore these two arcas
were treated as representing the surface zone of
Main Pass, The thermal vertical structure under-
goes a reversal just as in the upper bay but the
chronology is very ditferent. From (Gctober through
February bottom waters are warmer than surface
waters while from April through August surface
walers are warmer than bottom waters, During the
months ol March and September the water column
is ncarly homogencous. This annual vertical struc-
ture is accounted for by the lact that the boitom
waters are linked with the Gulf of AMexico which,
because of the greater volumn, do not warm up as
fast nor get as hot as bay waters or cool down as
{ast nor get as cold as bay waters, Therefore, the
surface waters become warmer than bottom waters
during the spring warming scason and remain
hotter through the carly fall and then become
cocler than bottom waters during the late fall cool-
ing scason and remain colder through the winter,

Maximum stable vertical temperature gradients
observed in Main Pass were 8.0 o 10.0° C during
the summer scason when surfuce waters were
hotter than boettom witers while the maximuom ob-
served temperature inversions were 3.0 to 6.0° C
during the winter scason when surface waters were
colder than botiesm waters. In the upper bay the
maximum stable vertical gradicnts obsernved were
3.0 to 7.0° C during the summer and carly fall
while the maximum temperature inversions were
3.0 1o 4.(° C during the late winter and spring,

CIRCULATION

No definitive studies on the circulation of
Mobile Bay have been undertaken. Numerous small
and medium scalc investigations have approached
the circulation question both directly and indi-
rectly. The following is a summary of what has
heen learmed through these various projects.

Current Measurements

Over the period July, 1973 10 December 1975,
seventecn 26 hour anchor stations were carried out
in Muin Pass during which hourly current profiiles
of the water column were taken (Schroeder 1976).
Ten of these anchor stations were made in Fast
Main Pass and seven were made In West Main Pass.
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The station positions were located just inside the
Bay. Composite current roses of surface (€15 to 1.0
m) observations at West Main Pass and surface (0.5
to 1.0 mj and bottom (7.0 to 9.0 m} cbservations
at East Main Puass are presented in Figure 19. Only
the surface cbservations are presented for West
Muin Pass bccause they are representative of the
current structure throughout the 2.5 to 3.0 m
waler column.

‘The current rose for West Main Pass shows that
on the west side of Main Pass more water flowed
out of the Bay than into the Bay. It is estimated
here that the ratio is between 2:1 and 3:1. Cur-
rents out of the Bay moved southwest to southeast
with adominant flow duc south £ 22.5° The great-
est current speeds occurred during flow out of the
Bay (falling tides) and rcached absolute values of
1.6 to 2.1 knots.

The current rose for the surface at East Main
Pass shows that on this side of Main Pass nearly
equal amounts of witer moved into and vut of the
Bay at the surface. Surface currents into the Bay
moved mostly north (0 northeast with a dominant
flow to the northeast + 22.5° and they attained
speeds of 2.1 10 2.5 k. Surface currents out of the
Bay moved south 1o southeast with a dominant
flow duc south * 22.5° and attained speeds of 1.6
to 2.0 k. The current rose for the bottom of Fast
Main Pass also shows that ncarly equal amounts of
water moved mto and out of the Bay, Bottom cur-
rents into the Bay moved north o northeast at
speeds up to 1.6 to 2.0 k. Bottem currents out of
the Bay moved south to southeast at speeds up o
1.6t020k.

Two 26 hour stations were carried oul on the
Dauphin Island Bridge in Grant's Pass during
1975 (Schrocder 1976). Current measurements
made on July 1 and 2, 1975 indicate that the
flow was from Mobile Bay into Mississipps Sound
throughout the 26 hours. An explanation for
this is that the cireulation of this porton of the
Bay was dominated, at the time, by a sustained
southeast to east wind at 6 k gusting 15 k, Tidal
height differences were only 0.2 m and river dis-
charge was modcrate.

During the sccond survey, August 5 and 6,
1975, current directions changed with the tidal
cycle. During the falling tide water moved out of
Mobile Bay m a south to southwest dircction at
speeds up to 0.7 k. During the nsing tude water
moved into Mobile Bay in a northeast direction
at speeds up to 19 k. Tidal height differences
were 0.5 m, river discharge was moderate to high
and the winds were south-southwest to west at 6 k
gusting to 20 k.
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Figure 19,

Drogue Studies

Twenty drogue tracking exercises, consisting
of single and multiple drogue relcases in the
southern half of the Bay, were made between
August, 1975 and November, 1977 (Schroeder
1976 and 1977c). The drogues were constructed
tr respond o water movements associated with
the upper 1.2 m of the water column. Pertinent
information on cleven of the exercises is sum-
marized in Table 5. Exercises 1 thru 8 were carried
out during periods of low to high river discharge
and a composite of their tracks is presented in Fig-
ure 20 Fxercises 9 thru 11 were carried out during
penods of very high to flooding river discharges

Main Pass Composite Current Roses. (From Schroeder 1976.)

and a composite of their tracks is presented in Fig-
ure 21,

From the tracks depicted in Figure 20 the fol-
fowing observations were made: (1) the surface cir-
culation pattem of lower Mobile Bay was highly
variable; (2) the maximum displacement of drogues
releascd tn or near Main Pass over one half of a
daily tidal cycle (12 hours) ranged between 10 and
12 km (6 to 6.5 nm); (3) many individual drogue
tracks (i.e., 1, 3a, 4a, 4b, 6 and 7) reflected a ten.-
dency for an “excursion type pattem” within the
Bay (e.g. a trip with the same departure and return
point); and (4) sustained winds could override
astronomical tidal forces preventing direction
reversals during the daily tides (i.e., track 8).




Table 5. Summary of Sclected Drogue Tracking Exerciscs in Mobile Bay (Modificd from Schroeder 1976 and 1977¢c).

