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WATER RESOURCES OF THE PASCAGOULA AREA,
MISSISSIPPI

By Epwarp J. Harvey, HaroLp G. GoLpEN, and Horace G. JEFFERY

ABSTRACT

The Pascagoula area, as defined for this study, includes all of Jackson and
George Counties, Miss., and a contiguous part of Mobile County, Ala. Sufficient
water is available in the area to meet requirements for future developments that
may utilize large quantities of water. The average streamflow of the Pascagoula
River is about 16,000 cfs (cubic feet per second) or 10,000 mgd (million gallons
per day). Total withdrawal of surface and ground water was 60 mgd (1958).
An additional 80 mgd is withdrawn from a stream in the area for use in Mobile,
Ala. The quantity of water now being withdrawn from supply wells and surface
sources is small, when compared to the total that may be obtained in the area
through proper utilization of these resources.

An additional water supply of 100 mgd or more can be obtained from the
Pascagoula or Escatawpa River for use in the Bayou Casotte industrial area.
This industrial area is on the coast, where both rivers are penetrated by salt
water; therefore, a water supply from either of these rivers must be obtained
upstream from the coastal area. Except for brief periods during hurricane tides,
it is unlikely that salt water will penetrate more than 20 miles up the Pascagoula
River or 18 miles up the Escatawpa River.

Mississippi water law requires that no water be appropriated from a stream for
consumptive use when the flow is less than the legally defined average minimum
flow. Water withdrawn from the Pascagoula or Escatawpa River and transported
to the Bayou Casotte industrial area would be, in effect, a consumptive use.
Storage facilities would be required to assure a continuous supply of water during
periods when withdrawals cannot be made owing to legal restrictions. The 1962
Mississippi Legislature is considering an amendment to the water law that will
modify this restriction.

The smaller streams of the area have high base flows. A few of these streams
are capable of supplying 25 mgd or more, and, if the use is nonconsumptive, no
storage will be necessary to assure this supply even during an extended drought.
Base flows of several streams exceed 0.4 cfs per square mile during severe droughts.
These are among the highest yielding streams in the State.

Surface water in the area above the zones of salt-water penetration is low in
dissolved solids. The dissolved-solids content is fairly constant except for the
main stem Pascagoula River and Red Creek, which are affected at times by the
addition of brine from oil fields. Most of the water in the streams has high color,
and some has a low pH. Treatment of this water would be required to meet the
general requirements for industrial use. The impoundment of surface water in a
reservoir normally would have only a minor effect on the quality of the water.
However, impoundment of water containing small amounts of oil-field brine may
result in the concentration of more mineralized water in the deeper part of a
reservoir.

1



2 WATER RESOURCES, PASCAGOULA AREA, MISSISSIPPI

The ground-water supply is contained in rocks of early Miocene to Recent age.
Substantial quantities of water remain to be developed from the Graham Ferry
Formation of Pliocene age and the Pascagoula Formation of late Miocene age.
The chief aquifer developed for public and industrial supplies is in the Graham
Ferry Formation, which consists of 50 to 100 feet of fine to coarse sand. The
coefficient of transmissibility, which ranges from 14,000 to 54,000 gpd (gallons
per day) per foot at three well fields in the area, is indicative of variations in the
texture and thickness of the aquifer. In 1958, the average use of water from
this aquifer totaled 6.6 mgd. The yield of the aquifer probably can be more
than doubled without impairment of the quality of the water by installing addi-
tional pumping facilities at some distance from existing well fields.

The Citronelle Formation, a layer of sand and gravel as much as 100 feet
thick, blankets the high ridges and contains a large quantity of water that not
only supplies the farm needs but, equally important, sustains the base flow of
the streams draining the area. Where the Citronelle Formation has been eroded
away in the uplands, gray clay and silt of the Pascagoula and the Graham Ferry
Formations are exposed in the valleys. Near the coast, the Citronelle Formation
is buried beneath 100 feet of fossiliferous clay and sand. In this area, from 75
to 100 feet of coarse sand containing a large quantity of water in storage is vir-
tually unexploited. The chief danger in future development of this sand is the
possible encroachment of saline water from the lower Escatawpa and Pascagoula
Rivers and the further possibility that more mineralized water may move up the
dip from the south. If proper development techniques, including reinjection,
are applied, supplies of several million gallons per day can be withdrawn peren-
nially from the sand. ’

An area of large ground-water reserves is in the terrace lying between the
Pascagoula and Escatawpa Rivers, where 1 million acre-feet (300 billion gallons)
of water are estimated to be in storage. In this area, from 60 to 100 feet of older
alluvial material underlies the surface. A large part of the area lies north of the
farthest known penetration of salt water in the Pascagoula River; hence the
likelihood for salt-water encroachment is remote. Wells capable of yielding
from 200 to 500 gpm each can be drilled in many parts of the area. Artificial
recharge by wells, spreading pits, or other means is not practiced in Jackson
County. The terrace is well suited to the development of several million gallons
of water per day, and this quantity could be substantially increased and main-
tained, if the aquifer is replenished by artificial recharge.

INTRODUCTION

Fresh water is an abundant and important natural resource in the
Pascagoula area. The municipal supplies are obtained from wells, and
industrial supplies are obtained from both surface-water and ground-
water sources. Industrial use of water has expanded greatly during
recent years, and, as population has increased, municipal use of
water also has increased.

An engineering survey prepared in 1956 indicated that a compre-
hensive study of the water resources would be an important aid to
industrial growth. The Jackson County Board of Supervisors and
Jackson County Port Authority in the spring of 1958 entered into
a cooperative agreement with the U.S. Geological Survey to inventory
the water resources of the area (fig. 1). In July 1958 a program was
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Ficugre 1.—Index map of the Pascagoula area, Mississippi.

organized for the collection and evaluation of basic data on availability
and quality of surface and ground waters.

The purpose of this report is to present an evaluation of water-
resources data collected in the area. The availability of surface
water for future development was determined by statistical study of
streamflow data, by analyses of data related to salt-water intrusion
in tidal estuaries, and by application of the existing legal restrictions
concerning withdrawal of water from streams. The relationship of
ground-water development to decline in water levels is given, and an
estimate is made of declines to be anticipated as demand increases.

Field data were collected by James W. Hudson, Fayne D. Edwards,
and Thad N. Shows. The late Robert K. Butts contributed much to
the organization and planning of the quality of water phase of the
project and was coauthor of the progress report (Harvey and others,
1959). S. M. Herrick made paleontological examinations of sample
cuttings from water wells and oil tests.
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The report was prepared under the administrative and technical
supervision of J. W. Lang, district geologist, W. H. Robinson, district
engineer, and M. E. Schroeder, district chemist.

EARLIER WORK

Hilgard (1860) reported to the Mississippi Legislature on the
geology, agriculture, and water resources of the State. In later
reports, the availability of ground water was described by Crider and
Johnson (1906), Lowe (1925), Stephenson and others (1928), and
Brown and others (1944). The reports of 1906, 1925, and 1928 were
statewide in scope but Brown’s report was of a comprehensive study
of six coastal counties only. Brown’s report included a detailed
geologic map of the area and extensive information on ground-water
supplies along the coast. In 1961 probably the main value of the
early reports is the historic water-level data given. Thirty-three
wells sampled in earlier years were resampled in 1956 by E. H.
Boswell. No significant changes in quality had occurred between
1940 and 1956. One observation well near OQcean Springs in Jackson
County has been measured periodically since 1956.

Few records of streamflow were collected in the Pascagoula area
prior to 1958. Continuous records of daily discharge have been
obtained at stream-gaging stations on Pascagoula River at Merrill,
Miss., since 1930, and on Escatawpa River near Wilmer, Ala., since
1945. A short continuous streamflow record of Big Creek near
Mobile, Ala., was collected prior to the construction of Big Creek
Reservoir. A few discharge measurements were also obtained at
selected sites on small streams in the area.

The Corps of Engineers has operated a tide gage at the mouth of
the Pascagoula River since 1940.

Data concerning the quality of surface water in the Pascagoula area
have been collected by other agencies and private organizations for
their specific use. Prior to 1958 the U.S. Geological Survey had little
information on the quality of surface waters in the area.

WATER LAW

In 1956 the Mississippi Legislature passed an act establishing a
Board of Water Commissioners. Powers of the board include:
issuance of water permits, commencing January 1, 1957; protection
of existing water rights; and control of future use of additional
available water for agricultural, industrial, municipal, and recreational
purposes. The Mississippi law specified that water in any stream,
lake, or other natural water body is public and subject to appropria-
tion in accordance with provisions of the law. The law applies only
to surface water and should not be construed or interpreted as
affecting ground-water rights or users.
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The Board of Water Commissioners has authority to permit
appropriation of water of any stream only in excess of the established
average minimum flow; however, exceptions may be made for domestic
and municipal users, and the board may authorize any appropriator
to use the established minimum flow upon written assurance that
such water will be returned immediately to the stream in substantially
the same amount. Average minimum flow is defined in Mississippi
water law as follows: “The average of the minimum daily flow occur-
ring during each of the five (5) lowest years in the period of the
preceding twenty (20) consecutive years. Such determinations shall
be based upon available stream-flow data, supplemented, when
available data is incomplete, by reasonable calculations.”

According to the Board of Water Commissioners, water permits
have been granted to several industrial firms to appropriate water
from the Escatawpa River and Franklin Creek. Specific limits of
each permit as to quantity and rate of withdrawal and diversion are
shown in the following table.

Rate of
Appropriator Stream withdrawal | Annual use
(gallons per | (acre-feet)
minute)
Thiokol Chemical Corp..... Escatawpa River___.__ 1,000 1
Mississippi Menhaden Produets, Ine_________________|...__ 4 [ T, 3,200 307
Dy - 700 123
110 175
1, 500 92
8, 500 9, 541
32,000 46,738
1,400 2,

The law states that the Board has authority to enter into compacts
and agreements concerning Mississippi’s share of water flowing in
water courses, where part of such bodies of water are contained within
the territorial limits of a neighboring state.

WATER PROBLEMS

The largest potential sources of fresh water for future industrial
development are the Pascagoula and Escatawpa Rivers, which con-
tain large quantities of water even during periods of low flow. The
lower reaches of these rivers are subject to salt-water penetration
that makes the water unsuitable for most industrial uses. To obtain
an industrial supply from either of these streams would require that
withdrawals be made upstream from the maximum extent of salt-water
penetration.

Mississippi water law requires that no water be appropriated from
a stream for consumptive use when the flow is less than its average
minimum. Therefore, some type of storage facility would be required
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to assure a continuous supply during periods of low streamflow if the
water is withdrawn from a stream and transported outside the drainage
basin. Parts of the Escatawpa River system are in Alabama, and
appropriations are made from this river in Alabama without regard
to Mississippi water law.

Water in the lower reaches of the Escatawpa and Pascagoula Rivers
is polluted with industrial and municipal wastes. The municipal
wastes of Moss Point and Pascagoula are treated. Most of the in-
dustrial wastes are given some type of treatment. Generally the
pollution problem is most acute during late summer and early fall
when streamflow is low and the water temperature high.

Oil-field brine is sometimes added to streams in the Pascagoula
basin. The dissolved-solids content of water in Pascagoula River
near Benndale and in Red Creek at Vestry is increased at times by
“the addition of brine that causes wide variations in the day-to-day
quality of the water. Water in most of the streams in the area has
high color, and some has a low pH.

Local flooding occurs frequently in and around Pascagoula and
Moss Point. The low altitude and flatness of the land surface and
the occasional intense rainfall make local drainage a difficult problem;
however, it is beyond the scope of this report to make a study of this
specific problem. Hurricanes and tropical storms occur in the area.
Extreme hurricane tides can produce a great inflow of salt water over
land as well as in the lower Pascagoula River system.

One of the principal ground-water problems in the Pascagoula
area is that of locating an aquifer in the immediate vicinity of the
need. The chief aquifers are at certain depth zones, and, because
of their discontinuous character, test drilling is needed wherever a
water-supply development is proposed. The zones can be traced
for 10 miles or more through areas where there is an abundance of
sand into areas where there is little sand. This characteristic is
especially true of aquifers in the Pascagoula Formation in the vicinity
of Pascagoula.

The water-supply problem in the Bayou Casotte industrial area
is caused by the absence of the 800-foot sand that is used in Pas-
cagoula and Moss Point. Absence of the 800-foot sand in test wells
does not preclude its existence east of Bayou Casotte. In 1961 the
industrial area depends entirely on the aquifer in the Graham Ferry
Formation. The feasibility of further exploitation of the aquifer
will depend upon economic considerations: the cost of lifting water
from greater depths as the water level declines and the cost of pipe-
lines to bring the water from areas removed from existing centers
of pumpage to localities where the water will be used.

A large quantity of water is stored in the Citronelle Formation,
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but its use has been slight because of the availability of better quality
water at greater depth. Owing to the shallow depth of the Citronelle
and the possibility of salt-water encroachment as exploitation is
increased, safety measures will be needed to insure its successful
development.

METHODS OF STUDY

Appraisal of the water resources of the area included investigations
of quantity and quality of streamflow, occurrence, movement, and
quality of ground water, and effect of the geology and topography on
the relationship of surface- and ground-water movement.

The quantity of surface water was determined by establishing 18
stream-gaging stations to supplement two continuous-record gaging
stations already located in the area. Three stations were established
on Pascagoula River to determine the increase in flow of the river
as it progresses toward Mississippi Sound, and three stations were
established to determine the effect of tide on river stage in the lower
reaches. Continuous-record gaging stations were established on two
major tributaries of the Pascagoula to determine streamflow charac-
teristics of the streams. Ten low-flow partial-record stations were
located on other tributary streams to determine the low flows to be
expected from these streams and to evaluate the base flow from
streams draining different geologic formations.

Daily discharge data for the long-term continuous-record stations
were analyzed to determine the frequency of occurrence of various
flows, with particular emphasis on the frequency and duration of low
flows. Records of the short-term continuous-record and partial-
record stations were adjusted to a long-time base period by com-
parison with the long-term stations in the area. When all records
were adjusted to the same base period, low-flow characteristics of
streams were compared and the differences in characteristics were
related to the variations in surficial geology.

Two daily sampling stations for chemical-quality studies were
operated on the main stem of Pascagoula River. The upstream
station was established to determine the chemical quality of the
river above any possible influence of salt water from Mississippi
Sound. Specific conductance was measured on each sample, and
composite samples for chemical analyses were prepared by mixing
equal volumes of the daily samples for the composite period. The
downstream station was established to determine the frequency of
salt-water intrusion at that site; here, top and bottom samples were
collected once daily. Specific conductance was also measured on
each sample from the downstream station, and sufficient chloride
determinations were made to establish the relationship between
chloride and specific conductance over the range of conductance
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values. Samples for chemical analyses were collected from the
major tributaries to show the chemical quality of water in these
streams at the various flows. Analyses of these samples also provide
information on areal variation of chemical quality in the Pascagoula
River basin.

In order to determine the extent and effects of salt-water intrusion
in the tidal reaches of the Pascagoula and Escatawpa Rivers, salinity
data were collected under various conditions of streamflow and tide
stages. Sampling sites were at 1-mile intervals along these streams;
top and bottom samples for chloride determinations were collected,
and the specific conductance of the water was measured at depth
intervals of 5 feet at these sites.

A geologic map by Brown and others (1944) was deemed essen-
tially correct, and mapping for the present report consisted of refine-
ing the location of formation boundaries. About 40 holes were
drilled with an auger to locate formation contacts and determine
depth to the water table. Test wells were drilled for stratigraphic
information, water samples, paleontologic studies, water levels, and
aquifer tests. Most of the drilling was done after the well inventory
had been completed. Sample cuttings were used for paleontologic
and lithologic studies.

To evaluate the decline in water levels in the several aquifers,
water levels were measured in wells in which measurements had been
made in earlier years. A network of observation wells was established
to map changes in ground-water levels.

The’ well-numbering system used is a simple grid based on a master
grid previously set up for each county of the State (pl. 1). On the
county map the grid areas are designated alphabetically, beginning
with the letter A in the upper left corner and progressing to the right
and downward in normal reading order. To avoid confusion, the
letter I is not used. The grid lines usually coincide with township
lines, except for partial townships, which are included in an ad-
joining grid area. Each well has been numbered beginning with 1—
for example, A1, A2, A3, and so forth. The same numbers are used
in all tables and illustrations throughout the report. Well data will
be presented in a separate report.

Interference tests were made to compare the permeability of an
aquifer from place to place and the producing capacity of the aquifers.
A test pattern comprising five wells was laid out in the Bayou Casotte
area to determine the feasibility of using the shallow aquifer, which is
subject to salt-water encroachment, as an additional source of supply.

Water samples for chemical analyses were collected from wells in
the major aquifers. Samples were also collected periodically from 12
wells to detect any possible salt-water intrusion into the shallow
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aquifers and any increase in the salinity of water in the deep aquifers
caused by the movement of more mineralized water updip. Wells
sampled in earlier years were resampled to detect changes in quality
that might have occurred through the years.
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DESCRIPTION OF AREA
LOCATION

The Pascagoula area is on the Gulf Coastal Plain in extreme south-
eastern Mississippi. This study includes about 1,200 square miles
comprising all of Jackson and George Counties, Miss., and a part of
Mobile County, Ala. (fig. 1). Pascagoula, with a population of 16,914
(1960), is the largest city in the area. Three other incorporated towns
are Moss Point and Ocean Springs, with populations of 6,497 and
4,900, respectively, and Lucedale in George County, population 1,970.

The economy of the Pascagoula-Moss Point area is primarily
industrial. The lumber, paper, fishing, and shipbuilding industries
have been important for many years and have been augmented in
recent years by various other industries. The chief agricultural crop
in Jackson and George Counties is timber, most of which is grown on
tree farms. Row crops, beef cattle, and tung nuts are grown in the
flat upland area near Lucedale. Large sand and gravel deposits are
being excavated in George County for commercial use. The popu-
larity of the coastal belt and the Pascagoula River valley for recreation
and fishing has grown through the years. '

PHYSIOGRAPHY

Jackson and George Counties are in the East Gulf Coastal Plain.
The topography varies from flat to gently rolling terraces near the
coast and along the rivers to hilly and deeply dissected uplands in
northern George County. The maximum altitude of 320 feet above

735-727 0—64——2
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sea level is on a remnant of the deeply eroded upland surface in north-
eastern George County. The land surface descends gradually to sea
level in a series of steps marked in places by poorly preserved escarp-
ments which are the result of river and marine terracing. The
history of terrace development along the Gulf Coast and in the Pasca-
goula area has been discussed by Doering (1956; 1958) and others.

West of the Pascagoula River in George and northwestern Jackson
Counties the land has been maturely dissected by streams that form
an intricate dendritic drainage pattern. The Citronelle Formation,
which at an earlier time blanketed the area, has been removed from
much of the upland surface. Southward the surface becomes pro-
gressively more gently rolling and the drainage pattern less well de-
fined. The land surface between the Pascagoula and Escatawpa
Rivers is youthful. Broad flat divides 1 to 2 miles wide are underlain
by 50 to 100 feet of sand of the Citronelle Formation and separated
by deep ravines cut through the formation into the underlying clays
of the Pascagoula Formation. Divides east of the Pascagoula River
range from 50 to 80 feet higher than those west of the river.

The upland surface contains many small depressions varying in
size, shape, and orientation. The depressions are important because
many retain water on the surface for eventual recharge to the Citro-
nelle. The depressions are largest and most common on the flat sur-
face of the Citronelle, which lies at an altitude of more than 200 feet
in the vicinity of Lucedale. They are smaller, generally circular or
ovoid, and fewer on the lower surfaces of the Citronelle that extend
from Harleston to Big Point. Few depressions occur west of the
river. Numerous small ponds north of Big Point indicate the presence
of shallow depressions, but none of the depressions are deep enough
to be shown on the map by contour lines. On the terrace south of Big
Point the depressions are abundant, and the larger ones are oriented
parallel to the escarpment that marks the old valley wall west of
Hurley. Depressions are almost absent south of Black Creek and
west of Pascagoula River.