Predicted
Tracking Predicted Tidal Tidal Height Mobile River
Date Drogues Time State at Release Differences  System Discharge Winds
{Hours} (m) (m® sec’")
1. 4/20776 1 14 Low + 2 hrs. .5 2,000 - 4,000 Variable < 10 k
2. 5/1/16 1 9 Low + 2 hrs, 3 2,000 - 4,000 8W to NW <10k
3. 9/15 & 16/76 2¢ a. 16 Low + 2 hirs, 2 700 - 1,000 Variable < 10 k
b. 13.5 Low + 4.5 hrs.
4. 17/21 & 22/76 b a 11 Low + § hrs, i 700 - 1,000 N to NW <10 k
b. 10 & gusts > 20 k
5, 3/5{77 1 14 Low + 2 hrs. 6 1,300 - 2,000 SwSE<10k
6. 6/1 & 2/77 1 15 Low + 0.5 hrs. 7 400 - 1,000 Variable < 10 k 1o
N <10k & gusts
>10k
7. TITT 1 7 High - 1.0 hr. i <800 StoSW<10k
8. 11/8 & 9/77 2b a. 23.5 Low + 6 hrs. 3 2,000 - 4,000 SE 1o SW <10 k &
gusts = 20 k
9, 3/80/76 3¢ a. 1 Low + 2 hrs, B | > 8,000 SE <10k
b. % Low + 4 hrs {semi-daily
c. 1 High + 1 hr. tides)
10. 3/1%/77 1 8 Low + 7 hrs, 5 5,000 - 6,500 §8w <10 k
11. 4/8/77 1 13 Low + 1 hr .5 5,000 - 8,000 Variable <10 k

a . . ;
Drogue release points ar different locations.

b . .
Drogue release poines a1 the same location.

€A singie drogue was released three different times at three different locations.

The tracks on Figure 21 illustrate the degree of
influence the river system can exert on the surface
waters of the lower Bay during very high te floed-
ing discharges. This was particularly evident during
exercise 9 when flooding river water continuously
flowed out of the Bay at West Main Pass.

inferred From Salinity Distribution Patterns

The use of salinity distribution paltems to
infer circulation is a common practice. Macro- to
meso- scale trends and in some cases meso- to
micro- scale structure can be defined by the use
of this technique. However, care should be taken
not to allow these results to be treated as detailed
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circulation data in the absence of supporting cur-
rent meter or drogue track data for quantification
and verification purposes.

From Figures 9, 10 and 11 two surface circula-
tion trends were identificd. In Figure 9 the lower
salinity water from the upper bay appeared to be
moving down the castern side of the Bay while
slightly higher salinities from the lower bay oc-
cupied the western side of the Bay. In Figures 10
and 11 just the opposite situation existed where
the low salinity upper bay waters appeared to be
moving down the western side of the Bay. Schroe-
der (1979) concluded that: (1) during low niver dis-
charges river water (salinities < 1.0 ppt) and transi-
tional water (salinities of 1,0 to 7.9 ppt} in the
upper and middle Bay form a surface lens over the
more saline bottom waters and move to the south
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Figure 21. Drogue Track Composite for Relcases Made in
Mobile Bay During Very High to Floodimg
River Discharges. (For supportive data see
Table 5.)

under no particular east to west pattern; (2) as distribution  parterns  of suspended particulate

river discharge increascs into the moderate range.  material (SPM) observed on imagery produced hy

river and transitional waters at the surface and the LANDSAT satellites  (Schroeder 1977a). Fowr

hottem of the water column favor the western side LANDSAT images (Figures 22 10 25) were chosen

Figure 20. Drogue Track Composite for Relcases Made in
Mobile Bay During Low to High River Dis-
charge. (For supportive data see Table 5.}

of the Bay as they move w the south; and (3) at o illustrate the complex nature of the surface cir-
higher river discharges the down-bay pattems of  culation of Mobile Bay.
river and transitional water become less obvious at Moderate river discharges and winds from the
the surface because they tend to dominate theen-  north at < 10 k were occurring at the time the
tire surfuce ficld, while at the bottom they still images in Figures 22, 23 and 24 were taken. Note
tuvor the western side of the Bay. that the distribution patierns of SPM (light shaded
Itigh salinity water from the Gulfl of Mexico areas of the Bay) were totally different, In Figurc '
van move northward into the Bay as a broad bot- 22 a complex SPM pattern was present in the

tom intrusion, as overflow from the Main Shipping  upper and castern middle Bay. A less structured -
Channet or as a combination of the two, The bot. arca of SPM occurred in Bon Secour Bay. In Figure
tom salimty field of Figures 7 thru 11 indicate that 23 very high concentrations of river water bome
the broad bottom intrusion of higher salinity water SPM dominated the entire westem Bay while in
favors the eustern side of the Bay as it maoves Figure 24 the exact opposite condition existed. A
northwurd in the Bay but that there is no single high degree of complexity was apparent in Figure
bottom salinity pattem associated with this north- 24,
ward movement, High river discharge and calm wind conditions
were depicted in Figure 25. Over 90% of the sus-
face area of the Bay was impacted by river borme

Inferred From LANDSAT tellit ol Bon o0 she very castem and southem Pompion
Infe Satellite Imagery of Bon Secour Bay were unaffected. Very complex
Surface circulation can be inferred from the patterns along the western shore and at Great Point
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Figure 22, LANDSAT MSS Band 5 Image of Mobile Bay Takcn on August 18, 1975 (1.D. 2208-15435). Moderate river dis-
charge, high tropic tide and winds northwest <10 k.




Figure 23, LANDSAT MSS Band 5 Image of Mabil

¢ Bay Taken October 11, 1975 (1.D. 2262-1543 ). Moderate river dis-
charge, falling tropic tide and winds north <10 k.
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Figure 24. LANDSAT MSS Band 5 image of Mobile Bay Takea Marck 29, 1978 (L.D. 2116-215183). Moderale river dis-
charge, rising tropic tide and winds north <10 k.
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Vigure 25 LANDSAT MSs Band 5 tm:
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age of Mobile Bay Taken May 22 1978
high tropic tide and winds calm,

{1.D. 2121-615212). High river discharye,
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Clear and Mullct Point on the castern shore are re-
vealed by close examination of the image. Also, the
exchange of waters from Mobile Bay to coastal
waters is clearly scen in Figure 25,

ADDITIONAL INFORMATION

For additional information on the following
subjects, as they rclate to Mobile Bay, the reader is
referred to references cited below.

General hydrography: Austin 1354, McPhearsen
1970, Crance 1971, Bauit 1972, and Schroeder
1978 and 1979,

Riverine influence: Schroeder 1978 and 1979,
Flooding: Schrocder 1977b.

Circulation: Austin 1954, Ryan 1969, McPhearson
1970, Ryan and Goodell 1972, and Story et al.
1974,

Remote sensing & event monitoring: Hardin et al.
1976 and Schrocder 1977a.

Bathymetry: Bisbort 1958, Ryan 1969, Crance
1971, Ryan and Goodell 1972, Hardin et al.

1976,

Physical environment atlas: Schrocder 1976 and
1977c,

HISTORICAL REVIEW

The data presented in the hydrography section
were all collected over the period 1973 10 1979,
When these data were compared to the data col-
lected in previous years (Austin 1954, McPhearson
1970, Crance 1971, and Bault 1972) no significant
differences were detected. The data presented in
the circulation section were also collected aver the
period 1973 to 1979. The only historical measure-
ments of circulation were made by Austin 1954
and Story et al. 1974. The conclusions that Austin
presented should be viewed with caution because
they were based on an analysis in which data from
different days were combined and treated synop-
tically. No attempt was made to compare Austin’s
results to the present data. Story ct al. (1974)
carried out a short term dye study on the western
side of Mobile Bay. There have been no compar-
able studies,

DATA GAPS

The percentage values indicate the extent of
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the data gap.

HYDROGRAPHY (salinity and temperature)

1. Bon Secour Bay 100%

2. Bay areas immediately adjacent to Dog
River, Deer River, East Fowl River,
Bon Secour River, Weeks Bay and Fly
Creek 100%

3. Bay wide synoptic coverage 100%

4. Mobile River System distributaries in
the lower delta 75% to 100%

5. Pass aux Herons 50%

CIRCULATION
1. Current meter measurements
a. Bay wide (excluding Main Pass)
100%
2. Drogue Studies
a. Bay wide (excluding releases from
Main Pass) 100%
b. Main Pass relcases 50% to 75%

RECOMMENDATIONS

The greatest threat to the hydrographic and
circulation regimes of Mobile Bay is alteration of
its natural bathymetry. The following recom-
mendations fall into two catcgories: one dealing
with the evaluation of the environmental conse-
gquences associated with both existing and future
alterations and the other being « list of “DON'TS.”

1. Evaluate the environmental consequences
of the following:

A. spoil bank systems associated with the
northemn third of the Main shipping
Channel;

B. spoil bank systems associated with the
intracoasta] wWaterways;

C. the spoil island associated with the
proposed Theodore Channel (scheduled
to be carried out}; and

D. ali projects that involve any type of
alteration to the bathymetry of the
Bay.

2. Do not permit the following activities:

A. spoil deposition along the southern two
thirds of Main Ship Channel;

B. spoil deposition along the Hollingers
Island Channel;

C. alterations to the configurations of the
Mobile River System distributaries in
the Delta;



D. alterations to Main Pass;

additional alterations to Pass aux Herons

(Cedar Point to Peavy Island}; and

F. dredging operations that result in the
creation of cither nonspecific depres-
sions or shoals,

;'r:
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MATHEMATICAL MODELING OF MOBILE BAY: AN ALTERNATE SOURCE OF DATA
FOR MANAGERS AND RESEARCHERS

Gary C. April
Donald C. Raney
The University of Alabama
P.0.Box G
University, Alabama 35486

ABSTRACT

This paper reviews the results derived [rom
mathematical models used in the description of
hydrodynamic and material transport behavior in
Moabile Bay. Results of parametric studies are
reported as within tide and tidal cycle average
current and salinity patterns, and monthly average
coliform bacteria patterns, for periods subject to
nomal and severe hydrologic and meterologic con-
ditions in the Bay arca, The parameters included
are wind direction and speed, river flow rates,
coliform bacteria concentrations at the river inlets,
bay water temperature, and tidal stage at the
Bay/Gulf exchange.

Of primary importance are the relationships of
the data base used to calibrate and venty the
various models and the form of the corresponding
model rcsults derived from the study. These com-
parisons provide a way of integrating mathemati-
cal modeling methods with field and remote sensed
data collection progrums. A recommendation [or
the development ol a statewide, coordinated data
collection program providing better support of
mathematical modeling efforts ts also made.

INTRODUCTICN

Formulation, development and application of
mathematical modeling in describing natural water
systems have been completed for a number of
coastal bays. These models have been applied suc-
cessfully to San Francisco, Chesapeake, Galveston,
Narragansett, and Tampa Bays, among others.

Since 1972, The University of Alabama has
been engaged in studics related to the mathemati-
cal description of behavior in Mobile Bay. These
studics include the hydrodynamic, salinity, and
coliform  bacteria  distribution  and  transport
within the Bay. This paperis intended to summarize
the results of those studies, and, to relate the
interdependence of modeling activities with the
type and kind of data collection plan used to pro-
vide basic information about the system.

The Necessity of Mathemggiggl Models

There are several reasons for using mathematical
modeling methods to describe bay behavior. The
first is the need to be able to assess the effects on
bay behavior resulting from rapid, and often un-
predictable changes in system variables. This
dynamic nature of the system produces conditions
that are scldom duplicative from day ta day or
scason lo season since the forces aciing on the
system arc truly random. These variables include
wind, rain, runoff, river flow, tidal condition and
material transport by varicus mechanisms. In erder
to assess the interactive effects resulting from these
variables, a rapid, accurate model is necessary.

A second reason for using modeling methods
for description of bay behavior is the predictive
capability it can provide. Forecasting of impacts
that could result from variable changes and system
modifications (i.e., construction and{or mainte-
nance of channels, ctc.) is important to planners
and enginecrs concerncd with water resource
managenent. Such information can be used to
compare alternative plans before they arc intro-
duced into the system. In so doing, policies can be
arranged in order of decreasing adverse impact on
the environment. Model-predicted results are also
useful in directing field data collection programs
aimed at the improved assessment of physical,
biological and chemical processes existing in the
bay.

A third use of model results is in extending
field data and remotely scnsed data capabilities to
time frames when this information is unavailable or
impossible to collect. Because these data are col-
lected on a non-continuous basis, a method that
provides interpolation between data collection
periods is essential to assess changesin this dynamic
system. Unless such methods can be applied, events
that occur between data collection periods may be
misinterpreted. Properly used, it can produce
information that is otherwise too costly or impos-
sible to retrieve, It is a reasonable method te link
discrete data collection programs—either field
criented or remotely sensed—in a manner to permit
accurate assessment of the dynamic behavior of the
Bay.
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Te provide such capabilities requires that the
person formulating the maodel be thoroughly fa-
miliar (1) with the system, (2) with the data avail-
able lor calibration and verification, and (3) with
the intended end use of the model results. Of these
three, specification of the data base 1o support
mathematical modeling eiforts s the most mpor-
tunt.