The depressions are in sandy terrane. Brown (Brown and others,
1944, p. 21) suggested that some of them, which he called blowouts,
are of wind origin. Many of the depressions have low sand ridges
around their edges. One and one-half miles southwest of Agricola
in the SWY sec. 12, T. 3.S., R. 6 W., a concentration of small elliptical
dunes and crescent-shaped depressions are oriented toward the north-
west and undoubtedly are of wind origin. Depressions on the surface
in the vicinity of Lucedale may be of the same origin; their large size,
however, suggests that solution may have affected their growth.

Several theories and hypotheses have been advanced by writers
to explain the origin of depressions on sandy terrane of the coastal
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plain. Smith (1931) suggested that solution of aluminum and iron
resulted in loss of volume beneath the depressed areas. LeGrand’s
(1953) theory required the solution of calcareous material such as
shells or beds of marl. Rasmussen (1959, p. 23) suggested that the
depressions resulted from ‘* * * removal of colloids and clays in sus-
pension * * * where iron and aluminum are the chief cations.” A
small amount of calcareous material, probably concretions, is present
in sample cuttings at a depth of 100 to 200 feet in wells near Lucedale.
However, the first shell beds occur well below the deepest stream
channels, and solution of shells is considered unlikely as a cause for
loss of volume. Mechanisms suggested by Smith and Rasmussen
seem to fit the local conditions.

RIVER SYSTEM

Pascagoula River, the main stream in the area, drains about 9,400
square miles and is formed by the confluence of Leaf and Chickasaw-
hay Rivers near Merrill, Miss., approximately 81 miles upstream from
Mississippi Sound (pl. 1). The upland surface in the vicinity of
Merrill is about 175 feet above mean sea level; the flood plain about
50 feet, and the thalweg of the Pascagoula River, about 20 feet. The
thalweg of the Pascagoula at its mouth is about 30 feet below mean
sea level. The river divides at mile 17.7 and forms West Pascagoula
River and Pascagoula River. West Pascagoula River is the larger
and, during periods of low flow in 1959, was observed to have approxi-
mately 50 percent more flow than the Pascagoula River downstream
from the division. The thalweg of West Pascagoula River at its
mouth is about 20 feet below msl.

The stream valley of Pascagoula River is almost straight; however,
the channel meanders within the flood plain. For example, the valley
distance between channel miles 25 and 30 is about 1 mile. From mile
81 to mile 18 the flood plain varies in width from 4 to 6 miles and is
covered with trees and undergrowth. Many lakes and bayous (old
meanders) are in the flood plain between miles 35 and 12, and most
are connected to the main channel and subject to overflow at medium
stages. Downstream from mile 35 the flood plain does not exceed
an altitude of 10 feet. The low-water channels of the Pascagoula and
West Pascagoula Rivers are interconnected by many bayous and
canals. The flood plain from mile 10 to Mississippi Sound is marsh-
land.

Escatawpa River drains an area of about 1,000 square miles and is
the major tributary east of Pascagoula River. The headwaters lie in
Washington County, Ala., at an altitude of about 300 feet. The river
enters Mississippi at mile 55 and flows southward to mile 10, where it
meanders westward to Pascagoula River. Except below mile 10,
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where the flood plain is mostly marshland, the channel of the Esca-
tawpa is generally well defined. The flood plain is 2 to 3 miles wide
except for several constrictions in the middle reach, which are less
than a mile wide.

Big, Jackson, and Franklin Creeks, tributaries to Escatawpa River,
are important as present and future sources of water supply. These
streams flow out of the Alabama hills in fairly well defined channels
and are tributary to the river between miles 20 and 14. Altitudes of
the land surfaces in the three drainage basins range from 2 to 4 feet
at their mouths and from 130 to 300 feet in their headwaters. The
channels are generally free of vegetation, and the flood plains are
covered with trees and undergrowth. Big Creek, the largest of the
three, has a drainage area of 217 square miles of which 103 square
miles is upstream from Big Creek Reservoir (fig. 15). Jackson Creek
drains an area of 41.0 square miles and flows into Goodes Mill Lake,
which is connected to the Escatawpa River. Franklin Creek, the
southernmost of the three tributaries, has a drainage area of 31.4
square miles.

In addition to Escatawpa River, Big Creek (drainage area, 51.2
square miles) and Big Cedar Creck (drainage area, 73.8 sq mi) are major
tributaries to the Pascagoula from the east. The altitudes of the land
surfaces in these basins range from 20 to 320 feet. Big Black Creek
is the major tributary from the west to Pascagoula River and drains
an area of 1,200 square miles. Altitudes of the land surface in this
basin range from 15 to 450 feet. Red Creek, which has a drainage
area of 468 square miles, is the major tributary to Big Black Creek.

Bluff Creek, a tributary to West Pascagoula River, drains an area
of 142 square miles in the vicinity of Vancleave. Altitudes of the
land surface in the basin range from 2 to 150 feet.

Black Creek North and Black Creek South drain a flat swampy
area of about 70 square miles lying between Pascagoula and Esca-
tawpa Rivers near Wade. The area, which includes Black Creek
Swamp, is covered with trees and swamp vegetation. The streams
originate in Black Creek Swamp at an altitude of about 50 feet.
Black Creek South flows southward to Escatawpa River and Black
Creek North flows westward to Pascagoula River. Both channels

are poorly defined.
AREAL GEOLOGY

The oldest unit exposed in the area is the Pascagoula Formation of
late Miocene age. The Pascagoula, which underlies the red sandy
deposits of the Citronelle Formation and terrace deposits that cap
the hills, is exposed in the creeks and along the Pascagoula River. The
strike is almost east-west, and the dip is to the south at about 40
feet per mile; hence, the strata exposed in George County disappear
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beneath the surface in Jackson County. Farther south the Graham
Ferry Formation is exposed, and outcrops, which are similar in ap-
pearance to those of the Pascagoula Formation, underlie the surficial
materials and overlie the beds of the Pascagoula. The geologic map,
plate 1, shows the distribution of outcropping units.

Red Creek approximately defines the northern extent of the Graham
Ferry west of Pascagoula River. The line drawn on the map is based
on projection of the base of the Graham Ferry updip from the out-
crop on Pascagoula River where it was first described by Brown (1944,
p. 47) and on correlation of the outcrop with the subsurface section as
shown in well logs (pl. 2; measured section below).

The presence of the clams, Rangia johnsoni and R. microjohnsonsi,
in the outcrop and subsurface is the basis for mapping the Pascagoula
Formation in George County. Some geologists place the top of the
Pascagoula (Miocene) at the first appearance of the Rangia johnsoni
(Dall) fauna (Fisk, 1944, fig. 68). The fauna has been described by
Johnson (1893) and by Mincher (1941) from the type fossil locality on
the left bank of Chickasawhay River in Greene County (SEY sec. 28,
T.1 N, R.7W.) at Shell Bluff (fig. 23). During periods of low stage,
the beds are well exposed half a mile south of U.S. Highway 98 bridge
(formerly Miller’s bridge) on the right bank of the river, which is the
locality noted by Mincher (1941, p. 339). Rangia johnsoni (Dall) or
R. (Miorangia) microjohnsoni have been found in nine wells in George
and Jackson Counties by S. M. Herrick, and their occurrence is
shown on figure 23. The fauna was not found in sample cuttings
from five wells, although shell fragments from several depths were
observed. The absence of Rangia does not preclude the presence of
the unit. In a general way, the occurrence of the fossils in the various
wells shows that the beds dip to the south.

Measured section on right bank of Pascagoula River near Graham Ferry (SWYNEY,,

sec. 34, T.6 8., R.7 W.)
Feet
Citronelle Formation:

Sand and pea gravel, reddish, to top of bluff. ____________________ 70

Graham Ferry Formation:
Clay, blue_ . e
Sand, gray, mottled, fossiliferous in upper part__________________.__
Clay, gray, containing ferruginous nodules___ ... ________
Sand, gray having bluish streaks where clayey; medium-grained, cross-
bedded. Apparently unfossiliferous_ . - ..
Clay, gray - o o o e

NN

-

The southward dip of the top of the Heterostegina zone in the lower
part of the Catahoula Sandstone from northern George County to
central Jackson County averages 45 feet per mile (fig. 23). The dip
from central Jackson County to Horn Island averages 83 feet per mile.
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Gravell and Hanna (1938, p. 995) likewise showed that the dip of the
beds steepened midway in Jackson County. This determination of
dip is presumed to be more accurate than that based on Rangia
johmsoni (Dall), which averages 25 feet per mile from the outcrop in
Greene County to well N66 in Ocean Springs. The average dip of the
contact between a clay bed overlying a bed of fossiliferous sand in
the Graham Ferry Formation is 19 feet per mile. The beds are
exposed for 3 miles along the bluff on the west side of the river.
Average dip of the base of the Citronelle Formation from well C17 in
George County to well Q85 in Jackson County is 8 feet per mile south.
From these figures it is clear that the shallow strata dip less, owing to
their shorter periods of subsidence, than do the deeper strata.

Beds in the bluff at Graham Ferry have been offset 10 feet, the
downdropped block being on the north. This offset was determined
from measurement of seven sections along the river bluff. Faulting
may explain the high area that includes Parkers Island in the Pas-
cagoula River valley east of Graham Ferry and greater depth of
alluvial deposits on the west side of the valley (pls. 1, 3). No other
faults have been observed in the area, although it is likely that others
exist.

Fisk (1944, p. 9) presented a map of probable fault zones based on
drainage patterns in the central Gulf Coastal Plain. The Lake Borgne
fault zone, according to Fisk’s map, extends northeast through George
County. The alinement of the fault at Graham Ferry with the north
side of Parker’s Island and with a stream flowing southwest in Harrison
County toward Gulfport indicates the possibility of a fault having the
same orientation as Fisk’s Lake Borgne fault zone.

Correlation of scarps in the area and the flat surfaces bounded by
them with terraces elsewhere has been suggested by several writers.
Remnants of escarpments generally parallel Pascagoula River. Bases
of the scarps range in altitude from 50 to 220 feet above sea level
(pl. 1). The most prominent scarp bounds Black Creek Swamp west
of Hurley; it rises from 40 to 70 feet above sea level and extends
northwest, where it loses its identity near Indian Creek. The fact
that all the scarps are parallel with the valley of Pascagoula River
shows that the river has gradually migrated westward to its present
position. The high terrace mapped by Brown (Brown and others,
1944, p. 21) is included with the Citronelle Formation because the
entire mass of sand and gravel extending from Big Point at the south-
ern end of the Citronelle outcrop to the Greene County line on the
north seems to be a hydrologic unit.

After the Hurley-Big Point surface was formed, a considerable
adjustment in the base level of the Pascagoula River occurred, and
entrenchment of the valley began. The scarp west of Hurley marks
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the boundary of a valley that was cut to a depth of 100 feet below the
Hurley surface, 70 feet below the Wade surface, and 30 feet below the
present flood plain at the latitude of Grahamn Ferry. The deepest
known cut is at the extreme west side of the valley, where the botton
of the alluvium is about 20 feet below the valley floor farther east
(pl. 3). When cutting ceased, the valley was filled with sand and
gravel to a depth of at least 70 feet at Wade and probably 80 to 100
feet near the coast. The present flood plain came into being when
adjustment of the river to a new base level caused entrenchinent of
the valley as a result of the removal of about 40 feet of alluvial inaterial
and the preservation of the terrace. The terrace contains many
physiographic features that clearly show the fluvial origin of the
deposits. Distributary channels marked by lines of natural levees,
oxbow lakes, and long narrow depressions mark old sloughs or
abandoned channels of the river.

At the tiine the Pascagoula valley was being alluviated, the shoreline
of the Gulf of Mexico may have extended about 5% miles north of
Escatawpa, where there is an escarpment more than 10 feet high.
South of the shoreline, where the water was brackish, an estuarymay
have been bordered by swainps covering the area as far south as Moss
Point and Orange Grove. Foraminifera and shells are found in
cuttings from wells drilled through the terrace deposits as far north
as Orange Grove, but they have not been found in sample cuttings
from wells drilled in the area between Escatawpa River and the old
shoreline. The present land surface was a sea-floor plain and has been
tentatively correlated with the Pamlico Plain (Brown and others,
1944, p. 24).

The cutting of the Pascagoula valley resumed when the terrace was
relatively uplifted and the Pamlico Plain emerged. The Pascagoula
River, or perhaps one branch of it, neandered eastward, joined the
Escatawpa near Orange Grove, and built a delta into the gulf in the
vicinity of Bayou Cumbest. Scars of the meanders are prominent
north of Escatawpa and south of Orange Grove. Later, Pascagoula
River, abandoning its former course cut through at its present location
and Escatawpa River cut through between Moss Point and Escatawpa
to join the Pascagoula north of Moss Point, as it does today.

CLIMATE

Mississippi’s humid and semitropical climate is determined pri-
marily by the huge land nass to the north, the Gulf of Mexico to the
south, and the subtropical latitude. The varied topography influences
many local climatic differences. Geographic distribution of the mnean
annual precipitation in Mississippi is shown by figure 2.

The average annual precipitation on the coast is about 60 inches.
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FIGURE 2.—Mean annual precipitation, in inches. Extracted from U.8. Weather Bureau,
1959, “Climates of the States.”” Based on period 1931-55.

A few miles inland lies a belt about 25 miles wide in which the average
annual precipitation exceeds 64 inches, but farther inland the average
precipitation is 60 inches and less. Annual rainfall on the Pascagoula
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River basin is about 58 inches on the average. Measurable snow or
sleet has fallen in Biloxi on the coast only 4 times in the past 60 years.
Snowfall occurs more often in the headwaters of the Pascagoula basin,
but is not important in the climate of the area.

The mean annual temperature in the river basin is about 66°F;
the mean monthly temperature ranges from 81°F in July and August
to 50°F in December. Along the Gulf Coast the mean monthly
temperature ranges from 82°F in July and August to 54°F in January;
on the average, the first winter freeze occurs December 3 and the
last freeze on February 25. An average of 11 freezes occurs during
the winter.

Tropical storms and hurricanes cross the Mississippi coast occasion-
ally. The movement of hurricanes in Mississippi has been described
by Sanders (1959) as follows:

Hurricanes which move inland over southeast Louisiana may be as damaging
on the Mississippi coast as those which cross the coast line. This is especially
true of those moving from the southeast because of the usually more severe
winds in the northeast quadrant and because of the high seas which move across
Mississippi Sound and pile up on the shore. Those which move westward offshore
often cause tide and wind damage on the coast. Those which move northeastward
across or south of the Louisiana Delta and move inland between Mobile and
Panama City, are usually less damaging because winds are offshore and tides
are subnormal. Hurricanes which move inland on the Alabama coast may
affect Mississippi only slightly because of less intense and offshore winds in their
western portions.

Hurricanes have affected the Mississippi coast 19 times during the
period 1875-1960. Eleven hurricanes have occurred in September,
four in August, two in October, and one each in June and July.
Perhaps the worst was the 1906 hurricane, which caused damage as
far as 100 miles inland.

Evaporation is difficult to determine quantitatively. Most research
is limited to studies of evaporation from free water surfaces. On
the basis of these studies, the U.S. Weather Bureau has prepared
maps showing variation in average annual lake evaporation, which
ranges from 40 inches in northeastern Mississippi to 48 inches on the
Gulf Coast (fig. 3). More than half the annual evaporation from
water surfaces takes place from May to October, because of the higher
temperature during this period. Figure 3 also shows the variation in
Mississippi of average May-October evaporation in percent of annual.
The May—October percentage of annual evaporation increases with
distance from the coast, primarily because of the more uniform seasonal
climate on the coast.

USE OF WATER

The use of water has increased steadily through the years. Table
1 presents data on sources of supply and use of water in 1958. The
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FIGURE 3.—Average annual lake evaporation, in inches (broken lines), and average May-October evapora-
tion, in percent of annual (solid lines). Extracted from U.S. Weather Bureau Technical Paper 37 (based
on period 1946-55)., Seasonal percent based primarily on pan data, but limited testing indicates that the
percentage values are applicable to lake evaporation, constant heat storage being assumed.

Pascagoula-Moss Point area ranks near the top in the State in the use
of and need for water. The paper industry uses the largest volume
of water (about 50 mgd) for processing, cooling, and waste dilution.
Until the early 1950’s, most of the ground water pumped was used by
municipalities and by the fishing and allied industries. After 1950,
four manufacturing firms were established in the area, each requiring
from 0.5 to 1.5 mgd in continuous operations. In addition to the use
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of fresh water in manufacturing plants, about 10 mgd of salt water is
pumped from Mississippi Sound for cooling. Coinciding with indus-
trial expansion and the accompanying water requirements has been
the increased municipal requirement brought about by population
growth in the Pascagoula-Moss Point area.

Little change has occurred in water requirements inland from the
coast. Prior to 1950 the city of Lucedale depended on springs flowing
from the Citronelle Formation; these springs have since been replaced
by wells as the source of supply. Because most of the rural area is
devoted primarily to agriculture and logging operations, water re-
quirements are small. The possibility of obtaining a ground-water
supply for pasture irrigation was investigated on one of the large
farms in George County. No large-scale irrigation is practiced in the
area.

TABLE 1.—S8Source and average daily use of water in Jackson and George Counties
in 1958 (in thousands of gallons)

Average daily use !
Source
Municipal | Subdivi- | Industrial | Total | Percent of
sion total

Ground Water:
Citronelle Formati - 0 0 820 820 14
Graham Ferry Formation._____._.___.__ 1, 900 20 4,720 6, 640 11.2

Pascagoula Formation:

500-foot sand 240 70 0 310 .6
600- and 800-foot sand________________ 1,540 260 1,160 2, 960 5.0
Hattiesburg Formation________._..____._____ 120 0 0 120 .2
Total ground water._._.—._.___.__ 3, 800 350 6, 700 10, 850 18.4

Surface Water:
Escatawpa River and Franklin Creek.__ 0 0 48, 200 48, 200 81.6
Total ground and surface water-. 3,800 350 54, 900 59, 050 100.0

1 Rural supplies are not included.

SOURCES OF SUPPLY

Precipitation is the ultimate source of all fresh water. Part of the
precipitation runs directly off the land surface into streams; part is
temporarily retained in lakes and swamps, or on vegetation, and is
subsequently evaporated; and the remainder seeps into the ground.

Of the water that seeps into the ground, part adheres to soil parti-
cles and remains in the soil mantle until evaporated and part contin-
ues to move by gravity, until it reaches the zone of saturation and
becomes ground water. Ground water moves continually as it per-
colates to lower elevations. Some of the water eventually will return
to the land surface as seeps or springs and be discharged into surface
channels. The discharge of these seeps and springs constitutes the
entire flow of most streams in the Pascagoula area during extended
periods of dry weather.

The sources of water for the Pascagoula area are: (1) Pascagoula
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River, (2) tributaries to Pascagoula River, and (3) the ground-water
reservoirs.

FACTORS AFFECTING QUANTITY AND DISTRIBUTION

More than any other factor, climate in the source area influences
the quantity of water available in any particular area. The avail-
ability of ground water is influenced by the amount of infiltration that
occurs through the soil mantle and the capacities of the aquifers to
store and transmit water. Surface-water supply is affected by the
available surface storage.

CLIMATE

Precipitation and other climatic factors such as temperature,
evaporation, and transpiration influence the availability and distribu-
tion of water supply. Hurricanes affect the supply for brief periods.