The Relatjonship of Mathematical Models to
D §

0 ion Plan

All data used in the calthbrution, verilication
and implementation phases of o muthematical
maodel deseription of a bay must be statisticaliy
sound, ()h\'inusly, the aceuracy, preciston aned
SCNSIVItY ol model results are never any betrer
than 1he accuracy, precision, and sensitivity of the
distiv used ity Tormlation and application, How-
cver, there i anotlwer imporant Lictor 1o he vun-
sidered data frequency,

Obviousiy, the best daty plan would be ane
providing continuons sampling at ali points within
asvstem, simultancously, This would he the maogi
costlv: plan and, more readistically, tmpossible to
pement, Theretfore, discrete sumpling methods
areused Some plans are classilicd as Follows;

I} within tidal evele
2 tidad cyele

3) daily

1} weekiy

by monthly

G} seasonally

7} veuly (o fonper)

Phese plans may e subgrouped  cither as
random  tuking samples ar dilferent locations at
different periods of time, or synoptic—~taking
Mmples at dillerent Jocations ap the same time,
From e modeling point of view, synuptic plans are
needed for calibration ad desired Lor verification.
Randhm plans are useful iy checking the verified
mrodel resalty foy decaracy and precision,

Adwither fact is that ne data collected on 4
plan shown in the above list can be reasonably, and
cobrately used to generate mode] results in a
fassilication lisced aboye it. (There are some cases
where this is not the tasc—onc such being trend
atalyses within g hay.} Therctore, the plan having
the wrediest frequency, and he highest cost, also
provides the greatest (loxibility. Data collection
plans anist therefore be formulated  to provide
nseihle information at ccemomically feasibie levels,
Ihis requires knowledge of the kind il results de-
sired to da g Job, and more impnrlanlly, knowledge

ol the kinds of maodels a aitable to provide the end
results needed.

;

Because of the complex nature of Mobile Bay
{Fig. 1} and the environmental impacts that are
created by the industrial, muricipal, recreational
and natural communities that surround its waters,
rapid predictive methods could result in sub-
stantial savings of time and ellort in analyzing bay
behavior. The method could also provide answers
related to the abaieinent and prevention of scrious
disturhances 1o the system,
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Figure 1. Mobile Bay System with Approximate Locations
of Industrial and Municipal Waste Waters Discharges.

This study provides such a method which has
as a basis the application of conservation of mass
and species equations subject to the bay ccosystem
constraints, For this purposc, a two dimensional
(surface), non-conservative species transport model
18 developed for Mobile Bay. The model is solved
with a finite dif(erence method and implemented
by computer solution using a UNIVAC 1110
system, The hydrodynamic model for Mobile Bay
developed by P and April {19744} is used to pro-
vide basic cnrrent and dispersion coefficient data
required by the nonconservative species transport
model, The resultant package, referred to as the
Non-conservative Species Transport  Model
(NCSTM) is verified with availuble total coliform
hacteria data obtained from the State Department
of Health and with related historical data provided
in the literature {Ryan 1969). In addition, work ex-
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tending the wmodel capabilities to severe weather
cenditions (i.e., river flooding and storm surges)
is also presented. These examples illustrate the
interactive nature of the data base with model
output. Typical output will be presented for
each case illustrating the form of the results pro-
duced.

MATHEMATICAL MODELS OF THE MOBILE
BAY SYSTEM

In order to better understand the complex,
interactive effects influencing water movement in
the Bay, several mathematical models based on the
laws of conservation of mass and momentum have
been formulated. These include models describing
the hydrodynamics, conservative and non-conser-
vative species transport within the Bay (Table 1),

The mathematical model (Hill and April 1974a)
describing water movement and tidal elevation
within Mobile Bay is based on a two-dimensional
unsteady flow equation and is referred to as a
hydrodynamic model. The water mass is con-
sidered to be reasonably mixed such that integra-
tion of the general three-dimensional equation in
the depth direction is a valid, simplifying assump-
tion. Because of the specific nature of Mobile Bay,
convective acceleration and the Coriolis force make
significant contributions in the momentum equa-
tions. Results can be generated for non-steady
flow when boundary conditions are available as
a function of time, or for quasi-steady flow when
boundary conditions are stable for a time period
encompassing several tidal cycles.

The muaterial transport model for Mobile
Bay (Liu and Aprl 1875) is based on the two-
dimensional form of the species-continuity equa-

Table 1. Mathematical Representation and Operational Modes of the Mobile Bay Mathematical Models

Name Equation Form Results ! Modes
Continuity 0Qx , 0y , M _ gy Tidal Height Tidal Cyele
! dx Oy o i Daily Avg.
' ! Monthly Avg.
Seasonal
Momentum 0Qx + gDQl_—l = Kncosy - fQQ,xD'2 x-Component of Tidal Cycle
x-Component ot dx System Current Daily Avg,
+ Qx(2Wsing) Manthly Avg.
2 ! Scasonal
. D'l[a{vx } . a{vxvy_)] !
: Ox 3y
- agy_ oH 2 -2 ! o
y-Component o + gl>== = Knp“siny - fQQYD y-Compenent of Tidal Cyele
dr dy System Current Daily Avg.
| +Qy{2\r'-’simp} Monthly Avg.
i
i Av. 2 Seasonal
+D7 Vy) . a(vxv},}}
3 3%
, 2 2
' Species o, V2L« VyElc-:— = E{ a—g: + a—f) Concentration of
' Continuity ot O dy dx oy Specics
i
E aC ac
. + 2 (=2 - 22(z
: E (%6sy) - Lay)
I
f . . lﬁ{cvz(zs}-cvz(zb})
i e ]
Salinity R, =0 Salinity | Daily Avg.
! Concentration ! Seasonal
Coliform R, Ki;where K, = i(d) Coliform Bacteria i Monthly Avg.
]-I Concentration Seasonal
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tion, This model is driven by tidal average veloci-
ties and dispersion coefficients generated by the
hydrodynamic model. The results thus produced
dre average concentration distributions throughout
the Bay. Modification of (the bottom boundary in
arcas where salt wedge (stratification or unmixed
region} cffects have been observed, has been used
successfully to simulate three-dimensional charac-
teristics, Similarly, coliform dic-off rate constants
are introduced  when these clements are being
studied with the model,

The model used 1o develop the storm surge
hydrograph is adapted from Wanstraih’s (1978)
open coast maodel. A form of the Reid-Bodine
hydrodynamic model, including cell flooding/
draining capabilities, was used 1o evaluate the im-
pact of surge conditions on Bay water level and
studied with the maodel.

VERIFICATION DATA BASES FOR THE
MOBILE BAY MODELS

Hydrodynamic Model

Synoptic hydrodynamic data at locations within
the Mobile Bay system were reccived from the
U.S. Army Corps of Tngineers, Mabile, Alabama,
for May 1% and 16, 1972, That informaticn con-
sisted of tide charts and discharge rates experi-
mentally determined over a 34-hour period,

Tide heights were taken from the appropriate
charts and converted to read Trom the model
reterenee pline (mean sea level). Fourier scries
were Tt oo data by least squares, Equations used
tor the Daaphin Island-Guif boundary and the
Cedar Paint boundary are piven as: '

LD 1090+ 1,205 * cos (004188 *
+.0567114)

HOP = 1LOBY + £ 177 * o (004188 * ¢
0032453}

A miumum correlation coeflicient ol 0.99 was ob.
tained in cach case,

Manning cocllicients varied from 0.010 to
00500 A coclficient of D.050 was used in the
narsh arca o simulate the low Aow rates expected
i.“ that arca. Values within the Bay proper ranged
Nlem 0.610 10 LO1S, Initially, efforts were made
fo aceount lor variations i roughness created by
oyster beds, channels and spoil banks. However,
Lirge changes in the Manning coefficient caused
only minor changes in flow on the scale of the
mede] used.

The hydrodynamic mode] was exercised over
two tide cycles begmning with estimates from a

[ ———

previous run. The first step in the verification
process was @ check of the tidal heights at Mobile
State Docks, Great Point Clear, Fowl River, and
Bon Secour. Both tidal amplitudes and phases
checked closely with the actual data (Fig. 2).
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Figure 2. Tidal Cycles at Four Locations in Mobile Bay for
Maodel (dashed lines) and Ficld {solid lines) resulta.

That was significant in view ol the fact that the
forcing function in the Gulf of Mexico and at
Clear Point are smoothed data derived from
storage equations as previously discussed in rela-
tion to boundary conditions. Qther factors that
may have influenced somewhat the exactness of
the {it were localized winds and adjacent marsh
areas that may have flooded at high tide. Details
of the calibration and verification phases of this
study can be found in reference works by Hill and
April {1974a,b).

The sccond verification step consisted of a
comparison of discharges at Main Pass and Cedar
Point with field measurements taken by the Corps
of Engineers. Discharges were calculated by the
Corps from periodic measurements at various loca-
tions in those passes at a depth of 0.2 and 0.8
times the depth of flaw. An arithmetic average of
those values was considered to be the average value
for that location in the vertical direction. Horizon-
tally, the area covered was half the distance to the
adjacent mcasurement [ocation on either side.

The correlation between actual data and
model-predicted data at Main Pass was excellent
(Fig. 3). This was expected because flows were
well behaved and represented the major discharge
routc from the Bay; the other being at Cedar
Point. There was a deviation at Cedar Point be-
tween model-predicted and field results {Fig. 3).
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Figure 3. Discharge Rates at 2 Localions in Mobile Bay for
Model (dashed lines) and Field (solid lines) Resuits.

During the course of this study, flows through
Main Pass evidently had a direet inlluence on the
flows through Cedar Point. At one point discharge
rates for the Cedar Point boundary were used by
necessity to define precisely the tide delay beiween
the Gulf and Cedar Point. This aspect points out
the interactive effects between Mobile Bay and
Mississippi Sound and the desirability of ultimately
linking model descriptions of the Sound with the
Mobile Bay model (1Ll and April 1974b). Such a
study is currently underway.

In subsequent studies, river fTow rates in excess
of those defining lNood stage conditions were also
made. Results, as in the case of the earlier invests-
gations, are expressed in terms of water clevation
and movement at locations within the Bay,

linity Model

Some salinity data were received from the
Corps of FEngincers, Mobile, Alabama, for the
peried of May 15 and 16, 1972, The number of
locations sampled in this effort was judged to be
insufficient for verification purposes. This was
particularly true since all locations were within
the ship channel. Considerable salt concentration
data were located in the literature for the month of
Qctober, 1952, Average river flows obtained from
the U.S. Geological Survey lor that time period

-

indicated a fresh water input of 340 m* sec”

(12,000 ft® sec'). The hydrodynamic model was
exercised using the modified river flows to com-
pute the pertinent data for the salinity model,

Dispersion  coefficients and net  velocities,
calculated in the hydrodynamic model for each
grid location, were used as input data for the salinity
model, The Gulf boundary saline concentration
was set at 35 parts per thousand {ppt). The concen-
tration at Cedar Point for October, 1952, was cluci-
dated from the Jiterature (Hill and April, 1974b)
and setat 25 ppt. Dog and Mobile Rivers were set at
Zcro concentrations,

The salinity wedge was accounted for in the
Bon Secour arca. This arca was chasen rather than
the ship channel for several reasons. First of all,
data available indicated that effccts in the ship
channel were minimal. That muy be attributable
to the low comparative surface area invelved on
the scale of the maodel studied, Secondly, the
literature (Barlow ¢t al. 1955) indicated that a
large arca in Bon Secour was influenced by the
wedge. This is expected as a result of the flow
patterns in the arca. Finally, the model indicated
that the salinity wedge in Bon Secour significantly
contributed to the overall salinity patterns, This
was achieved in the model using a first order equa-
tion for the rate of mass transfer [rom the salt
wedge to upper water layers. The valuc of the
mass transfer coclficient, Ky, used in this rate
cquatien was taken as 0.00G002 *E ... Simu-
lating the three-dimensional salt wedge elfect in
this manner gave model results in closer agreement
with reported field data.