PRECIPITATION

In this warm climate, practically all the precipitation occurs as
rain. The quantity and distribution of rainfall influence the amount
and rate of streamflow. During the period 1900-60, annual precipita-
tion in the Pascagoula basin ranged from 39 to 80 inches. During
the period 1931-60, the annual runoff of the Pascagoula River at
Merrill ranged from 9.5 to 31.9 inches. The variability of annual
precipitation and runoff is shown in figure 4. Persistence is the
tendency for a series of wet years to be grouped together and a series
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FIGURE 4.—Annual precipitation and runoff, Pascagoula River basin.
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FIGURE 5.—Relation of precipitation to runoff, Pascagoula River basin, based on period 1931-60.

of dry years to be grouped together. Persistence of the annual
precipitation and runoff data is not as pronounced in the Pascagoula
basin as in other areas; however, figure 4 does illustrate this tendency,
although most of the wet- and dry-year groups contain years that
deviate from the pattern.

The difference between precipitation and runoff is due to total
evaporation and seepage to ground water not returned to streams.
Total evaporation is water returned to the atmosphere by (1) tran-
spiration from vegetation and building of plant tissue, (2) evaporation
from water surfaces, moist soil, and snow, and (3) interception.
Runoff is the residual component of precipitation after total evapora-
tion and ground-water seepage requirements have been met. The
precipitation-runoff relationship in the Pascagoula basin is shown in
figure 5. Generally, the ratio of annual runoff to annual precipitation
increases as annual precipitation increases. During extremely wet
years runoff is about 40 percent of the annual precipitation (70
inches or more) and in extremely dry years runoff is about 25 percent
of the annual precipitation (less than 40 inches). However, some
years having about the same rainfall will have more than 100 percent
difference in runoff because of distribution of the rainfall and tempera-
ture variations.
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FIGURE 6.—Monthly precipitation and runoff, Pascagoula River basin.

Monthly rainfall is more variable than annual rainfall. Figure 6
shows the average monthly rainfall for eight weather stations in the
Pascagoula basin during the period 1931-55. Usually, March and
July are the wettest months and October is the driest month. The
years 1952, 1954, and 1956 were fairly dry years in the area and in
most of Mississippi. The 1954 monthly rainfall in the basin is shown
in figure 6 for comparison with the monthly averages. The 1954
monthly runoff for Pascagoula River at Merrill is also shown in
figure 6. During the rainy season (winter and spring) runoff is
about 50 percent of the precipitation, and during the dry season
(summer and fall) runoff is less than 10 percent of the precipitation.
It is evident that a variable relation exists between rainfall and
runoff and that precipitation alone should not be used as a reliable
index of runoff.

The more intensive rains generally are associated with thunder-
storms; tropical storms usually cause heavier rains over longer
periods of time. From the beginning of record through 1950, the
heaviest 24-hour rainfall recorded in the State was 12.35 inches at
Merrill on July 5, 1916, during a hurricane. During 1955, a 24-hour
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rainfall of 13.36 inches was recorded in Mobile, Ala. Rainfalls of this
intensity are rare and result in extremely high rates of runoff in
streams draining the affected area. Unusually heavy rainfall resulting
in floods occurred in the upper reaches of the Pascagoula basin during
February 1961. The flood on the lower reaches of the river system
was not as great because of the rainfall distribution.

TEMPERATURE

Temperature in the Pascagoula River basin influences runoff from
the basin, but to a less degree than does precipitation. The ratio of
runoff to precipitation decreases in the summer owing to higher
evaporation and transpiration losses (fig. 6). Evaporation and tran-
spiration are directly related to temperature.

HURRICANES

Hurricanes influence the water resources of the area by causing
intense rainfall and high tides. Asnoted above, the maximum 24-hour
rainfall recorded in Mississippi occurred at Merrill during thel916
hurricane, and the rainfall produced the second highest known flood
on the main stem Pascagoula River. This hurricane produced a
tidal stage of 7.0 feet above msl in the Escatawpa River in the vicinity
of the bridge on State Highway 63 at Moss Point; the 1947 hurricane
produced a stage of 5.3 feet at the same location. The 1947 hurricane
produced a tidal stage of 7.7 feet in the mouth of the Pascagoula
River, where the mean high tide is 1.1 feet. Hurricane Ethel, in
September 1960, produced a tidal stage of 4.5 feet at this location.
Tide waters from Hurricane Ethel reached an elevation of 4.3 feet in
the Bayou Casotte industrial area near the plant of H. K. Porter Co.,
Inec.

In addition to flood damage, hurricane tides move large quantities
of salt water up the Pascagoula River system. Prior to hurricane
Ethel, salt water was at about mile 13 in the Pascagoula River; the
day after, it was observed at mile 17 and was receding. The exact
penetration of salt water during this hurricane is not known, but
probably was not beyond mile 18.

EVAPORATION AND TRANSPIRATION

Evaporation is the water vaporized from water surfaces and moist
soils. Temperature, relative humidity, and wind are the major
climatic factors influencing evaporation. In the Pascagoula area, the
average annual evaporation from lakes is about 48 inches, and the
average May to October evaporation from a shallow lake is approxi-
mately 66 percent of the average annual evaporation, or 32 inches.
These data are averages but are adequate for use in the preliminary
design study of a reservoir. However, a major project would require
a more reliable estimate of evaporation losses; this estimate could be
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obtained from a detailed study of the climatic factors at the proposed
reservoir site.

Transpiration is the process by which water vapor escapes from the
living plant, principally through the leaves, and enters the atinosphere.
Transpiration depends upon the availability of water, atinospheric
conditions, and the nature of vegetation. Water is usually abundant
in the Pascagoula area. Atinospheric conditions cause offsetting
influences on transpiration: the prevalent high humidity tends to
lower transpiration, but the high average temperature during the
growing season, about 80° F, and the prevalent coastal winds, in spite
of the high humidity, tend to increase transpiration. The vegetation
of the area probably is characterized by high transpiration. Water-
supply studies involving surface storage or transportation in open
channels should include allowances for transpiration by vegetation in
and adjacent to a reservoir or channel.

INFILTRATION

Infiltration is defined (Langbein and Iseri, 1960, p. 12) as ‘“The
flow of a fluid into a substance through pores or small openings. It
connotes flow into a substance in contradistinction to the word ‘perco-
lation’ which connotes flow through a porous substance.”

The upland surfaces in the study area are conducive to infiltration,
where they are broad and flat and are underlain by unconsolidated
fine to coarse sand. Lower surfaces, valley walls and stream bottoins,
are composed nostly of clay, silt, and fine sand (pl. 1). The section
in much of the upland is characterized by the log of an auger hole 16
feet deep that showed reddish-brown coarse sand containing a few
thin clay streaks extending from the surface to the bottom of the hole.
A sandy 1naterial also underlies the broad terrace south of Wade to
Escatawpa.

Only a few inches to a few feet of compact material having a lower
infiltration capacity than the sand just described occurs above the
more permeable material. The circular depressions on the uplands
contain ponds after heavy rains; many of the ponds become dry within
a few days after the rains. Clayey naterial inay exist beneath the
depressions, but it probably is no more than a few feet thick.
Although infiltration-capacity data are not available, it is clear fromn
the data at hand that a large part of the upland and terrace surfaces
are composed of material conducive to ready infiltration.

AQUIFER STORAGE AND MOVEMENT OF WATER

An aquifer is a formation, group of formations, or part of a formna-
tion that is water-bearing. The porosity is a measure of the quantity
of water in storage in an aquifer and is determined by the physical
character of the aquifer. The aquifers in this area are composed of
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unconsolidated sand or sand and gravel of different degrees of sorting;
therefore, the quantity of water in storage varies. All sediments
lying below the water table are in the zone of saturation, and a vast
quantity of water is in storage and is readily available for develop-
ment. Part of the water contained in fine-grained materials, which
are clay and silt comprising the confining beds (aquicludes), becomes
available over a long period of time as pumping lowers the hydro-
static pressure in the aquifer and permits vertical movement of water
from the aquiclude into the aquifer. For this reason, an additional
quantity of water is available to augment the supply actually
contained in an aquifer.

In localities where the land is only a few feet above sea level, the
water table is near the surface and little or no room is available for
additional water storage. In the uplands the water table in the
surficial deposits is as much as 60 feet below the surface, and, although
the quantity of water in storage is large, the available storage above
the water table in places exceeds the saturated thickness. If neces-
sary, part of this available storage could be used for artificial recharge
of sands that are unsaturated because of the topographic position of
the aquifer.

Movement of ground water through the area is from high elevation
to low elevation and eventual discharge in the Gulf of Mexico. In
the aquifer outcrop, water is unconfined and the water surface is the
water table. When the aquifer dips below the surface and the water
in the aquifer is confined between relatively impermeable beds,
artesian conditions are created that cause the water level in a well to
rise above the top of the aquifer. The height at which water stands
above the top of the aquifer is an imaginary surface known as the
piezometric surface. Three piezometric maps (pls. 4—6) are included
in this report to illustrate the direction of movement of water in
three of the aquifers. The contours on the maps connect points at
which water ip the aquifer will stand at the same altitude. Ground
water flows in the direction of slope of the piezometric surface or
water table, and the rate of slope is the hydraulic gradient.

Permeability is a measure of the ability of 1 square foot of an
aquifer to transmit water, whereas transmissibility is a measure of the
ability of the entire aquifer to transmit water. Yield and specific-
capacity data for a well are useful, but they do not adequately describe
the transmissibility or the interference between wells that results from
ground-water withdrawals. The coefficients of transmissibility and
storage are determined from aquifer tests.

The coefficient of transmissibility was determined by the Theis
graphical method from data obtained in aquifer tests (Wenzel, 1942,
p. 87-90). Interpretations based on the results of eight aquifer tests

785-727 0—64——3
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are shown graphically in figures 24, 27, and 30 and are discussed in
the sections describing the aquers

Ground-water losses include natural and artificial dlscha.rge
Natural losses include: the consumption of water by plants whose
roots reach down to or near the water table, discharge of water to
the Gulf through the subaqueous outcrop on the continental slope,
and upward leakage of water through the overlying beds into the
Gulf. Losses occur also along stream channels in the uplands where
ground water is discharged in springs at the contact between coarse
sandy deposits of the Citronelle Formation and clays of the Pascagoula
and Graham Ferry Formations beneath. Swampy conditions are
common in this area.

Many wells are allowed to flow unrestricted, and much of the water
goes to waste. On the basis of an assumed average flow of 10 gpm
from each of 230 known wells in the project area, the discharge is 3
mgd, more than enough to supply Pascagoula. This loss is diminish-
ing as water levels continue to decline, and it eventually will be
negligible as artesian pressures decline below the land surface.

SURFACE STORAGE

Storage of water on the land surface can be divided into two cate-
gories, manmade and natural. In the Pascagoula area the only
manmade storage facility of consequence is Big Creek Reservoir,
formed by a dam on Big Creek (tributary to Escatawpa River) near
Hamilton, Ala. The drainage area of Big Creek at the dam site is
103 square miles. The reservoir is a source of the water supply for
Mobile, Ala.

Big Creek Reservoir stores 17.4 billion gallons of water and has a
surface area of approximately 3,600 acres. An additional 2 billion
gallons of water can be stored by maintaining the reservoir level 2 feet
higher than in 1961. The entire flow of Big Creek is not retained in
the reservoir, and excess waters are released through a gated spillway.
The amounts of water withdrawn for the Mobile water-supply system
and the amounts released to Big Creek are compared below for the

years 1957-60.

With-
drawals Releases
(million (million

Year gallons)  gallons)
1987 e 29,200 21, 400
1958 o e 29, 500 23, 400
1959 . 30,800 31, 400
1960 . - 30,100 19,000

During the period 1957-60, water was withdrawn from the reservoir
at an average rate of about 125 cfs (80 mgd). The natural daily
flow of Big Creek in the reservoir vicinity was less than 125 cfs about
30 percent of the time. Water has been released from Big Creek



SOURCES OF SUPPLY 27

Reservoir during every month of the year, although during some years
there were no releases during periods of dry weather. A monthly
tabulation of releases from the reservoir during the period 1958-60
are shown in the following table.

‘Water released from Big Creek Reservoir, in millions of gallons

Year
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

3,500 | 3,760 | 2,480 | 1,500 | 2,500 | 1, 3,600 | 2,870 | 1,600 0 0 0
03160 | 2680|380 |3700|37100]|3000 (2700|2370 |5100] 90| 840
3,800 | 1,780 | 1,450 | 2,370 | 4,700 0| 1,200 | 2260 | 1,160 0 0o 300

During this study, streamflow data for Big Creek downstream from
the reservoir (pl. 1, station Q) were obtained during periods of no
release from the reservoir; therefore, the data indicate streamflow
yield of the basin below the reservoir. A reduction in releases from
the reservoir would not affect the interpretations made in a sub-
sequent section (p. 37-51).

About a hundred farm ponds are in the Pascagoula area and are
used primarily as a water supply for domestic animals. The effect
of these ponds on the yield of streams is negligible.

Most of the natural storage of surface water in the area is in lakes,
although a small amount of water is stored in depressions (east of the
Pascagoula River). Jackson County has more named lakes within
its boundaries than any other county in the State; most of these lakes
are old meanders of Pascagoula and Escatawpa Rivers and many
are still connected to the parent river. Water from Mississippi
Sound penetrates into lakes in the lower reaches of these rivers.
(See p. 77, 78.)

Large quantities of water are evaporated from the surfaces of all
the lakes during extended periods of hot weather, and the low-flow
yields of streams connected to the lakes are affected. The degree
to which the yield of such a stream is affected depends upon the
relative yield of the stream and the lake area to which it is connected.

FACTORS AFFECTING THE WATER QUALITY
PRECIPITATION

Inasmuch as precipitation is thie source of practically all available
water, the original water quality is the quality of the rainfall. In
the project area the amounts of dissolved minerals in rainwater are
variable and probably are dependent upon the origin and wind
characteristics of individual storms. The following table shows the
results of partial analyses made on three samples of rainwater col-
lected in the Pascagoula area.
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Results, in parts per million, of analyses of rainwater samples

Sample
Constituent
1 2 3
Calcium.ao ... 4.6 1.8
Magnesium 4.7 2.0
S At e - e o e | e mamam 13 5.2
Chloride - 6.0 76 2
Specific conductance (micromhos at 25°C) 35 286 105

Collected northeast of Pascagoula, Miss., Aug. 23, 1960. Wind south-southwest at 5-15 mph.
2 Collected at Biloxi, Miss., Sept. 15, 1960. Wind east at 30 mph. Sample taken at 10:00 a. m. before
arrival of the eye of hurricane Ethel
3. Collected northeast of Pascagoula, Miss., Sept. 15, 1960. Wind southwest. Sample taken during
latter part of rain from hurricane Ethel.

Although the analyses of these samples emphasize the variability
in quality of rainwater, none are representative of the long-term
quality of rainwater in the area. Junge and Werby (1958) show that
for the area along the Mississippi Gulf Coast, the average concen-
trations of sodium and chloride in rainfall for the year July 1955
to June 1956 ranged from 0.6 to 1.0 milligrams per liter (same as
parts per million). They state that the quantities of these components
rapidly decline from the coast to inland areas.

The long-term effect of rainfall on the quality of the water supply
probably is insignificant. The effects of rainfall of a poorer quality
such as the precipitation accompanying hurricane Ethel, would be
more pronounced in surface water than in ground water. Even
the surface-water effects would be of short duration because most
of the rainfall returns to the Gulf as direct runoff.

GEOLOGIC EFFECTS

To a large extent, the mineral content of earth materials in the
area controls the chemical quality of both surface and ground waters.
Rainfall usually has a very low dissolved-solids content when it
reaches the ground, and any increase in the dissolved solids depends
primarily upon the composition and solubility of the rocks and soil
and the length of time the water remains in contact with them.
Therefore, the chemical character of surface and ground waters
reflects the geologic environments through which the water has passed.

Water in recharge areas has been in contact with earth materials
a relatively short time and usually is less mineralized ; as water moves
deeper into an aquifer and down dip from the recharge area, its
dissolved-solids content increases. Several things alter the chemical
character of water as it moves through an aquifer. Decomposition
of carbonaceous material in the aquifer increases the color and the
carbon dioxide content of the water at some locations. In the
deeper aquifers, calcium in solution is exchanged for the sodium of
base-exchange minerals in the aquifer material. Depositional en-
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vironment of part of the sediments was such that salty or brackish
water has been trapped in them. Because of differences in permea-
bility and the lenticular nature of the sands, trapped salt water has
been more completely flushed from some aquifers than from others.

Water in the ground has a fairly constant temperature at a par-
ticular depth. Near the surface, the temperature of ground water
is very near the mean annual air temperature; temperatures increase
with depth below land surface, and the rate of increase is the tempera-
ture gradient. The gradient in the Pascagoula area is about 1.2° F
per hundred feet.

The chemical quality of Pascagoula River is largely determined by
the geologic units cropping out in the headwater areas of the Leaf and
Chickasawhay Rivers. That these outcropping strata contain ap-
preciable amounts of soluble material is reflected in the dissolved-
solids content of Pascagoula River. The tributary streams of the
Pascagoula, however, drain surface deposits that contain very little
soluble material ; therefore, the water of the Pascagoula tributaries has
a lower and more uniform dissolved-solids content than that of the
Pascagoula itself. Even at base-flow, when most of the flow repre-
sents ground-water discharge, there is no appreciable increase in the
dissolved-solids content of the tributaries.

The nature and erodibility of the surface material affect the sedi-
ment yield of a stream. Because the surficial materials in the head-
waters of the Leaf and Chickasawhay Rivers generally are finer
grained than the materials in the project area, the sediment concen-
tration in the Pascagoula River is greater than in its tributaries.

SALT-WATER INTRUSION

Salt-water intrusion affects the chemical quality in the tidal reaches
of Pascagoula and Escatawpa Rivers. The chemical quality of water
at any point in the tidal reaches varies widely, depending upon the
tide conditions and the amount of fresh-water discharge. A zone of
salt-water diffusion apparently exists in the sands of the Citronelle
Formation and terrace deposits where they are adjacent to the coast
and to the tidal reaches of the streams. No evidence was found of
salt-water intrusion in the deeper aquifers. However, some of the
sediments in these aquifers have not been completely flushed of salty
water trapped in them at the time of deposition.

MUNICIPAL, INDUSTRIAL, AND OIL-FIELD WASTES

The quality of surface water is adversely affected by additions of
municipal and industrial waste and oil-field brines. Excessive
amounts of organic waste from municipel sewage and industrial
effluents can deplete the dissolved oxygen in the surface water and
may also cause objectionable odors. Industrial effluents can raise the
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water temperature or can add harmful chemicals to the water, and
thereby make it unsuitable for certain uses downstream. The dis-
charge of oil-field brine into Pascagoula River and Red Creek has
increased, at times, the dissolved-solids content of the water; if enough
brine from this or other sources is added, the water will be unsuitable
for many uses.

RELATION OF QUALITY OF WATER TO USE REQUIREMENTS

An adequate water supply is a determining factor in the selection of
an industrial site. Sharing importance with quantity of water is the
chemical quality, temperature, degree of pollution and, in most
surface supplies, the suspended sediment carried by the stream.

Chemical analyses of water for municipal or industrial uses are
necessary to determine whether the water is suitable- for specific
purposes, and, if not, to determine the type and cost of treatment
necessary to make it satisfactory. The analyses aid in determining
the suitability of water for drinking, steam production and heating,
manufacturing, laundering, or other uses. Comprehensive analyses
can also be used to determine the cost of softening water, its scale-
forming properties, or its tendency to corrode plumbing.

Information on water hardness is of great importance. In domestic
use, water hardness is recognized by the difficulvy of obtaining a lather
without an excessive consumption of soap, the insoluble sticky curd
that results in washing processes using soap, and the scale formed in
vessels in which the water is boiled. Industry gives much attention
to hardness of water because of its affects on manufacturing processes
and products. Hardness is the property of water attributable to the
presence of calcium and magnesium salts. Other constituents such
as iron, manganese, aluminum, barium, strontium, and free acid also
cause hardness of water, but generally they are not present in suffi-
cient quantities to have an appreciable effect. Waver having a hard-
ness of less than 60 ppm usually is rated as soft, and it is suitable for
most purposes. Hardness ranging from 61 to 120 ppm may be con-
sidered moderate, but it does not seriously interfere with the use of
water except in high-pressure boilers and in some industrial processes.
Water having a hardness ranging from 121 to 180 ppm is hard, and, in
the upper ranges, laundries and industries may soften the supply
profitably. Water having a hardness greater than 181 ppm is very
hard and usually is softened before being used.