The salinity model was excrcised for 16 tidal
cycles beginning with cstimates [rom a previous
run. Data from the literature (Barlow et al. 1955)
were averaged for ebb and flood tides as well as in
the vertical direction and compared with model
trends,

Mode] results were in general agreement with
the field data. A deviation along the westem side
of the Bay may have been the result of unidenti-
ficd fresh water flows in that arca, as in the casc of
Dog River at the outset of this study. This was
surmiscd from several picces of information,
Profiles from the literature indicated a rather
strong net outflow along the extreme westem
shore even for low fresh water flows (Barlow et al.
1955). This was in contrast to Farth Resources
Technological Satellite photography and coliform
profiles, which indicated the main thrust of net
outflow was down the ship channel and minimum
flows adjacent to the western land boundary.
Even with the possibility of additional fresh water
flows, the model-predicted isohalines appeared
reasonable and led to a study of natural phe-
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nomena expected in Mobile Bay as a {unction of
various wind and river conditions.

Coliform Model

Total coliform group concentration data for
various locations in Mobile Bay were collected by
the Alabamia Stute Department of Health for the
periad from Junuary 1962 to August 1962, Coli-
furm concentrations were oblained by analysis
according 1o “The Significance of EC Positive
Organisms  in Gull Shellfish  Growing Waters™
(Nosty 1974).

The maodel was verilicd on g monthly basis,
Lo, monthly average conditions were used, and the
maodel results were tabulated and compared to the
monthly average values of actual data, The 70%
canfidence ranges of the actual data were also
tabulated to indicate the range in the monthly field
ditta wverages. Model verilication was based an how
well modeb-predicted resules Fell within the field
data range ar the several locations within the Bay
forany given monthly period.

Because of the dependence of the species-
contimuity eruation on the hydrodvnamic model
of Mobile Bay Tor current distributions and dis-
persion covflicients, the first step in the verifica-
tion procedure involved specification of data neces-
sary lor the proper description of the hydrody-
namic behavior of this bay. This included the cal-
culation of monthly average river flow rates, wind
conditions and  tidal conditions for the period
fur which total calilorm Rroup concentrations were
available.

Additionally, 1he 1ol coliform dic-off rate
constant, Ky, used in the madel was caleulated as 2
hinction of monthly averape water temperature of
the Bay. These temperatures were estimated (rom
the bimonthly  average  water temperatares  of
Maobile: Bay  compiled by Bault (1972). Water
twmperatares are not untform in the Bay and the
degrec of mixing that oeeurs benween sea water
and river water within the Bay will affect the
temperature distribation, In this study, tempera-
thres were considered  homagencous thraughow

the Bay. Temperatures can be adjusted lincarly
l)c't\\"vvn the values corresponding to Guif of
Mexiea water temperature and river water tempera-
ture to approximate real system behavior. In this
study, where monthly average values were investi-
satedd, the sea water intrusion offect was neglected,

Tetad coliform group concentration data for
locations having severe pollutant input into the
Bay were used as loading concentrations at each
relevant grid  cell, They were held constant
']1'1’Ullj.(|1:|ul cach computation. Louading at Mobile
River has been found 10 be the main source of

pollution of Mobile Bay (Lis and April 1975),

Results are presented as model-calculated total
coliform  profiles  within  Mobile Bay. Similar
results were tabulated for cach month from January
to August, 1962, during which the verification
phase was perflormed. Tod coliform concentratiofl
vs. time {maonth) curves are also presented to indi-
cate the trend of concentration changes with
seuson (Liv and April 1975).

Storm Surge Model

Adapiation of Wanstrath’s (1978) open coast
model to the Northeastern Gulf of Mexico pro-
vided storm surge hydrographs at the Mobile Bay
entrance, Suificient data for Huwrricane Camille,
1969, were used to specify the hydrographs along
coastal Alabama. Once achicved, these results are
linked to the Mobile Bay hydrodynamic model.
Results were then obtained as increases in water
clevauuns, velocitics and salt concentration as the
storm surge approached the coastline. Both within
tide and tidal cyele averaged modes were used in
this analysis,

THE INFLUENCE OF SYSTEM CHANGES ON
MOBILE BAY BEHAVIOR

In order to assess the impact that changing
river flow rates, wind econditions, coliform loading
concentration and water temperature have on the
bydrodynamic and material transport propertics
of Mobile Bay, a parametric study was conducted
using the developed and verilicd mathematical
models. The results of this study are discussed in
the following sections, subdivided lor clearer
presentation of the material.

Normal River Flows and Wind Conditipns

Three river flow rate conditions were investi-
gated (340 m? sec™, 1246 m? sec! and 6938 m?
sect ). Also wind conditions were studied at 0, 8
and 13 m sec”! speeds blowing from the pre-
vailing direction (southwest). The effect of these
system changes on cxireme (high and low) tidal
clevations at four locations in the Bay are shown
in Table 2. In cach case there was a pronounced
influence of wind speed on tidal elevation, especially
toward the northemn Bay. This was caused by the
retention of water because of wind stress conditions
and the decrease of Bay width from 39 km in the
south to 13 km in the north,
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Table ¥, Extreme Tidal Elevations (Feet) from Mcan Sea Level for Varying River Flow Conditions.

River Fiow Rate, c[s 12,000
(m3 sec’!) {340
Wi G R, . -
Speed, knots® 0 15 25
Direction SW S 5W
State Idocks
Iigh TideP 2,57 274 3.77
l.ow Tide -0.24 0.30 1.67
Point Clear
High Tide 254 266 3.21
Low Tide 087 (0,02 0.80
Fow River
High Tide 2.51 2,61 3.3
Low Tide -0.23% .01 67
Bon Secour River
High Tide 2.45 2.51 254
Low Tide -0.20 -0.12 0.29
6 obtain m sec’! multiply speed in knots by 0.5148.
Ta obtain m multiply elevations in feet by (13048,

44,000 245,000
(1246) (6938)
0 1% bids} 4] 15 25
SW SW SW SW SW SW
2.60 2.84 3.87 3.06 3.29 4.28
0.05 0.57 1.87 1.97 2.20 277
250 2.67 3.73 2.55 2.70 3.38
-0.19 01 0,83 .05 0.26 1.09
2.49 2.62 3.07 258 2.70 3.21
0.14 0.02 7 0.14 .31 1.01
2,41 2.50 2.75 2.47 2.48 2.81
-0.14 BRI N 0.31 0.07

-0.04 0.47

Similarly, significant vuriations in tidal cleva-
tion were observed at high river flows in the north
with a rapid disstpation 1o nearly normal levels at
the mid-Bay locations. The influence of these
system changes on current direction and speed was
likewise discussed in the original study document

(LIl and April 197-1).

The influence of river flow ratc on Bay salinity
is illusurated in Figure 4. Suppression of the sa-
Iinity content of intrnding Gudf waters was ob-
served during high riverine inflow conditions, The
Bay approached mver-dominant characteristics in
the upper one half of the Bay when flows cx-
ceeded 4248 m? sec?,

Wind Speed

Curwve 1
I Sec

13

)

+

L+

s m—
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|
;' 340 m? gec~l

1266 m? sec~l

Figure 4. Southwest Wind Effect on the Salinity Distribution Patterns in Mobile Bay for Three River Flow Rates.
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Wind specds above 8 m scc™! influenced salinity

distribution in the Bay. Charactcristic shifts in
freshwater flow patterns can be traced by tollow-
ing salinity profilc trends from 0 to 13 m sec”!
wind conditions (Fig. 4). Downward profiles
gradually oscillated as the wind speed approached
8 m sec’ followed by a reversal in the profile at
13 m sec’!. These shifts were directly related to
wind stress conditions imposed by the prevailing
and constant southwest wind.

Similarly, total coliform hacieria group counts
shifted south-castward when river {low rates in-
creased (Fig. 5). This was caused by lower reten-
tion times necded Tor the coliform bacieria to die
off resulting in higher residual coliform concentra-
tions in all parts of the Bay. The results in Figure 5
are for conditions of constant coliform loading
that, i most cases, did rot exist during high river
flow conditions. A more realistic way of assessing
the effeet of changing coliform loads independent
of river flow rates 15 discussed 1n the following
section,

Hiver Fiow Bate, m” s !
Marie Trtmw
[AT) (L1
ine P4
m 1%

4 rliuam Macberia i bl P/ 100 mi

Figure 5. Effect of River Flow Rate on Coliform Bacteria
Disttribution in Mobile Bay,

Effect of Varying Coliform Loadings

Cell-loading concentration of total coliform at
the mouth of a river reflects the pathogenic pollu-
tion potential of the river rclative to the Bay.
This concentration is attributed to waste loadings
from sources such as municipal, industrial, and
rutal areas. After periods of heavy rainfall and run-
off, the river flow rates stabilize. However, coli-

form loading along the river course usually peaks
and begins decreasing at rates greater than river
flow decreuses, In this discussion river flow rates,
wind conditions, and temperature are held con-
stant. The only chunges made were on the loading
concentrations ol total coliform bacteria at the
mouths of Mobilc and Tensaw Rivers. The result-
ing total coliflorm concentration profiles are shown
in Figurc 6. Comparisons were made at two
concentrations of 70 and 1000 MPN/100 ml. Each
of the shilts of the coliform concentration profile
was in the order ol 2 grid widths (4 km). Note that
the 70 MPN/L1O0 ml conteur shifted as many as
G grid widths from onc extreme to the other as 7/8
of the original total colitorm bacteria was removed
or reduced. These changes in total coliform loading
were also more representative of conditions that
might be achievable for varying degrees of treat-
ment of municipal and industrial waste sources.

it Mabile River

Colilorm in MPMI1D0 M

k-4
L

Figure 6, Coliform Bacteria Distribution in Mobilc Bay as a
Function of Loading Concentration in the River System,

Temperature

Effects of changing temperatures on total
coliform distribution are shown in Figure 7. The
shifts of the 100 and the 500 MPN/100 mi total
coliform concentration isolines were in the order
of 2 to 4 grid widths (4 to 8 km) from run to run.
Shifts of that magnitude can sericusly affect shell-
fish harvesting activities in the Bay, cspecially in
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the Bon Secour Bay arcas. This simulates what can
happen ta the coliform distribution in case of
sharp temperature variations when all the other
system variables, ic., river flow rates, wind
conditions, and waste loadings remain unchanged.
The reason for such pronounced shifts of coliform
concentration  profiles was the  temperature
induced change in dicoll rate constant, K. When
water temperature in the Bay was higher, total coli-
form bacteria dissipated at a higher rate, and the
colifurm concentration in the Bay decreased. When
water temperature was lower, K was smaller, the
total coliform bacteria died at a slower rate, and
the colifirm concentration in the Bay increased,
This cffect also partly accounts for observed sca-
sonal variation of total coliform concentration
within Mobile Bay (Gallagher 1969).
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Figure 7. Coliform Bacteria Distribution in Mobile Bay asa
Function of Water Temperature.

Abn River Fl and
Storm Surge Conditions

When severe weather conditions are encountered
by the Bay area, the normal patterns of water flow,
water clevation and salinity are greatly altered. In a
study by Hu {1979) river flow rate conditions in
excess of Mooding state (7000 m® sec”') and storm
surge conditions were investigated with results
compared with normal conditions.

River stages in excess of 7000 m? sec™! intro-

duced a Jarge amount of fresh water into the Bay
at the rivers in the north. These flood stages usually
occurred between March and May. The overall
impact on bay behavior was total dominance in
the upper 2/3 of the Bay by fresh water. This is
shown in Figure 8 in which the tidal cycle average
salinity profiles are plotted [or varying river flow
rate up to and beyond flood stage values. Note the

SCALE

(a} 340 m’ sze™! (b}
by
VAN
J
A\
b X :a_;’\\:\ e
() G938 sic” (d) 8620/ sec?!

Figurc 8. Tidal Cycle Averaged Salinity Profiles {in ppt) in
Mobile Bay for Four River Flow Conditions.

effective blocking of Gulf water at the 7000 m?
sec”t flow in which only 5 ppt salinity reached a
point 15km from Main Pass. The entire Bon
Secour Bay area was likewise at or below 5 ppt
when flows approached 8500m’ sec’’. Addi-
tionally, at a Ievel greater than 8500 m? sec™ there
appearcd 1o be little change in the overall salinity
pattern over the tidal cycle. Excellent agreement
with field data collected by Schroeder (1877) can
be seen in Figure 9 for the lower Bay at Main Pass,
Field data, depth averaged over the sampling
period, were compared with maodel isohalines for
the same periods during each tidal stage encountered
during the survey. Agreement in all cases was
within cxperimentally accepted limits, Likewise,
water elevations increased with increasing river
flow rate (Fig. 10). The greatest increase occurred
in the State Docks area where the fresh water
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noticeable increases occurred in Bon Secour Bay

e and at Point Clear, Water velocitics likewise in-
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| I creased everywhere in the Bay with net water
e w410, ! Tl movement into the Gulf through Main Pass and
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depih avergged.