Iron and manganese in excess of 0.3 ppm in water are objectionable
for several reasons. Excessive amounts of these constituents leave
a reddish-brown stain on white porcelain or enamelware, fixtures, and
clothing or other fabrics, and interfere with dyeing, tanning, paper
manufacturing, and the processing of many other products.
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Sediment and color in water have a pronounced effect on its quality.
Sediment is composed of such materials as sand, clay, silt, and finely
divided organic material. 1f water containing sediment is not clarified
before it is used, the abrasive action on pumps, valves, and turbine
blades may be very costly.

The color of water is due only to substances in solution. Color in
water may be of natural origin or may be due to the works of man,
and may be of mineral, animal, or vegetable origin. It may be caused
by metallic substances, humic material, peat, algae, weeds, or micro-
scopic organisms. Industrial waste may also be the cause of color in
water. Highly colored water may foam in boilers and can stain
processed products. Color is objectionable in public water supplies
for aesthetic reasons.

Generally accepted chemical specifications have been established for:
water used domestically and are independent of any sanitary standards
established for the protection of the public health. The United States
Public Health Service (1946) established chemical and physical speci-
fications for drinking water used on interstate carriers, as follows:

Recommended

i limits (parts

Constituent per million)

Iron and manganese together_ _____________________ 0.3
Magnesium._______________ L __._. 125
Chloride - - - - . e 250
Sulfate_ e 250

Fluoride - - - e 1.5

Lead . - e 1
Color_ - _ e 120
Dissolved Solids_ _ _ _ oo 2500

1 Expressed in units on the cobalt scale.
21,000 ppm permitted if no other water is available.

These limits have since been adopted as standard for public water
supplies by the American Water Works Association and by most
municipalities.

Water containing less than 500 ppm of dissolved solids generally is
satisfactory for most domestic and industrial uses; however, excessive
iron content or hardness may cause difficulty in some uses. Water
containing more than 1,000 ppm of dissolved solids is likely to include
certain constituents that make it unsuitable for domestic or industrial
uses. The chemical requirements for water used by different indus-
tries are so variable that it is impossible to establish specifications for
all uses. In general, most industries require clear water that is low
in total mineral content and hardness. Water temperature is also an
important factor in determining the value of water for industrial use.
The requirements of chemical quality of water for various industrial
processes are given in table 2.

The suitability of water for irrigation depends not only on the
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TaBLE 2.—Water quality tolerances for industrial applications

[American Water Works Association (1950, p. 67, table 3-4). Remarks: A, no corrosiveness; B, no slime
formation; C, conformance to Federal drinking-water standards; D, Al3Os less than 8 ppm, SiO; less
than 25 ppm, Cu less than 5 ppm. Chemical constituents in parts per million}

Industrial use Tur- { Color| Fe | Mn | Fe+ | Hard- | Alka- pH Total Remarks
bidity Mn | ness | linity solids
Air conditioning 1. __|________|._._.___ 0.5 [0.5 | 0.5
Baking____.____.____ 10 10].2 2 2
Boiler feed:
0-150 psi- . ....._ 20
150-250 psi_ .. 10
250 psi and up-.. 5
Canning:
10 .. 2 .2 .2
10 |___ 2 .2 .2
2 10] .2 .2 .3
............... 2 .2 .2
Cooling 5. 50 |- 5] .5 | .5
Ice (raw water) 6_ 1-5 5.2 .2 .2
Laundering. . _..__.|..._._._|..c.___ .2 .2 .2
Plastics, clear,
uncolored. ... 2 21.02| .02 .02 ||| et 200
Paper and é)ulp: 4
Groundwood.... 50 20 (1.0 .5 .0 A
Kraft pulp__.._. 25 15 .2 .1 .2
Soda and sulfite_ 15 10].1 .05 .1
1 .05 .1 B
.03 05 50 | cceeoenn 100 | D
.0 85 | oo 7.883 [-coeomeeaas
.2 2 | 50-135 135 80 | .
250 | 20 |
W26 .25 20 [ e
. 1.0 [ 1.0 20 | e e
Cotton bandage_ 5 5].2 .2 .2 P (1 N U P,

1 Waters having algae and hydrogen sulfide odors are most unsuitable for air conditioning.

2 Some hardness desirable.

3 Clear, ordorless, sterile water for syrup and carbonation. Water consistent in character. Most high-
quality fitered municipal water not satisfactory for beverages. .

4 gard candy requires pH of 7.0 or greater, for low value favors inversion of sucrose and causes sticky
product.

¢ Control of corrosion is necessary as is also control of organisms, such as sulfur and iron bacteria, which
tend to form slimes. .

¢ Calcium bicarbonate is particularly troublesome. Magnesium bicarbonate tends to greenish color.
Carbon dioxide assists to prevent cracking. Sulfates and chlorides of Ca, Mg, Na should each be less than
300 gp;n (white butts).

7 Uniformity of composition and temperature desirable. Iron objectionable because cellulose absorbs
iron from dilute solutions. Manganese very objectionable; clogs pipelines and is oxidized by chlorine to
permanganates, which cause reddish color. .

8 gxcessive iron, manganese, or turbidity creates spots and discoloration in tanning of hides and leather
goods.

? Constant composition; residual alumina less than 0.5 ppm.

bl; Otglciugll, magnesium, iron, manganese, suspended matter, and soluble organic matter may be
objectionable.

dissolved constituents in the water but also on the drainage charac-
teristics of the land, permeability of the soil, chemical reactions in
the soil solution, amount of water to be applied, and the type of crop
to be grown. Some of the chemical-quality factors that determine
the suitability of a water for irrigation are the total salt content, the
amounts of some constituents in the water and the relative proportions
of some of the ions in solution. Generally, water used for irrigation
should have a moderate to low total salt content. The percent
sodium should not exceed 50 to 60, depending upon the total salt
content.
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SURFACE WATER

An abundant supply of surface water of good quality is available
in the Pascagoula area. During an average year, approximately 4
trillion gallons of water flow, at an average rate of about 16,000 cfs
(10,000 mgd), into Mississippi Sound from Pascagoula River. The
quantity and quality of streamflow, however, varies with time and
place, and this variability requires the collection and interpretation of
considerable data to appraise adequately the surface-water resources
of the area. The stream-gaging and water-quality stations are listed
in table 3 in downstream order by USGS national order number.

VARIABILITY OF STREAMFLOW

Streamflow records in the Pascagoula area were analyzed to deter-
mine quantitatively the variability of surface water with time and
place. The variability of flow at Merrill can be determined by study
of the 30 years of daily-discharge record at this location. Graphical
presentations (discharge hydrographs) of some of these data are shown
in figures 7 and 8. The variation in daily discharge during the years
of maximum and minimum discharge are shown in figure 7. Stream-
flow is quite variable even during dry years; the year 1954 had a range
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FIGURE 7.—Daily discharge hydrographs for years of maximum and minimum discharge, Pascagoula
River at Merrill, Miss., 1931-60.
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F1GURE 8.—Daily discharge hydrographs for months of maximum and minimum discharge, June to
November 1931-60, Pascagoula River at Merrill, Miss.



SURFACE WATER 37

in daily discharge from 31,200 to 805 cfs. Further evidence of the
variability of daily streamflow can be seen in figure 8, which shows
daily discharge hydrographs for the months of maximum and minimum
discharge, June to November 1931-60. Also shown, for comparison
with the extremes, are the computed median discharges for each
month. The streamflow pattern of Pascagoula River at Merrill in
past years can be determined from these hydrographs. '

The streamflow records collected during this study (1958-60) are in
themselves too short for an accurate appraisal of stream characteris-
tics. In a short period of record a stream may experience more than
its share of flood or low flows. The monthly mean discharges for the
Pascagoula River at Merrill during 1959 and 1960 are compared with
the median monthly mean discharges of record in the following table.

% Mean discharge for indicated month (cfs)
Year
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.
1969 _________ 8,067 [16,910 (10,790 {13,060 | 5,800 (18,010 | 5,944 | 4,282 | 3,798 | 8,314 (10,560 | 6,743
i?[ﬁod_l ......... 10,820 (19,320 (17,850 |17,430 (13,560 | 2,262 | 2,147 | 5,355 | 3,220 | 2,787 | 4,036 | 3,098
edian
(1931-60) ... | 9,857 {16,800 (19,450 14,140 | 7,208 | 3,486 | 4,106 | 4,382 | 2,698 | 2,066 | 2,535 | 6,584

The data show that montly discharges during periods of low flow in
1959 and 1960 were generally higher than median. Adjustment to a
long time base period was required to evaluate the low-flow data
collected during this short period of above-median streamflow.
Probable future flows of streams are estimated on the basis of stream-
flow records adjusted to a common base period. Probabilities of
future flows have been estimated through use of flow-duration and
low-flow frequency curves. Explanations and examples of these
curves are presented in the following section, and the data developed
for stations in the area are presented in tabular form. Streamflow
information related to the magnitude and frequency of floods, average
minimum flow as defined by the Mississippi water law, and tide
characteristics are also included in the next section.

STREAMFLOW CHARACTERISTICS
FLOW DURATION

Flow-duration data for continuous-record gaging stations were
computed from the daily discharges by the total-period method.
Flow-duration curves based on these data show, without regard to
chronological order, the flow characteristics of a stream throughout
the range of discharge.

A flow-duration curve developed for the Pascagoula at Merrill
from data collected during the past 30 years represents only a sample
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of the long-term flow characteristics of the stream. A particular
stream can have higher or lower flows in critical periods than other
streams in the area. If the record at Merrill is to be used for pre-
dicting future flows, it should be adjusted to allow for these chance
occurrences. Flow-relationship curves were developed from data
collected at Merrill and other long-term continuous-record stations
in Mississippi and adjacent states. Each flow-relationship curve
was based on flow-duration data computed for a common period of
record at the two stations being related. Duration data were trans-
posed through these curves of relation and adjusted data were de-
termined for each station. The adjusted flow-duration curve for
Pascagoula River at Merrill is shown in figure 9. The base period
1929-57 (used in another study) was used to avoid the lengthy recom-
putations that would be necessary to adjust the data to a new base
period. Flow-duration data for Pascagoula River at Merrill were
computed for the period 1931-60 and plotted in figure 9 for comparison
with the adjusted curve. There is little difference between the two
sets of data.

Flow-duration data were computed by techniques described by
Searcy (1959), for the other continuous-record and partial-record
stations in the area. Because of the scant data at the short-term
continuous- and partial-record stations, only the lower end of the
flow-duration curves could be estimated for these locations.

A tabulation of adjusted flow-duration data for stations in the
area is shown in table 4. These data can be plotted on logarithmic-
probability paper similar to that used in figure 9, if graphical pres-
entation is desired. If no man-made or unusual climatological
changes occur, the data in table 4 are reliable predictions of the future
flow patterns of the streams in the area.

Flow-duration data for stations on the main stem Pascagoula River
show the progressive increase in flow of the river from the station at
Merrill to the station at Graham Ferry. Comparison of discharges
that are equaled or exceeded 95 percent of the time indicates about
10 percent increase in discharge from Merrill to Hardwood Railroad
Crossing, about 10 percent increase from Hardwood Railroad Crossing
to “below mouth of Big Cedar Creek,” and about 25 percent increase
from “below mouth of Big Cedar Creek’” to Graham Ferry. Most of
of the increase in discharge in the lowest reach is due to inflow from
Big Black Creek, and about 60 percent of the increase in discharge
in the other two reaches is due to tributary inflow.

The increase in discharge of Pascagoula River from Graham Ferry
to its mouth was not determined quantitatively; however, study of
the topography and surficial geology of the area indicates that most of
the increase is due to tributary inflow. Tributary inflow, most of
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F1GURE 9.-Duration curve of daily flow, Pascagoula River at Merrill, Miss.

which is from Escatawpa River, increases the discharge about 20
percent.

Flow-duration data in table 4 are also excellent tools for comparing
flow characteristics of different streams. The data have been adjusted
to the same base period, and so removal of the effect of drainage area
(dividing discharge by drainage area), permits direct comparison.
The lower end of flow-duration curves for the stations on Big Cedar
Creek, Black Creek North, Bluff Creek, Franklin Creek, and Es-
catawpa River (station near Hurley) are shown in figure 10. These
stations were selected to show the variation in base flow of streams
in the area. Franklin and Big Cedar Creeks have much higher
streamflow yields per square mile than the other streams shown in
figure 10. The slopes of the flow-duration curves of these two streams
are flatter than those of the low-yielding streams. Slope of the
duration curve is a measure of the variability of that stream. Thus,
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EXPLANATION

iV
/

1. Franklin Creek near Grand Bay, Ala.
2 2. Big Cedar Creek near Wade, Miss.
\ 3. Escatawpa River near Hurley, Miss.
\ 4. Bluff Creek near Vancleave, Miss.
\ \ 5. Black Creek North near Wade, Miss.
\\ N —
0.7 \\ T~
\\ ~~>
) \\ \\\\
\ N

DISCHARGE, IN CUBIC FEET PER SECOND PER SQUARE MILE

0.2 N 3
N
N,
0.1
0.07
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\ 5
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50 60 70 80 ‘ 90 95 98 99

PERCENT OF TIME DISCHARGE EQUALED OR EXCEEDED THAT SHOWN

FIGURE 10.—Duration curves of daily flow for selected streams, Pascagouls River basin, Miss., based on
data adjusted to period 1929-57.
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in this area, it appears that the tributary streams having high stream-
flow yields vary less in base flow than streams having lower yields.

Although the information shown in figure 10 is expressed as dis-
charge per square mile, it is not meant to imply that each drainage
basin has uniform yield. The streamflow yields of segments of
individual strears vary due to differences in topography, channel
incision, and, in some places, surficial geology. Care should therefore
be exercised in the extrapolation of flow-duration data to an ungaged
site solely on the basis of size of drainage area.

The adjusted flow-duration curve is representative of the flow
pattern over a long period of time. The duration curve for any
particular year can deviate from this pattern, as shown in figure 11.
For example, the discharge equaled or exceeded 90 percent of the time
during 1954 was 1,000 cfs; during 1959-60, 2,300 cfs; and during the

80,000
\\
50,000 AN
N \ ‘ EXPLANATION
™ N } 1. Water years 1959-60
2. Adjusted curve, base period 1929-59
\ \ 3. Water year 1954
N\
20,000 N \
zZ \
8 N
@ N\
[+
& AN
= 10000 \
75}
t \
(&)
8 \
it \\
z 5000 \
o \ \
£
: \ \
2 \
) \
2000 \ \
AY
NERY ~]
N 1
N
~N \4
\ \
1000 .
~ ~2
N
1|5
600
05 1 10 30 50 70 90 95 98 99 99.5

PERCENT OF TIME DISCHARGE EQUALED OR EXCEEDED THAT SHOWN

FIGURE 11.-~Durstion curves of daily flow, Pascagoula River at Merrill, Miss.



SURFACE WATER 43

base period, 1,500 cfs. The adjusted flow~duration curve can therefore
be used to estimate the probable future flow on a long-time basis,
but individual years will deviate considerably from the long-time
period. Thus, itisnot possible to tell from the adjusted curve whether
daily discharges less than 900 cfs, which occur 1 percent of the time,
will occur during one severe drought or during several droughts
occurring in different years. The low-flow frequency curve largely
overcomes the limitations of the flow-duration curve.

LOW FLOW

Statistical studies are made of streamflow records to determine the
probable frequency of occurrence of future low flows. To furnish
information on the magnitude and duration of river discharge during
periods of low flow, records of stations in Mississippi were analyzed
to determine the lowest mean discharge for periods of 7, 15, 30, 60,
120, and 183 consecutive days for each climatic year of record. At
each station and for each period of consecutive days, the data were
assigned order numbers beginning with the lowest flow as order
number 1. The assigned order numbers were converted to recurrence
interval from the formula:

Recurrence interval=1ﬁ}
M
where
Recurrence interval value in years=—the long-time average
interval between annual minimum discharge equal to or less
than the given minimum;
N=number of years of record; and
M=assigned order number.

As for flow-duration data, the individual station data were adjusted
to the base period 1929-57 by comparison with records at long-term
gaging stations. Low-flow data for Pascagoula River at Merrill
are shown as a family of curves on the logarithmic-frequency paper in
figure 12. Low-flow frequency data for all streamflow stations in the
area are shown in table 5. Frequency data for partial-record stations
were computed for periods of 7, 15, and 30 days only, because of scant
data. If graphical presentation is desired, the data in table 5 can be
plotted on graph paper similar to that used in figure 12. The fre-
quency data presented in the table are estimates of the probable
frequency of occurrence of low flows at the indicated locations,
provided no appreciable climatological or man-made changes occur
upstream.

Frequency data in table 5 indicate that during a 50-year drought
the base flow of many streams in the area would be well sustained.
The largest low would be in the Pascagoula River, where a minimum



WATER RESOURCES, PASCAGOULA AREA, MISSISSIPPI

44

81 112 652 $0e 144 00 00T ‘T | €81
4l €91 081 e q1e 06% 092 0zt
qL 16 811 ¥l ¥IZ 9ge 089 09
z9 6L 96 STI 891 192 STF 0¢
9 %L 88 601 ¥ 862 Q¢ a1
I 99 08 86 6¢1 12 [ ¢ 2 b SSI “AT)SOA 18 ¥00ID poy |---"- =" 1
€82 298 1484 009 0FL 081 ‘1 0867 | €81
961 952 063 878 o1 008 00e‘T | 031
911 091 €81 922 2€8 089 028 09
€6 441 651 a8t $9% 254 0.9 0
a8 1t 9g1 691 152 1.8 969 91
L 101 €21 €91 812 288 ag9 L (1) 972 SSIA ‘ofepuuag Ieou ¥oa1) Jourg dig [~ H
g i3 9 6" LT Le L] 0g
g IS g L [ 0e L9 et
z e LA 9 . (N 93 Lg L [ 1 S Ittt SSIIN ‘OPBM J8dU qIION Joo1D) JaeRg [~7"T7TTT D
089 ‘1 0081 0.0'% 0592 06% ‘¢ 00% ‘e 009‘s | €81
082 ‘T 0451 0£9°'T 006 ‘T 029°C 000 ‘¢ 00%‘9 | 031
0001 0911 065 ‘T 0871 000°Z 0862 008‘? | 09
086 0.0°1 0611 01g'1 069 ‘1 068 ‘Z 0zg‘e | 0g
068 020 ‘T 0311 093 ‘T 089 ‘1 0812 orr‘e | g1
98 096 0.1 081 ‘1 009 ‘1 090 ‘2 066 | L (13 T SSII ‘¥081) I8DPaD) 319 JO YINOUI MO1aq JPATY B[noFedsed |~~~~"""""" q
1 9 1 Ly 18 N 86 [
62 123 88 a4 €9 oL 26 91
13 28 98 |1 09 99 98 L [-3% £ I SSITAL ‘OPBM TB9U H00I)) 18Pd) Brg |7 i |
0071 019°1 0981 002 % ogr'e 000 ‘¢ 00%‘8 | €81
0z1‘T 008 ‘T 0Ly 1 00L°‘T 088°g 069 ‘¢ 006‘e | 031
068 080T 0811 01e't 008 ‘1 01L°% 00y | 09
018 076 0701 0Ll 0191 0812 092'¢ | 0¢
0LL 068 0001 (111981 00% ‘1 066 ‘1 o8z | 91
ggL 0%8 0¥ 0901 0ge‘t 0.8'1 opL'e | 2L 08L'9 Tt SSTIN ‘3Ulss01) PBOI[Ied POOMPIBH 98 IOATY B[moBedseq (=~~~ 7" a
41 [y 81 12 3 6¢ 89 0g
14 1 91 61 4 9 29 a1
I, 198 a. 8t ¥ 33 8% L ('K 7 250 R SSIIAL ‘SPB0JSSOI)) Jedu ¥oa1D) Brg |--T T 0
0821 0281 08L°1 0802 080°¢ 008 % 006°L | €81
0801 003 ‘1 0981 0691 0¥5'G 009 ‘¢ 089‘9 | ogl
808 0%6 080 ‘T 0221 069 ‘T 08¢ ‘g 0607 | 09
%L 858 88 001 007 ‘T 080‘% 060°‘¢ | o
0L 808 ¥06 0201 062 ‘T 078°1 onL'e | 9T
0.9 YLL 198 296 082 ‘1 081 0982 | 2 (1717 X N et SSTNL ‘[{[I9AL ¥8 JOATY ®B[nodeoseq |~~~~"""""° v
09 0% ot g 4 [ €01
(sfep oAy | (1w bs) (1 -1d)
~NIOASU09) 8aIB 038 9UIBU UOIIBIS 199991
SIBOA Uy ¢ BAJIOJUT S0UILINISI POJBITPUT potidg -urmsigq WUIIIY
10§ ‘puoods 1od 390) 210 ND UT ‘A0F MO] [BRUUY