Conversely, during storm surges, the Bay water
behavior s dominated by the intrusion of sa.lm.c
Figure 9. Dohalines for the Lower Mobile Bay Under R Gull water. Conditions typical of storms in this

1gure ¥, [kohalines for T wer Mobile ay Undger River - - - - ’
are: . ¥ y t 1969) were used
Flood Stage Conditions; () 3300 m3 sec”! and (b) 8410 arca ol the (_:uii (Camille, Augus )
m? see™? in the analysis,

Table 3. Velocity Distribution of Mohile Bay Waters under River Flood Stage Conditions,

1
Tidlal Sragc?

T
Fiooding ‘ High—Ebbing Flaoding - High High —Ebbing
River Flow Rates, m” se¢”! 3060 5000 7000 8000
Velacity Components” Mag. Dir. . Mag. Dir. Mag. Dir. Mag.  Dir,
! , 1
ay Location: i
Main Pags 1.33 267.8 136 2690 141  269.0 1.46 268.0
Cedar Foing 0.24 240.9 0.20  246.0 : 0.21 242.0 0.25 2440
State Docks 0.29 270.0 0.39  270.0 | 0.51 270.0 3,60 270.0
Foint Clear 0.06 310.0 0.16 3240 | 010 324.0 0.12 3220
Bon Secour Bay 0.06 216.0 i 0.09 1995 | 007 1890 007 2200
C e . . 1. . . - -— - _}—.- —_ -
4Flood stages repeesent the periods over which field data were available for comparison purpases, The complete tidal cycle
was hroken down into fourtns; Nooding, high, ebbing and low, see Figure 9 [or illustrations,
i"I‘he velocity components inchude the magnitude (Mag.) measured in m sec”! and the direction {Dir.} measured in degrees,
where 270° represents flow 1o the south,
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The impact on Bay behavior can best be seen
by comparing the tidal cycle averaged salinity
pattern {Fig, 11) with previous patterns (Fig. 8).
The entire Bay was subject to salt water intrusion
with a level of 26 ppt at the State Docks in the
northern Bay. This can likewise be seen in Table 4
in which the extreme variation between river flood-
ing conditions and storm surge conditions werc
compared with normal conditions. The fresh water/
saline water dominance is clearly illustrated.

State
Dock

River Flow Rate!

1240 m3 sec—l

Wind Condirion:
21.4 m sec~}(SE)

Salinity in ppt

Point
Clear

Bon Secour

‘> Bay

Main Pass

R

Figure 11. Salinity Prolile in Mobile Bay Under a2 Storm
Surge Condition,

—

Likewise, water elevations increased in all areas
of the Bay. The greatest change occurred at Bon
Sccour Bay (Table 5) under storm surge conditions.
Values for different river flow rates up to flooding
stage are also shown, Such large changes, as illus-
trated during these periods of upset, resulted in al-
terations in all aspects of Bay behavior; physical,
chemical and biological. More importantly, the

manner and period required for the Bay to return
to normal state is important in water quality plan-
ning and decision making,

CONCLUSIONS

The methods and corresponding results illus-
trated in this paper are intended to be examples
of the many ways in which mathematical descrip-
tions of natural systems can be used to assist in
water quality management functions. Of equal
importance was the emphasis placed through-
out the discussions on the data base used to sup-
port the mathematical simulations.

Often models are used without a data base, or
with a data base that does not correspond to the
time frame over which medel information is being
sought. This results in gross errors, false interpre-
tations and inaccurate policy decisions about the
witer system being modeled. However, when the
analysis using modeling methods is paired with
reliable data, trend behavior and, in many cascs,
predictive behavior can be obtained and used
effectively. Therefore, the design of 4 data collee-
tion system to produce accurate model results of
the kind desired, or, the adaptation of the proper
model to fit the data already assembled is 4 neces-
sary first step in any numerical simulation cffort.
Recognition of this essential step often dictates the
fate of a modeling effurt as a benefit or curse o
the user.
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Table 4. Comparison of Salinity Values {ppt) at Five Locations in Mobile Bay
as a Function of River Flow and Storm Surge Condition,

T |! 1
River Flow Rate, m* sec”! 1250 : 11300 17000 1250
Condition Nurmal River Flooding River Floeding Storm Surge
Bay Location:
Main Pass 30 14 13 34
Cedar Poimt 18 5 3 25
State Docks 5 I 1 27
Poim Cedar 1% 1 1 26
Bon Secour Bay i6 3 2 20
L i L
Table 5. Comparison of Maximum Water Elevations (Meters) for Three Mobile Bay Locations
at Varying River Flow Rates or under Storm Surge Conditions.
T i i
! River Flow Rate, m? gec”! 340 1250 6960 1250
' Condition Law Flow Medium Flaow High Flow Storm Surge
[.ocation:
State Docks 0.78 .79 1.10 | E.19
Poini Clear 0.77 0.76 0.78 i 1.48
l Bon Secour Bay 0.75 _ 0.74 0.75 1.65
i i !
; NOMENCLATURE ¥ Angle Mcusurement in the Coriolis Term
€ Concentration of Species i the Water Column, 9 Differential Operator
AV
1 Depth of Water in the Bay, L SUBSCRIPTS
Eo Rate of Mass Uranslor by Lvaporation, LfT
Dispersion Coelficient, 1.2 7T b Bettom
I Bay Battemy Friction Factor o Source or Sink Term
K Gravitational Acceleration, 1/} r  Resuspension
H o Tleight o] Water above a Cell Datum, I s Sctling
Kk Constangs Surlace
Q Discharge Rate, Per Unin Gell Depth 12 /1 X FastWest Dircetion
R Riate of Miuss Transivr by Rainfali, 1./ y  North-South Direction
Rate of Disappearance or Appearance of Mass,
MLAT

L Time, T
V' Resultant of the Veloeity Veetor, LT
v Local Grid Velocity, 1/T
W Angnhir Veloeity of Earth, L/T
X Distanee (East-West), 1
Y Istance (North-South), 1
2 Iistnee (Depth Direction), 1,
7 Wind Speed, LT
6 Temperature

Wind Direction
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