[suoryess SmBed 10010 J8 BIEP 0F UO[IB[OI JO SISE U 8S61 YOIBIN 09 6261 [14dV pored 03 pejsnfpe 18 Bye()

D240 DINOBYISDJ Y] UL SUOYDIS MOY WIS 0 Moy mo] nuup fo fouanbaif puv spnpubY—G AIAVJ,



45

SURFACE WATER

upyuely pue ‘UOSYoel ‘S PUB ‘AOLNH IVSU JOATY BAMBJEOSH JO SMOP POUI]UI0d
) PUB SJUAUIAINSBOUL IS} WO PISBq MOP MO[ Jo AdUNDAY JO SIIBWSH  *UO[)BOO[

*SYOAID)

ST} 1% POUIB)QO M SJUAUIIIMSEIUT PIJIIPE-OPI} MOJ B ‘UOIJB]S MOPUILIIIS B JON ¢

*IOAIOSOY YOI 31y WIOL) WILOIISUMOP BIB d38UEL(] ¢
*IJOAIOSOT O} WOI)

WBLISTWMOP J2I) 31 JO PIOIA MOPWBII)S STUASIIAOI UOF)BIOT STYY 8 BILP MOP-MOTT |

NpHNOSINNR
T deded t t t

MO 00 0D N o H
g

DLW HO I D
L

WSRBN IO O ©

-1 A

N 00
O W =t e i
—r -

11

W0 HN

ooa A
3 ggg&gdddagaﬁmi

ow

908

L°09

fai4

gi8

ot

(414

689

091 ‘8

........................ SSTJAL ‘9ABIUBA J8OU Y9I SIOSUNON
............................. SSTINL ‘9ABO[OUBA J8oU ¥oo1) pnid
........................... SS| ‘S8USRH 98 YINOg YRID Yovld
........ ¢'SSIIAL ‘9A01p) 98UBI( IBOU FT O[IUI 98 ALY BdMB)8ISH
.......................... B[V ‘Avg puBly) IBOU J9A1) UINULLT
....................... SSIJA ‘0A01p) 9BUBIQ 180U JOOI0) UOSYIBL

.............................. SSIIL ‘yutod 81 J8eu Y2ID 31

........................... SSIL ‘A91INH 180U J9ATY 8dM8JBISH

............................ B[V ‘IOWITIAL J8OU JOATY BdMEBI808T

.......... SSIIAL ‘OpBM TBOU ALI0J WIsyelp I8 PALY B[MOoZeIsBq




46 WATER RESOURCES, PASCAGOULA AREA, MISSISSIPPI

30,000

,_
S
g

5000 \ i

3000 \

J
Il

FOR LENGTH OF PERIOD SHOWN

AVERAGE DISCHARGE, IN CUBIC FEET PER SECOND

1000 1120 days

Example: | -60 days

The lowest 7-day flow in a year probably will be ‘32 g:);:

500 less than 774 cfs at average intervals of 20 years 7 days
1.01 1.2 2 5 10 20 50

RECURRENCE INTERVAL, IN YEARS

FIGURE 12.—Magnitude and frequency of annual low flows, Pascagoula River at Merrill, Miss., based on
data adjusted to period 1929-57.

7-day flow of about 1,000 cfs could be expected at Graham Ferry.
The Escatawpa River would have a minimum 7-day flow of about
140 cfs in the vicinity of Orange Grove. Franklin, Jackson, and Big
(tributary to Escatawpa River) Creeks would probably have 7-day
minimum flows of 10, 15, and 50 cfs, respectively. The Big Creek
flow is based on the drainage area below Big Creek Reservoir. Flow
from Black Creek Swamp during a 50-year drought would be negli-
gible, as would the flows from Bluff and Moungers Creeks. All streams
in the Pascagoula area might not have the same frequency of drought
during the same year. A widespread drought would result in ex-
treme low flows on a large river such as the Pascagoula, but some of
the tributary streams in the area might not be having a drought of
equal severity.

Low-flow frequency data indicate the differences in base flow of the
many streams in the area that were shown by the flow-duration
curves in figure 10. At all streamflow stations the minimum 7-day
flows having recurrence intervals of 2 and 10 years and the minimum
30-day flows having recurrence intervals of 2 and 10 years were con-
verted to cubic feet per second per square mile and are shown in
table 6; base-flow yields of the streams can thus be compared in terms
of magnitude and frequency without regard to the size of the drainage
area.

The frequency data in table 6 show differences in the variability in
base flow of individual streams. These differences were indicated by
the variability in the slopes of flow-duration curves shown in figure 10.
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TABLE 6.—Low-flow yields of streams in the Pascagoula area
[Data are adjusted to period 1929-57 on basis of relation to data at other gaging stations]

Annual low flow, in cubic feet per second
per square mile for indicate period of
consecutive days and for indicated re-

Reference currence interval, in years
letter Station name Drainage
(. D area (sq mi)
7 days 30 days
2 years | 10 years | 2years | 10 years
A_________..| Pascagoula River at Merrill, Miss___ 8, 600 0.19 0.13 0.21 0.14
_| Big Creek near Crossroads, Miss.._. 44,6 .54 134 .61 -40
Pascagoula River at Hardwood 6, 780 .20 .14 .22 .15
Railroad Crossing, M.
Big Cedar Creek near Wade Miss__. 64.3 .78 .56 .89 .64
ascagoula River below mouth of 6, 910 .22 .15 .24 .17
iCedar Creek, Miss.
Creek North' near Wade, Miss. 15.6 .08 .03 L1 .04
Big Black Creek, near Ben.ndale 710 .31 .17 .37 .21
Red Creek at Vestry, Miss__________ 416 .33 .19 .40 .23
Pascagoula River at ’Graham Ferry 8,150 .23 .16 .26 .18
near Wade, Miss.
Escatawpa River near Wilmer, Ala._ 506 .20 .10 .25 .12
Escatawpa River near Hurley, Miss__ 639 .33 .19 .40 .23
Big Creek near Big Point, Miss 1.__. 2112 .78 .56 .88 .62
Ial\c/lizis;m Creek near Orange Grove, 37.2 .81 .56 .89 .62
Franklin Creek near Grand Bay, Ala._ 16.4 1.10 .85 1.22 .91
Escatawpa River at mile 14 near 875 .39 .25 .46 .29
Orange Grove, Miss. 3
Black Creek South at Helena, Miss__ 40.4 .04 .01 .06 .02
Bluff Creek near Vancleave, Miss____ 50.7 .22 11 .28 .13
Mlc\){uig.lsgers Creek near Vancleave 30.6 .04 .01 .06 .02

1 Low-flow data at this location represents streamflow yield of Big Creek downstream from the reservoir .

2 Drainage area downstream from Big Creek Reservoir.

3 Not a streamflow station; a few tide-aflected measurements were obtained at this location. Estimates of
frequency of low flow based on these measurements and the combined flows of Escatawpa Rivernear Hurley,
and Big, Jackson, and Franklin Creeks.

An index for comparing the variability of base flow was arbitrarily
chosen as the ratio of the minimum 7-day flow having a recurrence
interval of 2 years (7-day @,) to the minimum 7-day flow having a
recurrence interval of 10 years (7-day Q). The ratios of 7-day @, to
7-day @i, were determined for most gaging stations in the area and
plotted against the 7-day @, (fig. 13). The Pascagoula River was
excluded because of its large drainage area. Streams of this size in
humid areas attain base flow less frequently than the smaller tributary
streams.

A definite relationship is shown in figure 13 between streamflow
yield and variability of base flow of the individual tributary streams
in this area. Franklin Creek has a high 7-day @, of 1.10 cfs per sq mi
and a low variability ratio of 1.29 (1.00 indicates no variability in base
flow); Moungers Creek has a low 7-day @, of 0.04 cfs per sq mi and a
high variability ratio of 3.00.

FACTORS AFFECTING LOW FLOW

The base flow of streams in the Pascagoula area is derived primarily
from the Citronelle Formation, the terrace deposits, and the alluvial
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FIGURE 13.—Relation of streamflow yield to variability index in Pascagoula area.

fill. The Graham Ferry and Pascagoula Formations contribute little
to the base flow. Variation in base discharge among the streams
tributary to the Escatawpa and Pascagoula Rivers can be attributed
in part to several geologic factors.

Ground-water discharge to a stream is dependent upon (1) the
porosity and permeability of the aquifer; (2) relation of the altitudes
of the base of the aquifer, the water table, and the surface water in
the stream; and (3) the slope of the water table toward the stream.
Generally, within areas of similar surficial geology, the altitude of
the water table is directly related to the altitude of the land surface.
The aquifers are not homogeneous units. For example, the Citronelle
Formation and related terrace deposits are not lithologically uniform;
they consist of clay, silt, fine to coarse sand, and gravel in varying
proportions. The proportions of these materials determine the poros-
ity and permeability, which are measures of the ability of an aquifer
to store and yield water.

For selected streams, the relation between stream discharge and
areal distribution of the Citronelle Formation is shown in figure 14.
The percentage of the drainage area covered by the Citronelle was
plotted against the 7-day Q.

Base flows of the streams east of Pascagoula River are higher than
those west of the river. Generally, the areal distribution of the
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F1GURE 14.—Plot showing relation of base flow in selected streams to areal coverage of basin by Citronelle’
Formation.

Citronelle Formation in tributary basins east of the Pascagoula (in-
cluding tributary basins to the Escatawpa River) is greater than in
tributary basins west of the Pascagoula. However, the graph in
figure 14 indicates that areal coverage by the aquifer is only one factor
controlling base flow. The percentage of surface area covered by
the Citronelle Formation in Big Creek basin is greater than in Big
Cedar Creek basin. However, Big Creek (tributary to Pascagoula
River) has only 60 percent as much base flow per square mile as Big
Cedar Creek. The more mature dissection of the land surface in the
Big Creek basin indicates that the volume of Citronelle above the
elevation of the stream bed is less than in Big Cedar Creek basin;
there are resultant lower base flows in Big Creek. Thus, within areas
of similar surficial geology, topography can be an important factor
controlling base flow.

Ground-water discharge to the main stem of Escatawpa River is
much Jarger in the reach from Wilmer to Hurley, owing to the steeper
hydraulic gradient that results from higher land surfaces, than in the
reach downstream from Hurley. Generally, water contributed from
east of the river is greater than that from the west because of the
higher altitude of the land surface adjacent to the river. Most of
the ground water gained by Escatawpa River downstream from Hurley
is contributed by tributary streams entering the river from the east.
Little ground water is gained in this reach of the river channel, com-
pared to the gains elsewhere.

Ground-water discharge to the main-stem Pascagoula River follows
generally the same pattern as discharge to the main-stem Escatawpa
River. About 40 percent of the total increase in base flow in the
reach between Merrill and below the mouth of Big Cedar Creek is due
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to ground-water discharge (p. 37-43). Tributary streams from the
east have higher base flows per square mile than those from the west;
therefore, it is assumed that ground-water discharge to the river from
the east is greater than that from the west. Discharge to the river
downstream from Graham Ferry probably is much less than that in
the upper reach because the altitude of the land surface is lower, the
slope of the water table is flatter, and the flood plain is considerably
wider and of a swampy nature.
AVERAGE MINIMUM FLOW

Average minimum flow for a given stream at a given point is defined
in the Mississippi water law as ‘‘the average of minimum daily flow
occurring during each of the five lowest years in the preceding twenty
consecutive years.” The law further states that determination of
average minimum flow “shall be based upon available streamflow
data, supplemented, when available data is incomplete, by reasonable
calculations.” The term “‘average minimum flow” as defined above
will be used without further qualification. The period 1941-60 was
used for determinations of average minimum flow of streams in the
Pascagoula area.

Pascagoula River at Merrill is the only gaging station in the area
having 20 years of daily streamflow record. The average minimum
flow at this location was computed to be 887 cfs. Calculations of
average minimum flow at other stations were made in the following
manner: for Escatawpa River near Wilmer average minimum flow
was estimated to be 54 cfs by transposing the average minimum flow
at Merrill through the Merrill-Wilmer relationship curve that was
based on low-flow frequency data. The average of the five lowest
annual minimum daily discharges during the period of record (1946—
60) at Wilmer was 62 cfs. However, the discharge of 54 cfs, based
on the 20-year record at Merrill, was used as the average minimum
flow at Wilmer and is considered a reliable calculation.

The Wilmer discharge of 54 cfs was transposed to selected stations
in the area through the appropriate low-flow frequency relationship
curves, and was further transposed from the selected stations to the
other stations in the area. The calculated average minimum flow
for each streamflow station in the area is shown in table 7. Also
shown for comparative purposes is the value of average minimum
flow in cubic feet per second per square mile. On the main stem
Pascagoula and Escatawpa Rivers, reasonably accurate interpolations
of average minimum flow can be made for sites between gaging
stations on the basis of drainage area, if allowances are made for
differences in yields of tributary inflow.

The annual minimum daily flows of streams in the area are pri-
marily ground-water discharge. During wet years, Pascagoula River
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TaBLE 7.—Estimated average minimum flow, 1941-60, al streamflow stations in the
Pascagoula area

Estimated | Estimated
Reference average average
letter Station minimum minimum
(pl. 1) flow flow (cfs
(cfs) per sq mi)
Pascagoula River at Merrill, Miss_ ____ ... . ______ 1887 10.134
Big Creek near Crossroads, s, TTLTITIITIITTIIIIIIT 16 .359
Pascagoula River at Hardwood Railroad Crossing, Miss_._.. 980 L1456
Big Cedar Creek near Wade, Miss, 37 .5676
Pascagoula River below mouth of Big Cedar Creek, Miss.._- 1,100 . 159
Black Creek North near Wade, Miss_ - ... oooooooo s .5 .032
Big Black Creek near Benndale, Miss_ __.______._.._____ R 130 .183
Red Creek at Vestry, Miss.__. 84 .202
Pascagoula River at Grabam Fen'y near Wade, Miss____.__. 1,360 .167
Escatawpa River near Wilmer, Ala_____.______________._____ 54 .107
,scataw a River near Hurley, Miss._ . ——- 128 .200
near Big Point, Miss..._._.__. e 65 . 580
Iackson Creek near Orange Grove, Miss_ R 22 . 691
Franklin Creek near Grand Bay, Ala____ R 14 . 854
Black Creek South at Helena, Miss_.._ - .6 .013
Bluff Creek near Vancieave, Miss. .. ——- 5.8 .114
Moungers Creek near Vancleave, Miss. .o ccoooooooon .4 .013

1 Not an estimate; computed on the basis of 20 years of daily streamflow record.

may not recede to base flow; however, the annual minimum flows
that are used for the computation of average minimum flow are
probably base flow, even on this large river. The long-time cyclic
effect or persistence of rainfall is reflected in the ground-water dis-
charge to the stream ; thus, there is a tendency for years of low annual
minimum daily flow to be grouped together. For example, the annual
minimum daily discharge at Merrill during the period 1931-60 was
less than 1,000 cfs during the years 1936-38, 1941, 1952, 1954-56.
FLOODFLOW

Flood data are necessary for proper design and location of structures
on flood plains. Flood data represent past events and may be used
in the form of flood-frequency curves to predict future events. Such
curves applicable to streams in the Pascagoula area were extracted
from ‘“Floods in Mississippi, Magnitude and Frequency,” by Wilson
and Trotter (1961), and are shown herein. The magnitude and
frequency of floods may be estimated from these curves by using the
variables of size, shape, and location of the drainage basin.

FLOOD-FREQUENCY CURVES

Peak discharge of floods at 174 sites on streams in Mississippi were
correlated with drainage area and a basin shape factor using graphical
multiple correlation techniques. The basin shape factor used was a
ratio of the length that floodwaters must flow divided by the average
width of the basin. The ratio was computed by using the formula

2

oL
T—A, or —W
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where

r=ratio; the basin shape factor;

L=maximum length, in miles, that floodwaters flow;

A=drainage area, in square miles, of the basin;

W=average width, in miles, of the basin, equivalent to A/L.
A study of the correlations indicated that, after both drainage area
and basin shape had been considered, significant errors of estimate
of the peak discharges remained. Some of this scatter undoubtedly
can be attributed to chance and errors in method; however, a large
part of it is the result of factors such as geographic location, slope,
geology, and soil types not evaluated in the correlations. Many of
these factors were found to be similar in various geographic areas in
Mississippi. Largely through trial and error, the State was divided
into five hydrologic areas, two of which are in the Pascagoula area
(fig. 15).

The family of curves applicable to each of the hydrologic areas in
the study basin are shown in figures 16 and 17. It was impractical
to incorporate the effect of basin shape into these curves; therefore
the curve showing that effect is presented separately in figure 18.
In the Pascagoula area larger floods usually overtop the banks and
flow along the valley; therefore, the length of floodwater flow is
measured as valley length, rather than channel length.

USE OF FLOOD-FREQUENCY CURVES

Flood-frequency curves may be used to estimate the magnitude
and frequency of floods on most streams in the Pascagoula area.
Methods presented herein are not applicable for regulated streams or
for extremely small drainage areas. Neither do the curves apply to
estuarial sites near the mouths of Pascagoula and Escatawpa Rivers
where unusual flood discharges result from hurricane tides moving
water into storage. Similarly, the curves do not apply near mouths
of streams draining into larger streams, because the rate of rise or
fall of the larger streams may cause variable backwater and storage
at places in question.
To illustrate the use of these curves, the frequency of a measured
peak discharge of Franklin Creek has been determined. A peak
discharge of 2,570 cfs was measured April 12, 1961 at the partial-
record station on Franklin Creek (pl. 1, station S). The following
steps were taken to determine the probable frequency of this flood:
1. From the Geological Survey Hurley and Grand Bay 15-minute
quadrangles, the drainage area was measured by planimeter as
16.4 square miles.

2, The maximum length floodwaters must travel was measured on
the maps; the valley length was found to be 7.3 miles.
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2

3. The length/width ratio was computed from the formula 7'=%=
(7.3)*

16.4
ratio of 3.25, the shape coefficient of 1.04 was determined.

4. The measured discharge of 2,570 cfs was divided by the shape
coefficient (1.04); this computation gives an adjusted discharge
of 2,470 cfs for a basin having an average shape.

5. It was determined from the map on figure 15 that Franklin Creek
drainage basin was in hydrologic area 1.

6. It was determined from figure 16 that for a drainage area of 16.4
square miles a flood of 2,470 cfs might be expected once in a
period of about 16 years.

The magnitude of a 25-year flood at the same location on Franklin
Creek was determined by using a procedure somewhat the reverse of
that outlined above (the drainage area, length to width ratio, and shape
coefficient are the same as those determined previously): The 25-year
flood was determined from figure 16 as 2,740 cfs. This value is for
an average-shaped drainage basin and was adjusted for Franklin
Creek basin by multiplying 2,740 cfs by the shape coefficient (1.04);

=3.25. From the curve in figure 18 and the length/wxdth
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a value of 2,850 cfs was thus obtained as the magnitude of a 25-yea
flood at the partial-record station on Franklin Creek.

FLOOD PROFILES

The six highest floods on the main-stem Pascagoula River during
this century, listed in order of magnitude, occurred during April
1900, July 1916, February—-March 1961, April 1912, December 1919,
and April 1938. The peak discharge of the February-March 1961
flood at Merrill was determined to have a recurrence interval of about
50 years. Elevation of the crest of the 1961 flood was determined at
several locations by a level survey of floodmarks along the river.
A profile of the 1961 flood is shown in figure 19. This figure also
shows a profile of the 1938 flood, which was determined by the Corps
of Engineers. The approximate elevations of the crests of the 1900
and 1916 floods were determined at a few locations on the basis of
information obtained from local residents and are noted on the profile.

The river mileage shown in figure 19 was determined by measuring
along the mapped low-water channel. Some breaks in the profile are
due to constrictions in the valley, particularly in the reach between
Cumbest Bluff and Coll Town. A great difference in channel and
valley length also occurs in the vicinity of Cumbest Bluff between
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miles 30 and 25, where the channel meanders from the west to the
east side of the valley, a distance of about 5 miles along the channel
and about 1 mile along the valley.

TIDAL CHARACTERISTICS

Tides in the mouth of Pascagoula River are usually diurnal (one
high and one low tide during a lunar day), except at the moon’s
quadrature (the position of half moon that occurs once in about 14
days) when two highs and lows (neap tides) occur, often with little
change in elevation. Spring tides, which occur at new and full moon,
are the highest tides and also have the greatest amplitudes. The
amplitudes gradually diminish from spring to neap tides. In the
mouth of the Pascagoula the maximum fluctuation in spring tides is
about 3 feet, and the minimum fluctuation in neap tides is about 0.1
foot.

Another element of tidal fluctuation is the seasonal variation in
elevation of the mean tide as shown by the records of the Corps of
Engineers gage at the mouth of Pascagoula River. During most of
the years of complete record, 1941-60, the highest monthly mean
tides occurred in September (0.85 ft above msl) and October (0.70 ft
above msl) and the lowest, in January (0.02 ft above msl) and Feb-
ruary (0.05 ft above msl). The high tides occurring during September
and October generally are higher than those of other months. Mean
tide at the mouth of Pascagoula River during the period 1941-60
was 0.39 foot above mean sea level. .

During 1940-60, the annual maximum tides in the mouth of Pasca-
goula River ranged from 2.35 to 7.68 feet above mean sea level.
The highest tide occurred as the result of the September 1947 hurri-
cane, and 10 of the annual maximum tides were influenced by tropical
cyclones. (Seesection on ‘“‘Hurricanes,” p.23). Annualmaximum tides
have occurred in August, September, or October during 14 of the 21
years of record. The annual minimum tides observed in the mouth of
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the river ranged from 2.82 to 1.58 feet below mean sea level and
usually occurred during the period December to February.

The U.S. Geological Survey operated four recording gages in the
lower Pascagoula River to augment the data obtained from the Corps
of Engineers tide gage during this study. All five gages showed tidal
effects, and the stage hydrographs were of the same general shape
and trend. Time lag of the tide between the gages varied depending
upon the magnitude of the tide and river discharge at the time. The
amplitude of the tide decreased as it moved upstream.

Normal tidal fluctuations in Mississippi Sound affect the stage and
discharge of Pascagoula River during low-flow periods to at least
mile 42, but not above mile 53. Escatawpa River is also tide-affected,
and, during periods of low river discharge, normal tide effect may
extend to mile 20, but not above mile 25. Tide effect was observed
on Bluff Creek (a tributary to West Pascagoula River) in the vicinity
of Vancleave. Three Escatawpa River tributaries were also affected
by tides: the lower reaches of Franklin and of Jackson Creeks and
Black Creek South (drainage from Black Creek Swamp) in the
vicinity of Helena.

Quantitative values of tide effect on river stage and discharge were
determined at the three upper tide stations on the main-stem Pasca-
goula River. At the Graham Ferry station during periods of low
flow, the change in river stage during a spring tidal cycle (a lunar day)
was as much as 0.6 foot; at Cumbest Bluff station, 1.9 feet; and at
Coll Town station, 2.4 feet. Tide effect on river stage became negli-
gible when the elevation of the river stage was 6.0, 5.5, and 5.0 feet.
above mean sea level at the respective stations. Continuous measure-
ments of discharge were made at the three stations during a complete
tidal cycle to determine the variation in discharge. (See following
table.)

Tidal cycle measurements

Station Stage in feet above
Dat. Discharge, in cubic feet per second mean sea level
ate

Maximum | Minimum | Average | Maximum | Minimum

1958
Pascagoula River at Graham

FOrry.mn oo momomeooooooeee Oct. 29-30 3,400 2,000 3,120 2.78 2.29

Pascagoula River at Cumbest {Oct. 27-28 4,100 2,800 3,290 1.86 0.90

G SRR Obw de iR o 18
ct. 700 > 400 . 1.49 :

P"sm"“k‘ Riverat Coil Town. {Nov. 10-11 6, 200 2, 800 4,180 1.8 0.19

These specific examples show that tidal influence diminishes as the
distance from the mouth of the river increases, and indicate the amount
of variation in stage and discharge due to tide at the three locations
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on the main stem. Effects of spring and neap tides are also indicated
by comparing the two tidal cycle measurements, made during periods
of nearly equal river discharge, at Coll Town. The measurement of
November 10-11, 1958, was influenced by a spring tide, and that of
October 22-23, 1958, by a neap tide.

The effect of tides on salt-water penetration in the lower Pascagoula
River system is discussed in the section ‘“‘Salt-water intrusion.”

QUALITY OF SURFACE WATER
PASCAGOULA RIVER
CHEMICAL QUALITY

The quality of water in Pascagoula River near Benndale is con-
sidered representative of the chemical characteristics that exist in the
stream above the zone of salt-water intrusion. Analyses of samples
collected near Benndale indicate that in the fresh-water reach of the
stream the dissolved solids usually are low and, at times, are char-
acterized by large daily variations. These variations are less pro-
nounced in the lower part of the fresh-water reach of the stream
because the downstream inflow of tributaries tends to lower the
dissolved-solids content and thus to lower the extremes of daily
variations.

Results of the analyses of samples collected at the station near
Benndale are shown in table 8. These analyses show the dissolved-
solids content ranging from 65 to 265 ppm and hardness ranging from
11 to 28 ppm. For the period of record, the dissolved solids and
hardness averaged 100 ppm and 18 ppm, respectively.

Because specific-conductance values depend on the quantity and
degree of ionization of the dissolved-mineral constituents, these values
are indicative of the dissolved-solids content of the water. The
relation of dissolved solids to specific conductance is shown in figure
20. Values for dissolved solids are shown as residue at 180°C and as
calculated from the determined constitutents. The difference be-
tween the two values is an indication of organic matter in the water.
The distribution of daily specific-conductance values in table 9 shows
that most of the time the dissolved solids are low and that the higher
values do not occur frequently. Table 9 shows that the median
(50 percent) value for specific conductance is 100 micromhos and the
estimated dissolved-solids content is 81 ppm. In 75 percent of the
samples, the specific conductance (160 micromhos) and estimated
dissolved-solids content (112 ppm) were only slightly higher than the
averages.

The changes in concentration of the various ions in solution as the
dissolved solids increase are illustrated in figures 21 and 22. In these
illustrations the total concentration is the sum of the ionized con-
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FI16URE 20.—Relation of dissolved solids to specific conductance, Pascagoula River near Benndale, Miss.

stituents. The illustrations show that increases in total concentration
are due principally to increases in the concentrations of sodium and
chloride. Calcium plus magnesium and also bicarbonate increase
slightly, and sulfate remains fairly constant throughout the range of
total concentration values.

Some of the analysed samples show a relatively high iron content.
All the samples showing high iron content also have a high color,
which is probably a result of the leaching of iron from the organic
color complex during the analysis.

Very little relation exists between the day-to-day quality variation
and streamflow. However, compositing the daily samples tends to
even out daily variations, and there is a marked relation between the
coraposited samples and streamflow. The relation between stream-
flow and specific conductance is shown in plate 7. This illustration
shows that specific-conductance values, except for daily fluctuations,

TABLE 9.—Percent of daily samples having specific-conductance and dissolved-solids
(estimated) values equal to or less than that shown; Pascagoula River near Benndale,
Miss., Aug. 1, 1958, to Sept. 30, 1960

Percent of samples
1 10 25 50 75 90 99
Specific conductance. - _micromhos at 25°C __ 40 64 80 100 160 250 455
Estimated dissolved solids
ppm residue on evaporation. . 51 63 n 81 12 157 260
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FI16URE 21.—Relation of cations to total concentrations, Pascagoula River near Benndale, Miss.

vary inversely with streamflow, and the higher conductance values
usually occur during summer when streamflow is low.

The manner in which the quality varies daily plus the fact that
changes in dissolved-solids content are essentially changes in sodium
chloride indicate that brine from oil-field operations in the Chicka-
sawhay and Leaf River drainage basins is getting into the rivers.

TEMPERATURE

Temperature of a water supply is an important consideration,
particularly for water used by industry for cooling. The temperature
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FicURE 22.—Relation of anions to total concentrations, Pascagoula River near Benndale, Miss.
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of water in the Pascagoula near Benndale was measured once daily
from August 1, 1958, to September 30, 1960, and the readings are
shown in table 10. The daily water temperatures ranged from 38°F
to 91°F, and the monthly average temperatures ranged from 46°F to
88°F. The following table shows the frequency with which these
water temperatures occurred during this period.

Percent of daily samples in which water temperatures equaled or exceeded that shown

Percent of samples

1 10 25 50 75 90 99

‘Water temperature________._______._____ °F._. % 84 79 68 56 47 40

SEDIMERT

Suspended sediment concentration in Pascagoula River is low.
The results of analyses of random samples collected at various stream
discharges are shown in table 11. Sediment concentration in the
Pascagoula is related more to the manner in which the river stage
changes than to the volume of water discharged. For example, the
April 23, 1959, sample was collected when the river was rising. The
mean daily discharge was 16,000 cfs and the sediment concentration
was 165 ppm. On June 9, 1959, the mean daily discharge was 21,300
cfs, but the river was falling and the sediment concentration was
down to 68 ppm. Analysis of the sediment material indicates that
approximately 10 percent of it is organic and 90 percent is inorganic.
Approximately 6 percent of the inorganic residue is soluble in hydro-
chloric acid. The remaining residue is presumed to be insoluble

silicates.
TRIBUTARIES OF THE PASCAGOULA RIVER

CHEMICAL QUALITY

The dissolved-solids content of water in the tributary streams are
low and, with the exception of Red Creek, are fairly uniform in
composition. Discharge of oil-field brine into Red Creek is reflected
by a higher and more variable sodium and chloride content in Red
Creek than in the other streams. Analyses of samples collected from
these streams are shown in table 12. A comparison of dissolved-
solids values and stream discharge indicates that in Red Creek the
dissolved solids generally incressed as streamflow increased, and in
the other streams the dissolved solids remained fairly constant through-
out the range of streamflow sampled. The dissolved-solids content of
these streams was determined by the residue method, and, except for
Red Creek, ranged from 20 to 52 ppm, and the calculated values
ranged from 11 to 23 ppm. In Red Creek the dissolved-solids content
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TaBLe 10.—Temperature (°F) of water, Pascagoula River near Benndale, Miss.,
August 1958 to September 1960

Day A 8 o N D J F M A M J J A
80 85 76 63 54 50 52 65 64 75 70 82 Kk
81 86 72 60 54 50 50 ...} 66 75 66 80 7
81 81 70 61 &8 50 51 2 67 73 67 79 71
82 82 70 60 55 50 51 56 66 74 68 79 76
84 83 71 61 62 47 51 49 64 74 68 76 78
84 84 71 62 b4 43 50 46 67 74 69 75 78
86 86 73 60 53 44 L1 ) — 68 73 69 78 78
84 85 72 63 58 47 49 63 70 76 68 7 it
83 85 72 64 54 45 50 68 70 73 70 77 77
84 84 72 64 53 46 64 56 70 70 69 75 77
85 84 74 64 49 47 66 67 68 71 69 i —
84 84 70 63 50 45 66 59 65 73 70 76 76
84 82 72 64 49 50 58 60 62 (3 P 81 75
86 84 72 65 48 49 58 58 61 73 71 79 73
86 78 72 67 45 50 58 69 60 74 72 81 74
84 81 72 67 45 49 60 68 59 73 71 80 73
83 84 73 70 46 46 59 66 60 76 72 80 73
84 80 73 72 45 46 60 57 62 74 74 81 75
86 81 70 67 46 46 65 56 66 75 74 77 74
86 80 72 65 48 47 54 &6 66 74 74 78 76
85 80 74 63 46 53 52 59 65 70 78 78 76
84 76 73 61 46 52 53 60 64 73 77 76 74
82 76 73 58 48 46 55 61 63 73 77 76 73
82 76 72 57 53 47 55 59 64 72 76 75 74
81 76 72 63 B0 |- 54 62 63 72 75 74 74
81 77 67 65 61 48 53 63 63 71 76 (43 PR—
80 78 68 66 49 48 54 69 64 71 77 76 76
82 76 66 60 50 49 53 63 65 72 77 76 77
81 76 67 66 53 U (- 63 68 71 76 77 77
84 75 62 65 50 51 ... 64 69 70 79 78 76
84 | ... 62 | |- 50 (.- (17 [R— k4 N — 78 71
83 81 71 63 51 46 52 68 65 74 72 78 76
8 (] N D J F M A M J J A 8
76 71 68 38 (.. 52 49 3 T S I 91 87 84
76 (... 51 45 [ . 49 51 59 70 86 90 87 85
74 71 53 45 51 50 50 65 73 80 90 86 83
75 70 55 44 53 52 48 65 72 81 89 85 86
N [ (R— 56 49 61 54 47 64 70 82 88 83 84
{3 — 51 [\ I 53 46 65 70 83 88 86 86
75 65 49 50 83 64 46 65 67 81 89 87 78
3 [— 47 50 49 44 46 66 67 82 89 86 83

______ 66 44 51 48 54 47 65 67 84 87 83 84
72 65 43 58 50 56 48 64 67 83 88 87 86
68 65 42 56 51 55 50 66 66 84 87 87 87
67 66 43 55 84 653 50 65 (] 83 88 86 83
64 65 44 46 85 61 48 ] 64 82 89 84 81
64 67 45 45 58 48 51 67 64 81 89 85 82
63 55 43 54 60 47 52 67 66 82 88 83 77
66 56 44 55 58 47 54 67 67 83 89 83 75
69 55 42 56 56 48 51 68 69 84 90 84 78
66 54 40 66 56 49 51 67 70 83 89 85 77
67 56 39 46 52 48 50 67 74 82 90 82 79
66 56 43 54 50 49 52 68 75 83 84 83 79
69 56 44 64 48 47 62 69 76 83 ... 82 78
69 58 43 653 46 49 51 70 79 84 87 80 83
68 54 46 53 46 49 60 72 78 84 87 82 85
68 50 45 52 45 48 53 78 81 85 89 83 83
67 52 H“ 52 44 50 58 77 83 84 87 80 79

______ 51 45 55 4 | &7 78 81 85 87 81 78
65 51 46 65 47 46 58 78 80 84 89 83 80
67 50 43 66 55 47 61 77 80 86 89 81 77
69 49 40 50 51 43 61 77 80 90 88 84 76

..... 61 38 53 50 {.-.-| 60 78 79 88 88 86 7

______ 61 |._.._.| 52 8.1 | 60| 84| 87 86 j.-ae--

69 58 46 51 51 50 52 69 73 83 88| 84 81
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TaBLE 11.—Analyses of suspended-sediment samples, Pascagoula River near
Benndale, Miss.

Mean Suspended Mean Suspended
Date discharge sediment Date discharge sediment
(cfs) (ppm) (cfs) (ppm)
16, 000 165 8,100 32
21,300 68 14, 600 78
8,100 34 30,100 199
7,540 81 12,400 21
, 300 37 14,000 47
2,570 27 , 100 142
2,150 17 24,100 67
3, 230 33 , 800 83
6,290 28 42, 800 28
3,120 31 8,100 30
2, 400 26 5,380 17
6, 290 39 5,140 22
15, 700 320 31, 600 91
11,400 83 7, 540 36
6, 420 44 3,010 18
5,610 13 2,100 59
5,380 20 1,850 17
5,020 10 1, 800 19
2,150 13
2,770 15
1,970 15

of the water determined by the residue method ranged from 41 to 70
ppm, and the calculated values ranged from 26 to 47 ppm.
TEMPERATURE

Temperature data for these streams, which are shown in table 13,
were collected in conjunction with streamflow measurements and the
chemical-quality sampling program. The data do not necessarily
reflect maximum and minimum temperatures that occurred; however,
they are indicative of the range in water temperatures for various

times of the year.
ESCATAWPA RIVER

CHEMICAL QUALITY

The dissolved-solids content of Escatawpa River water above the
zone of salt-water intrusion and industrial pollution is low and uniform
in composition. The color is variable, depending on the amount of
swamp water moving into the river. Higher colors usually occur with
higher streamflows, which flush out some of the highly colored swamp
water. Analyses of samples from Escatawpa River near Hurley,
shown in table 14, are representative of quality conditions that existed
in the fresh-water reach of the stream and indicate no significant
changes in either the composition or concentration of dissolved solids
at various streamflows. The dissolved-solids content of the samples
ranged from 24 to 38 ppm, and hardness ranged from 3 to 7 ppm.

TEMPERATURE

Miscellaneous water temperature data, available for two locations
on Escatawpa River, are shown in table 15. The table does not show
maximum or minimum temperatures, but the data indicate that the
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maximum summer water temperatures exceed 80°F and the minimum
winter water temperatures are about 40°F.

POLLUTION

Below mile 6, several industrial plants empty organic and inorganic
wastes into Escatawpa River; this waste increases the dissolved and
suspended solids in the stream. Some of this waste is partially treated
to remove suspended solids and reduce the amount of oxidizable
material, while some receives no treatment before being discharged
into the river. Most of the waste contains oxidizable material, and,
at times, this material reduces the dissolved-oxygen content of Es-
catawpa River to zero. On September 1, 1959, the dissolved-oxygen
content of Escatawpa River at mile 6 was 8.0 ppm, and the chemical
oxygen demand (COD) was 6.8 ppm, while at the mouth of the river
the dissolved-oxygen content was zero and the COD was 60 ppm.

The Mississippi Game and Fish Commission (Joe B. Sills, written
commun., Mar. 20, 1961) states that the only time any of the pol-
lutants cause trouble is when the streamflow is low and the water is
warm. Generally, the pollution is handled satisfactorily except when
the above conditions exist.

TRIBUTARIES OF THE ESCATAWPA RIVER
CHEMICAL QUALITY

The quality of water in the tributary streams is similar to the quality
in the fresh-water reach of Escatawpa River. Results of analyses of
water from these streams show that the dissolved-solids content is low
(table 14). No significant changes in either quantity or composition
of the water occurred throughout the ranges of streamflows sampled.
The dissolved-solids content, determined from residue at 180°C, ranged
from 23 to 44 ppm; however, the values calculated from the deter-
mined constituents indicate a range from 11 to 28 ppm.

TEMPERATURE

Water temperature records for these streams are shown in table 15.
A comparison of these temperatures with the water temperature of
Escatawpa River for the same day indicates that, in summer, water
temperatures in some of the streams may be as much as 10°F lower
than that for Escatawpa River. For example, on June 15, 1960, the
water temperature in Jackson Creek was 72°F, in Franklin Creek 71°F,
and in Escatawpa River 82°F. The sampling sites on Jackson and
Franklin Creeks are closer to the source of spring discharge than the
site on Escatawpa River.

BLACK CREEK SWAMP
CHEMICAL QUALITY

The water quality in streams draining Black Creek Swamp differs
from that in other streams in the area principally in its higher color
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and lower pH values. Higher color results from decay of vegetable
matter in the swamp, and the lower pH values probably result from

organic acids produced by the decaying vegetable matter.

Results

of the analyses of samples collected from the two principal streams
draining the swamp show the concentrations of the principal constitu-
ents to be low (table 16), and of about the same values as found in

TABLE 13.—Water temperature of tributary streams of the Pascagoula River

Date Time Date Time Tem(r‘)’eFr?ture
Black Creek near Benndale, Miss.
6:10-p.m, 75
1:30 p.m. 84
1:45 p.m. 48
3:30 p.m. 78
2:00 p.m, 62
4:25 p.m. 50
-1 11:40 a.m. 82
3:30 p.m. 48
11:15a.m 76
11:50 a.m. 62
72
70
82
4:00 p.m 48

Er-ict-]
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TaBLE 13.—Water temperature of tributary streams of the Pascagoula River—Con.

Date Time Temperature Date Time Temperature
) 155
Big Creek near Crossroads, Miss.
2:10 p.m. 76 1:25 p.m. 68
5:00 p.m. 74 1:55 p.m. 72
4:55 p.m. 67 4:50 p.m. 76
2:00 p.m. 65 5:30 p.m. 74
1:55 p.m. 57
1:30 p.m. 58
12:15 p.m. 45
2:50 p.m. 68
12:35 p.m. 75
12:55 p.m. 71
3:45 p.m. 62
Big Cedar Creek near Wade, Miss.
1958 1960
July 2. 4:40 p.m. 75 | Apr. 26 ooooooo_ 2:00 p.m. 69
Oct. 15 _________.______ 3:25 p.m. 67 | June 23 ... 3:40 p.m. 76
Nov. 4o e 3:30 p.m. 58 o1
1959 Jan. 10. o ccoooceoooooe 10:50 a.m 48
May 6. . . 4:15 p.m, 70
Sept.23________._._____ 11:15 a.m, 73
Nov. 2. . 3:35 p.m 63

other streams in this area. The dissolved-solids content in these two
streams, as residue at 180°C, ranged from 18 to 60 ppm, and the
calculated values ranged from 10 to 20 ppm. Differences in the two
sets of values indicate that organic material is present in the water.

Random readings of water temperature in the two streams indicate
that summer temperatures may exceed 80°F. Temperatures are
shown in table 17.

SALT-WATER INTRUSION

In the tidal reaches of Pascagoula and Escatawpa Rivers, the
downstream flow is interrupted periodically by flood tide, and, until
the tide ebbs, saline water from the Mississippi Sound flows upstream.
The saline water, which is more dense than fresh water, flows upstream
as & wedge under the fresh river water.

EXTREMES IN PENETRATION

The extent of salt-water intrusion into the rivers depends principally
upon the following important factors: (1) fresh-water discharge, (2)
tidal stage, and (3) shape and configuration of the river channel. Of
these, fresh-water discharge is predominant. The end of the salt-
water wedge rarely reaches a steady state, but moves up or down the
river in response to changes in discharge and tide. River discharge
and tide may change at about the same time; consequently, it is
difficult to establish a quantitative relationship between these factors
and position of the salt frount.
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TABLE 15.—Water temperature of the Escatawpa River and tributaries

Date Time Temperature Date Time |Temperature
(°F) °F)
Escatawpa River near Wilmer, Ala.
12:35 p.m. 81 70
5:66 p.m. 78 84
12:55 p.m. 67 47
1:40 p.m. 59
81
Escatawpa River near Hurley, Miss.
1960
11:05 a.m, 51
4:20 p.m %
10:55 a.m 72
11:40 a.m 80
11:00 a.m. 79
81
82
82
77
76
68
49
73
2:15 p.m. 75 62
4:00 p.m, 74
2:25 p.m. 69
12:45 p.m. 66 70
3:40 p.m, 58 74
76
76
12:556 p.m 64
10:25 a.m. 64
1:20 p.m 76 50
Jackson Creek near
10:45 a.m. 72
11:05 a.m. 10:50 a.m. 62
12:30 p.m.
2:45 p.m,
12:50 p.m. 11:10 a.m. 68
11:30 a.m. 12:50 p.m. 72
4:45 p.m, 11:50 a.m. 72
12:25 p.m. 72
11:30 a.m, 74
11:20 a.m,
9:15 a.m,
11:45 a.m. 10:00 a.m, 49
Fra)
9:20 a.m, 71
9:40 a.m, 64
10:05 a.m. 68
11:35 a.m, 70
11:15 a.m, 71
10:15 a.m. 72
10:30 a.m. 51
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TABLE 17.—Water temperature of streams draining Black Creek Swamp, Miss.

Date Time |Temperature Date Time |Temperature
°F) P
Black Creek North near Wade, Miss.
1958
69
Oct. 7o el 12:05 p.m. 68 ;2
1959 76
May 5. o ecimeeaes 5:05 p.m. 70
Sept. 22. . 4:20 p.m. 68 1961
Nov. 23 s 4:05 p.m. 62 || Jam. 10 e eeaes 8:55a.m. 4
Black Creek South at Helena, Miss.
s 1959—Con.
78 || Nov. 25 oemas 10:20 a.m 58
1960
64 || APr. 26, oo 2:45 p.m 71
'ég June 16 ... .. 4:45 p.m 83
74 1961
Jan. 9. _____ ... ... 2:30 p.m. 48

Changes in fresh-water flow generally will cause the salt front to
advance or retreat, the distance of the advance or retreat depending
upon the magnitude and duration of the change. From October 15,
1958, to January 15, 1959, discharge of the Pascagoula at Merrill
ranged from 2,200 to 6,700 cfs, and the salt front was in the vicinity
of mile 13.5. Fresh-water discharge during this period was changing
constantly, but the magnitude and duration of the changes were not
sufficient to cause appreciable movement of the salt front. The dis-
charge of 6,700 cfs forced the salt front downstream and caused the
chloride content at mile 12.2 to drop from 11,700 to 208 ppm ; however,
the increase in discharge was of short duration. On the following day
the salt front moved back upstream and the chloride content increased
to 4,830 ppm at mile 12.2.

From January 15 to April 30, 1959, the average discharge at Merrill
exceeded 10,000 cfs, a discharge of sufficient magnitude and duration
to force the salt front downstream as far as mile 4. Changes in
daily discharge allowed the salt front in the Pascagoula River to vary
between mile 4 and mile 8.

Tidal effect on salt-water penetration in the lower Pascagoula
River system is difficult to evaluate quantitatively; however, the
effect of normal tides on the maximum penetration is minor. A
discussion of tidal characteristics is given on p. 56-59. Daily changes
in tide produce fluctuations in location of the salt front in Pascagoula
and Escatawpa Rivers, but the front does not extend as far upstream
as the tidal effects. During flood tide, the salt front moves upstream;
as the tide ebbs, the front moves downstream. During spring tide
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the difference between high and low tide may be as much as 3 feet,
and during neap tide the difference may be oaly a few tenths of a
foot. Thus, for a given river discharge, the salt front moves back and
forth through a greater distance during a spring tidal cycle than during
a neap tidal cycle. At the mouth of the Pascagoula, mean high and
low tides for the years 1942 through 1960 were 1.10 feet above and
0.29 foot below mean sea level. These figures are indicative of the
usually low range in tides at this location. Yearly maximum high
tides commonly exceed 3.0 feet, but the higher maximums are
associated with tropical cyclones.

A cyclonic tide causes the salt front to advance upstream in response
to the higher tide stage, but the effect is short lived because the in-
creased river discharge produced by storm rainfall forces the salt
front downstream. For example, before hurricane Ethel on September
15, 1960, the salt front was in the vicinity of mile 13; the hurricane
tide (4.5 feet above msl at the mouth of Pascagoula River) caused the
front to move upstream, and on the day after the hurricane it was at
mile 17. Rainfall generated by the hurricane increased the discharge
at Merrill from 2,420 cfs on September 15, to 9,150 cfs on September
17 and forced the salt front downstream to mile 9 on September 18.

The channel geometry of Pascagoula and Escatawpa Rivers is
similar and affects the extent of salt-water penetration. The thalweg
of Pascagoula River is very irregular, ranging in elevation from 12 to
60 feet below mean sea level between miles 2 and 3 and from 26 to 36
feet below mean sea level between miles 6 and 7. A graphical plot
of the thalweg indicates that both river beds are a series of irregular
depressions separated by short lengths of elevated channel or ridges.
The salt front moves upstream into a depression and does not advance
further until sufficient fresh water has been displaced to allow the
wedge to attain the elevation of the upstream ridge. The wedge then
spills into the next depression and the process isrepeated. The volume
of a depression and the elevation of the upstream ridge are channel-
shape factors that partially control the extent of salt-water penetration
in the Pascagoula and Escatawpa.

Tributaries and numerous oxbow lakes connected to the river also
influence the extent of salt-water penetration. These tributaries and
lakes function as storage reservoirs for considerable amounts of salt
water. The best example is Three Rivers Lake, an old course of
Pascagoula River, whose lower end is connected to the river channel
at mile 13.2 and whose upper end is connected only during periods of
flood flow. Consequently, there is no appreciable fresh-water flow
through the lake except during periods of high streamflow.

The bottom of Three Rivers Lake at its mouth is about 30 feet below
mean sea level, approximately the same elevation as the thalweg of the
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river channel. The lake bottom is about 50 feet below mean sea level
in some places.

When the salt front reaches mile 13.2 in the river, most of the saline
water spills into the lake; only a small part continues to move farther
up the river channel. Vertical stratification of chloride in the lake is
similar to that in the river, but it probably is a result of turbulence
created by thermal differences in the lake or by wind actions on the
lake surface eroding the salt-water interface. Chloride concentrations
as high as 12,700 ppm have been observed in the lower 15 to 20 feet of
water in the lake.

Salt water continues to spill into Three Rivers Lake until an increase
in streamflow forces the salt wedge in the river downstream from the
mouth of the lake. If the increase in streamflow is not sufficient to
produce a river stage that will inundate the land separating the river
and the upper end of the lake, salt water will “leak out’ of the lake
into the river channel and move downstream. This condition was
observed several times during this study and is responsible for in- .
creases noted in bottom salinity from about mile 10 to mile 13.2 and
for absence of the salt front in the river channel beyond mile 13.2.
(See pl. 8.)

When the river flows through the lake, the fresh water flushes salt
water from the lake into the river and downstream to the location of
the salt wedge at that time. The flushing of Three Rivers Lake can
be complete or partial, depending upon the increase in river discharge
and the tidal conditions at the time.

Maximum penetration of the salt front in Pascagoula River under
normal tidal conditions during this study reached mile 14.5, when the
discharge at Merrill was 1,650 cfs. Information obtained by other
organizations show that on November 4, 1954, the salt front was at
mile 15.4. The discharge at Merrill for this date was 940 cfs. This
observation of salt-water penetration was made during an extended
period of low flow. At Merrill the minimum 120-day discharge of
record occurred between August 10 and December 13, 1954, when the
daily discharge ranged from 805 to 1,200 cfs and averaged 982 cfs.
This 120-day minimum discharge has a recurrence interval greater
than 50 years (fig. 12). High tide on November 4, 1954, at the mouth
of Pascagoula River was 1.35 feet above msl; however, the highest tide
during the period was 2.65 feet on September 16 when the discharge at
Merrill was 855 cfs. These data and study of the stream-bed profiles
in the reaches upstream from mile 15 indicate that salt-water did not
penetrate beyond mile 17.5 during 1954. Salt-water penetration
beyond mile 17.5 would be a rare event that would result from a
simultaneous occurrence of low-river discharge and high tide.

A comparison of the fresh-water discharge at Merrill with location of
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the salt front indicates, generally, that when the discharge at Merrill is
more than 10,000 cfs, the salt front in the river will be below mile §;
more than 6,000 cfs, below mile 9; more than 4,000 cfs, below mile
11.5; and more than 1,500 cfs, below mile 15. The percent of time
that the daily discharge at Merrill equals or exceeds these values was
determined from the flow-duration curve shown in figure 9, and the
previous sentence is restated in terms of percent of time as follows:
About 30 percent of the time the salt front in the Pascagoula River is
below mile 8; about 40 percent of the time, below mile 9; about 55
percent of the time, below mile 11.5, and about 89 percent of the time,
below mile 15. Observations made during this study indicate that
the salt front penetrated less distance up West Pascagoula River than
up the mainstem Pascagoula. Should the salt front reach the point
of division of the rivers, it would probably attain this location through
the Pascagoula River, and then a part of the front would be eroded
into the upper reaches of the West Pascagoula.

Records collected at the station on Pascagoula River near Escatawpa
(mile 12.2) are indicative of the amount of time the salt front was
above or below this location. The following table shows that 75
percent of the top samples had specific conductance values less than
the maximum values observed in the fresh-water reach.

Percent of daily samples having a specific conductance equal to or less than that
shown, Pascagoula River near Escatawpa, Miss., November 1968 to September 1960

Percent of samples

1 10 25 50 75 90 99
Topsample. . ________.. micromhos at 25° C... 46 64 78 125 490 { 1,250 { 14,900
Bottom sample .- oo oo do.... 46 64 78 125 | 8,000 | 24,500 | 33,000

As the salt wedge moves under the fresh water, specific conductance
values of the bottom samples are more indicative of salt-water pene-
tration. The distribution of specific conductance values of the bottom
samples indicates that between 50 and 75 percent of the samples
were fresh water. The distribution curve shows that 68 percent of
the bottom samples had a specific conductance of 500 micromhos or
less.

The observed maximum penetration of the salt front in Escatawpa
River during this study reached mile 13.3, and this penetration was
a result of the tide produced by hurricane Ethel. Another organiza-
tion observed the salt front at mile 15.5 on September 16, 1954.
This observation was made during an extended period of extreme
(record) low flows in the river and on the date of the highest tide
(2.65 ft). Location of the salt front at mile 15.5 during this combi-
nation of events indicates that an extremely high tide would have to
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occur during a period of extremely low flow for the salt front to
penetrate beyond this point.

Although not subject to rigid limits, a general relation exists be-
tween the location of the salt front in Escatawpa River and the
fresh-water discharge near Hurley. Generally, when the river
discharge near Hurley is more than 1,000 cfs, the salt front will be
below mile 7; more than 600 cfs, below mile 11; more than 300 cfs,
below mile 12.5; and more than 125 cfs, below mile 16. The percent
of time that the daily discharge at Hurley equals or exceeds these
values was determined from a flow-duration curve based on data
shown in table 4, and the previous sentence is restated in terms of
percent of time as follows: About 40 percent of the time the salt
front in Escatawpa River will be below mile 7; about 55 percent of
the time, below mile 11; about 85 percent of the time, below mile
12.5; and nore than 99 percent of the time, below mile 16.

QUALITY OF INTRUDED WATER

The downstreain flow of fresh-water erodes the salt-water wedge
and increases the dissolved-solids content of the water from the
fresh-water reach to the Gulf. Consequently, the quality of water
in the zone of salt-water intrusion varies between that found in the
fresh-~water reaches of the streams and that found in Mississippi
Sound. The variation in specific conductance, a measure of the
dissolved-solids content, with depth and distance -below the salt
front is shown graphically in plate 8. A segment of the thalweg
of the streambed also is shown (pl. 8); the effect of the ridge (dis-
cussed on p. 77) at mile 13.2 is quite apparent.

Quality conditions that exist in the fresh-water reaches of the
streams were described in a previous section. Analyses of samples
collected fromn Mississippi Sound (table 18) show the dissolved-
solids content of water to be variable and lower than the dissolved-
solids content of ocean water. Undiluted ocean water contains
about 35,000 ppm of dissolved solids, including about 19,000 ppin of
chloride. The analyses of Mississippi Sound waters show a dissolved-
solids content ranging from 19,900 to 27,100 ppm and a chloride
content ranging from 10,600 to 14,900 ppm.

Maximum concentrations of dissolved solids and the principal
constituents occurring in the zone of salt-water intrusion in the
Pascagoula River basin (table 18) were within the range of concen-
trations observed in Mississippi Sound. The ratio of magnesium to
calciumn in the intruded water is about the sane as that observed in
Mississippi Sound; this similarity indicates that decreases in con-
centrations in the intruded water result from dilution of the salt
water by fresh water. A partial listing of the analyses of samples
from the zone of salt-water intrusion is shown in table 18.
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GROUND WATER

Fresh water is available to a depth of 1,600 feet or more in the
Hattiesburg and Pascagoula Formations, but 70 percent of the ground-
water supply in George and Jackson Counties is derived from aquifers
in the Graham Ferry and Citronelle Formations at depths less than
400 feet. In earlier years the cities and industries dependent on
wells drew their supplies from aquifers 800 to 1,100 feet in depth.
Where geological conditions are favorable for development of the
shallow aquifers, deep wells have been replaced by wells in the Graham
Ferry Formation because of the lower mineralization of the water
and more economical well construction.

Two generalities concerning the occurrence of aquifers in the area
are that the formations of the Miocene Series (Hattiesburg and
Pascagoula Formations) are more sandy in the western and northern
parts of the area than they are in southeastern Jackson County, and
the aquifers of the Pliocene Series (Grabham Ferry and Citronelle)
and the Pleistocene terrace deposits are thickest along the Pascagoula
River valley.

A summary of the geologic and hydrologic properties of the for-
mations yielding fresh water in the project area is presented in table 19.

CATAHOULA SANDSTONE

The Catahoula Sandstone of Miocene(?) age probably contains
fresh water in the porthern part of George County. The formation
underlies the Hattiesburg Formation and overlies the Chickasawhay
Limestone of late Oligocene age. The contact of the Catahoula with
the overlying Hattiesburg Formation is difficult to determine and,
according to McGlothlin (1944, p. 61), criteria are not established for
designating the Catahoula-Hattiesburg contact in the subsurface of
Mississippi. Beds known as the Heterostegina zone form the basal unit
of the Catahoula and occur at a depth that ranges from about 1,300
feet in northern George County to about 4,300 feet on Horn Island.
Age of the Heterostegina zone is controversial; some investigators
consider the beds to be Miocene, others Oligocene.

Figure 23 is a structure map drawn on the top of the zone (often
called Heterostegina Limestone). Thickness of tbe Catahoula Sand-
stone, including the Heterostegina zone, is probably between 300 and
500 feet. '

No water wells have been completed in the Cathoula Sandstone
in the study area owing to the availability of shallower aquifers.
In counties to the north, wells in the Catahoula are capable of produc-
ing as much as 1,000 gpm each. Wells 1,200 to 1,500 feet deep would
be required to reach the Catahoula Sandstone in George Couunty.
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TABLE 19.—Geologic formations and their waler-bearing properties

System | Series | Formation Th(itckn)ess Lithology and stratigraphy Hydrology
feet,

Clay, silt, sand, and fine | Contains a large supply of
gravel. Contams carbo- water in the valley that is

-1 5 + naceous and woody mate- probably salty as far north
8 i ] rial in lower end of Pasca- as salt water penetrates up
é E] é goula River valley. the river. North of the
= river junction (mile 17.7),
& fresh water having a low
‘E’ dissolved-solids  content
8 available.
=]
=4 Bon Sand and clay grading down- | Contain a large supply of
<4 ° BaY ward into coarse sand and fresh_ water having a low
g e¥ 5 fine gravel in extensive de- dissolved-solids  content.
g &'un 2 posits underlying the ter- | Near the coast at shallow
< g 8 n race from Wade to Esca- | depths, the water is sub-
‘5 § =5 ) tawpa. Comprised of fos- ject to salt-water encroach-
~ =3‘§ siliferous beds, more car- ment.
sgs bonaceous material, and
e less sand near the coast.

Sand and gravel, buff to | Maintains high base flows of
brick-red in the uplands, streams,  Supplies most
gay in southern Jackson rural wells in uplands of

= ounty. ~ Attains its QGeorge County. In Bayou
El g greatest thicknessinnorth-|  Casotte contains an aquifer
] =1 eastern George County having large unused vol-
= 4 and in Bayou Casotte ume of water in storage
o area. subject to salt-water en-
@ croachment from the Pas-
§ cagoula River if over-
H pumped.
A o Gray, carbonaceous, and fos- | Supplies 60 percent of the
& siliferous clay and sand, in municipal and industrial
Dlaces coarse but usually ground-water supply in
P 8 fine to medium. Lithol- | Jackson County. A large
% 5 ogy distingt from the Cit- unused supply west of Pas-
8 S ronelle Formation in | ecagoula River where the
] southern Jackson County. aquifer is more than 100
> feet thick. Soft sodium
bicarbonate type of water.
b
& Gray-green and blue-green | Comprises five aquifers along
b= clay, shale, and sand. the coast and many sand
& Sand is lenticular, fine to beds of local extent. The
« very coarse. Fossiliferous base of fresh water in Jack-
= Rangiec  johnsonmi, clam son County is in the lower
S characteristic of the Pas- part of the formation.
& = cagoula Formation, iden- Where thickness is sub-
° 2 é tified in several wells. stantial, transmissibility is
g ¥ ] high. Soft, sodium bi-
8 carbonate type of water,
2 usually having higher chlo-
= ride content than Graham
Ferry Formation.
5‘ Gray and green shale and | Contains supplies of fresh
2 sand similar to Pascagoula | water of undetermined
2 Formation. quantity in George County
=] Supplies town of Lucedale.
k] Probably salty in southern
o Jackson County.
> B Sand, shale, and sandstone. | Probably contains _fresh
o3 8858 § water in northern George
2§ SEat 2 County. Unused.

HATTIESBURG FORMATION

Outcrops of the Hattiesburg Formation are unknown in George
County. The formation is the oldest in George and Jackson Counties
which contains aquifers developed for a water supply, and the 1,000-
foot city wells in Lucedale (C15 and C17) are the only known wells
completed in it. S. M. Herrick examined sample cuttings from well
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F16URE 23.—Map of George and Jackson Counties showing configuration of the top of the Heterostegina
zone. See list of oil tests on facing page.



GROUND WATER 85

C17 but did not find Amphistegina sp., guide fossil of the Hattiesburg,
although the well was drilled several hundred feet into the formation.
The contact between the Hattiesburg and the Pascagoula Formations
is assumed to be at a depth of about 250 feet in United Gas Public
Service-Williams Unit 1 oil test (pl. 9). A paleontological report
from oil company files showed Amphistegina sp. in the first sample
examined at 251 to 279 feet, which probably is near the top of the
Hattiesburg Formation. Base of the formation is probably near the
base of the sand at 1,080 feet in the Williams Unit well. If so,
the Hattiesburg is about 800 feet thick at this location.

In another test, Ohio Oil-L.. N. Dantzler Lumber 2, (fig. 23),
Herrick found Rangia microjohnsoni at a depth of 570 feet; therefore
the Pascagoula Formation extends at least to that depth. He
did not find Amphistegina sp. The top of the Hattiesburg Formation
is believed to be at some depth below the massive sand at 1,000 feet
in Ohio Oil-Dantzler 1 (pl. 2 and fig. 23). Sand considered to be
Hattiesburg contains fresh water at depths of 1,200 and 1,400 feet,
and the base of the Hattiesburg in the Dantzler 2 well probably is
at about 1,700 feet, 200 feet above the occurrence of Archaias sp.,
which has been found to occur with Heterostegina (Akers and Drooger,
1957, p. 666). The formation is between 800 and 1,000 feet thick at
this location.

In the Humble Oil & Refining-Dantzler B-1 test (fig. 23), in north-
western Jackson County, Herrick identified Rangia johnsont in sample

Oil tests (fig. 23)

George County: 18. Sunnyland Contracting-U. 8. A. 1

1. United Gas P. S.-Luce Packing Co. 1 19. Crew Drilling-S. P. Borden-A. S. Dantzler

4. Hassie Hunt Trustee-McLain 1 1

5. I. P. Larue-Stanford-Crow Drilling-Mrs. 20. Gulf Refining-Pascagoula Hardware Co. 2
Florence Boss et al 1 24. Gulf Refining-L. N. Dantzler 8

6, I. P. Larue-Stanford-Crow Drilling-A. F. 26. Central Oil-Zach Brooks Drilling-B. E.
Dantzler et al 1 Green 1

7. United Gas P. S.-Williams Unit 1 88. Viking Oil-Hibernia Bank and Trust 1

8. The Ohio Oil-L. N. Dantzler 1 Jackson County:

8A. The Ohio Oil-L. N. Dantzler 2 1. Humble Qil & Refining-Dantzler Lumber

9. Central Oil-Luce Packing Co. 1 Co. B-1

10. Southern Production-Crow Drilling-Hi- 2. J. R. Brown-Crow Drilling-International
bernia Bank and Trust 1 Paper Co. 1

11. I. P. Larue-Stanford-Crow Drilling- 3. J. R. Brown-Crow Drilling-International
K. W. Stringfellow 1 Paper Co. 2

12. H. H. Duck-A. F. Dantzler 1 4. Southeastern Drilling-J. R. Brown-C. L.

13. Crow Drilling-8, P. Borden-B. E. Green 1 Dees 1

14, Sinclair Oil & Gas-Luce Packing Co. 1 52, Weston Drilling-U. 8. A. J-1

15. Sadler Oil-Hibernia Bank and Trust 1 54. Gulf Refining-Dantzler Lumber Co. 1

16. R. G. Copeland et al-Pascagoula Hardware 65. Gulf Refining-Dantzler Lumber Co. §
and Lumber Co. 1 67. C. A. Floto-State of Mississippi 1

17. Ryan & Anderson-J. J. Newman Lumber
Co.1and 2
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cuttings from several places between 470 and 1,630 feet, and Am-
phistegina sp. at 2,368 feet, probably near the base of the Hattiesburg.
The Hattiesburg probably begins above 1,600 feet and extends to
almost 2,300 feet. A paleontological report by B. L. Smith (oral
communication, 1961) shows that Sorites sp. occurs at a depth of 2,490
feet in this well. Akers and Drooger (1957, p. 666) and Puri (1953,
p- 45) stated that Sorites sp. is found with Archaias sp. Thickness,
of the Hattiesburg probably is at least 800 feet.

South of the Humble-Dantzler test the Hattiesburg is too deep to
be considered as a source of fresh water. The complete thickness of
the formation has not been prospected as a source of water, although
the Lucedale wells probably are completed in the lower part of the
formation.

Water from George County well C15 (table 21) is a sodium-bi-
carbonate type and similar to water in the Pascagoula Formation.
Yields of wells C15 and C17 are reported to be about 500 gpm. Com-
parison of the logs of the wells with electrical logs of oil tests in other
parts of George County indicates that water wells having similar
yields can be made in the Hattiesburg Formation in other parts of
the county and that a substantial supply of water is available from
this source to meet future demands.

PASCAGOULA FORMATION
STRATIGRAPHY

The Pascagoula Formation was first named Pascagoula Clay by
McGee (1891) because clay was so often found beneath the over-
lying gravel of the Citronelle Formation. In many places the contact
with overlying terrace deposits or sand and gravel of the Citronelle
is marked by the presence of green, dark blue, or gray clay beds of
the Pascagoula. Occasionally sand of the Pascagoula, usually gray
or dark blue and silty, occur below the contact. In the subsurface,
several hundred feet of fine to coarse sand occurs in the section in
lenses that cannot be traced far.

Brown and others (1944, p. 142-143), by interpreting the log of the
Sea Coast Oil Hibbler 1 test well, in northwest Moss Point, placed
the base of the Pascagoula at 1,800 feet and assigned 1,400 feet of sand
and clay to the formation. In the Humble-Dantzler well, Brown
placed the base of the Pascagoula at a depth of 1,600 feet, although
he does not show in the log the presence of Amphistegina. Herrick
found Amphistegina at 2,368 feet and placed the base of the Pas-
cagoula Formation at 2,338 feet. The total thickness thus repre-
sented of more than 2,000 feet for the formation seems excessive.
With the exception of the city wells (C15 and 17) at Lucedale in George
County and an abandoned 1,800-foot well that produced hot salt
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water in Moss Point, all wells drilled below the Citronelle or Graham
Ferry Formations are completed in the Pascagoula Formation.

No attempt has been made to divide the Pascagoula Formation
because of the lenticularity of the deposits. Brown’s interpretation
(Brown and others, 1944) of the top of the formation and the one
presented herein are in general agreement. However, the 500-foot
sand at Ocean Springs, which Brown considered basal Grahamn Ferry,
is probably in the Pascagoula Formation. The Pascagoula Forma-
tion dips to the south at about 40 feet per mile. Rangia johnsont was
found in well Q117 at Bayou Casotte at a depth of 990 feet and in
well N66 at Ocean Springs at 995 feet. The finding of Rangia johnsoni
in these wells indicates that the beds do not dip appreciably to the
west and that the strike of the Pascagoula Formation is ahmost
east-west, and the correlation of the 500-foot sand at Gautier and
Ocean Springs further substantiates the east-west strike.

In the vicinity of Pascagoula, a pronounced change in lithology
usually is apparent at the base of the sand of the Graham Ferry
Formation, where hard green shale 200 to 300 feet thick underlies
the sand. Several sands are fairly continuous in small areas. Prob-
ably the most extensive sand units are those at 500- and 800~ foot
depths at Ocean Springs. The 500-foot sand at Ocean Springs can be
traced as far east as the western part of Pascagoula, where three
flowing wells were completed in the unit. These are the only known
flowing wells in Pascagoula in 1961; other wells, both deeper and
shallower, ceased to flow before 1958. The sand has not been
recognized in wells farther east, although sandy zones noted at
approximately the 500-foot depth are probably equivalent.

The 500-foot sand consists of fine to coarse grains of quartz and
granules of black polished chert and has a gray appearance owing to
the large percentage of dark minerals. Granules of chert and quartz
are more abundant near Ocean Springs than at Gautier. In Gautier
and western Pascagoula, about 30 to 40 feet of sand in this interval
was correlated with the sand farther west on the basis of lithology,
stratigraphic position, water levels, and chemical composition of the
water. At Ocean Springs, the 500-foot sand may vary in short dis-
tances from more than 100 feet of coarse sand to an equal thickness
of sandy shale containing a few thin lenses of coarse sand.

The sand occurring at 800 feet at Ocean Springs is not as persistent
as the 500-foot sand (pl. 10). Lithologically, the sands are similar.
The 500- and 800-foot sands are distinguished from each other by
the chemical character of their contained water. The 800-foot
aquifer is not as extensively used as the shallower aquifer.

At Pascagoula and Gautier, sands occur at depths of 700 to 900
feet; they are probably equivalent to the 800-foot sand at Ocean
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Springs, even though considerable difference exists in the quality of
the water in the two areas and the chloride content is much higher
at Pascagoula.

A sand occurring at a depth of 800 feet underlies Moss Point, but
it apparently changes to a shaly section in the surrounding areas.
Because of the dip of the beds, this sand is not considered equivalent
to the 800-foot sand in Pascagoula.

In a small area in the eastern part of Pascagoula a bed of fine-
grained sand occurs at depths ranging from 600 to 650 feet. It is
similar to other sands of the Pascagoula Formation; but because of
its lesser thickness and fine texture, it is not capable of yields as large
as those of the 800-foot sand. As other wells are drilled, its areal
extent will be better known.

Aquifers at depths of more than 1,000 feet have been utilized very
little in George and Jackson Counties. Test wells have been drilled
and a few water wells completed in sand 1,000 or more feet deep in
the vicinity of Pascagoula. Owing to the lenticularity of these
aquifers and to the higher chloride content usually prevailing in
water from the deeper sand, development has been slight. In the
Bayou Casotte area, three test wells drilled to depths of 1,000 to 1,100
feet failed to penetrate an aquifer. However, sufficient sand for the
development of domestic or small industrial water supplies usually
can be found, and a few wells have been drilled through as much as
80 feet of sand at depths exceeding 1,200 feet (Q34, K37, fig. 2).
The mineral content of the water in well K37, on Bluff Creek, is
exceptionally low for the Pascagoula area, and the chloride content
is lower than that found in shallower wells. Most of the older wells,
completed at depths of more than 1,000 feet, produced water having
more than 500 ppm of chloride. Only two of these older wells are in
use in 1961.

HYDROLOGY

The formations that show the greatest amount of areal decline in
water level are usually the most heavily used. The deeper sands are
pumped more heavily in the western part of Jackson County, but
most of the ground water in the project area is derived from che
Graham Ferry Formation at a depth less than 400 feet. Comparison
of water-level measurements made in 195861 with the earliest
measurements available for the 500- and 800-foot sands shows
declines of 50 and 75 feet, respectively. In many places away from
the centers of pumping, flowing wells still exist after 75 years of use.
The artesian pressure of the 800-foot sand at Pascagoula and Moss
Point has decreased about 75 feet since 1897; pumpage has increased
from a few hundred gallons per day to 3 mgd between 1897 and 1958,
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and 10 percent of the available pressure has been used. 1f pumpage
remains constant, water levels will become nearly stabilized, but
increased pumpage will cause an additional decline in water levels.

The declines in water level are not only dependent on the amount
of water pumped but are also affected by the transmissibility and
storage coefficient of the aquifer. Three pumping tests on sands of
the Pascagoula Formation in Jackson County indicated that trans-
missibilities range from 25,000 to 60,000 gpd per ft (fig. 24 and table
20). It is estimated that transmissibilities will equal 60,000 gpd per
ft for the 500- and 800-foot sands at Ocean Springs.

Water levels in the 500-foot sand at Ocean Springs declined at the
moderate rate of about 1 foot per year since 1919. Measurements
made in 1919, 1939, and 1958 do not indicate an increased rate of
decline in the past 20 years. Water levels are 10 feet lower in the
center of Ocean Springs than in the area east of town (pl. 5; fig. 25).
The contour map shows that ground water is moving from the outcrop
area in norvhern Jackson County toward Ocean Springs and Gautier.
The natural discharge area of the aquifer lies at some distance offshore.
The use of water from this aquifer has not been large enough to cause
wells to stop flowing except in the immediate vicinity of Ocean Springs.
The contours in Ocean Springs show the effect of municipal pumpage
and withdrawals in the Biloxi area to the west.

Where the piezometric surface of an aquifer (fig. 39) stands above the
ground surface, a flowing well can be obtained. The map outlining
areas where flowing wells can be constructed was based on locations
of the deepest known wells in the two counties yielding fresh water
(pl. 10). The piezometric surface slopes toward the coast, and the
water in the deeper aquifers normally will stand under natural condi-
tions at a higher level than the water in the shallower aquifers. The
use of the aquifers along the coast has so altered the natural condition
that the water in the 500-foot sand at Pascagoula, for example, stands
at a little higher level than the water in vhe 800-foot sand.

Because of the lower chloride content of waer from wells in western
Jackson County, more wells exceeding 1,000 feet in depth are in use
in the vicinity of Ocean Springs and LaRue community than in the
remainder of the area. Electrical logs of oil tests drilled in the
northern parts of Jackson and George Counties show the presence of
several thick, sand beds in the Pascagoula Formation. Sample cut-
tings from deep wells show that the sands in the northern area are
generally very coarse and that each supply well should be capable of
yielding several hundred gallons per minute. However, information
on deep borings is lacking in much of Jackson County, and continuity
of the deeper sands is not well known.

1357271 0—64——T7
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DISTANCE, IN FEET, FROM PUMPED WELL
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CHEMICAL QUALITY

Water from the three principal water-bearing units of the Pascagoula
Formation is soft and is usually colored in varying degrees. Basically,
it is of the sodium bicarbonate type, having considerable quantities
of chloride in"water from the 800- and the 1,200-foot sands. Locally,
the percentage of chloride may be sufficient to change the classification
of the water to a sodium chloride type. The dissolved-solids content
of water from this formation is variable; generally, it increases with
depth and with distance from the outcrop area.



WATER RESOURCES, PASCAGOULA AREA, MISSISSIPPI

92

“S[[OM UOJJEAIISQO INOY
ol 93v10)s pus %mzﬁm
-S[UISUBI) JO SOMIBA 038IOAY | 00$—00T (-~~~ """"7---" 1 9000 099 000 ‘e% 08 “-eeuoay) |--siosialeadng jo preog L£juno)
*S[OM BUpMorg |7 T at €000  |TTTTTteTTTee (1,110 S bttt I op o -
00¢ 001 ST 2000° 08 000 ‘09 [ S op
00¢ 02-01 el €000 098 000 ‘8% 9 “-s[nodosed
-podo 009-008 o1, [T $000 o¥e 000 ‘%8 oor T op
-[oasp Aprood frem paedumd
18 pusg “sore S|J U 19
-jnbs jo justudoreAdp opped | 00008 91-L 4 200" 083 000 ‘BT g | wwuu ................... 00 19i0d ‘X "H
oy
"$1599 0M9 JO 988IOAY | 009008 91-L et 2000 °0 08¢ 000 ‘€2 09 Weqel) 777777700 [sopmey ) 895800
(aumopMmsIp jo
(d3) 13 10d wdd) | (umopmeuip (93 bs Jod (33 30d
syIewoy SPIOIA | s[[oM 8ordAg |  jo 9y Jod edeiogs jo | pd3) Ayqiq | pd3) A3mqrs | (3) puesjo | uopsuLIog JoumQ
woidAL Jo Ajoed | wdl) Agped | queroweo) -gouwred Jo | -syuismers jo SSOUNOIY,I,
-¥0 oywedg | -8o ogpadg kLGl ojnchle} JuUSR0)

[sdIqSUOI3¥[01 WMOP MBIP-00UB)SIP-OUI]) JO] 0 PUS ‘LT “§7 SonSy 90g]
"SSIp ‘wpnobvasvg fo fipurate up siofinbp sof vyop 1897 burdwung— 0z ATAV],



GROUND WATER 93

The observed maximum and minimum concentrations of the pre-
dominant constituents and dissolved solids are shown in the following
table.

Chemical analyses, in parts per million, of water from the
Pascagoula Formation

Concentration
Constituent
Maximum | Minimum
Sodium (Na) 619 16
Alkalinity (HCOs, CO3) - - 760 16
Chloride (C) . - 756 2
Dissolved solids 1,640 112

The individual concentrations of calcium, magnesium, and sulfate
seldom exceeded 10 ppm. Calcium and magnesium usually were less
than 5 ppm. The fluoride content of 1.9 and 2.4 ppm in wells P21
and Q34 exceeded the upper limit of 1.5 ppm for potable waters
recommended by the U.S. Public Health Service. The results of
analyses of water from wells in George and Jackson Counties are shown
in tables 21 and 22. A few of these analyses are shown graphically in
plates 9 and 10. These figures also illustrate the variability of chloride
in the area. The higher concentrations of chloride, and an equivalent
quantity of sodium, are presumed to be a result of incomplete flushing of
sea water that was trapped in the Pascagoula sediments when they
were deposited. The high sodium bicarbonate content probably re-
sults from a series of reactions involving calcium carbonate, base-
exchange minerals, and carbonaceous material. Foster (1950) states
that only in a formation containing these three materials, and, usually,
only at some depth in the formation, may water of a high sodium bi-
carbonate content be expected. Conversely, the occurrence of such
water may be taken as indicative of the presence of these three ma-
terials in a formation.

In the Ocean Springs area the chloride content of water from the
500-foot sand usually was less than 20 ppm. The chloride content of
water from the 800-foot sand ranged from 34 to 151 ppm, and in water
from the 1,200-foot sand it ranged from 340 to 762 ppm.

The difference in chloride content in waters from the 800- and 1,200
foot sands in the Pascagoula-Moss Point area is not as distinct as that
found in the Ocean Springs area. In the Pascagoula-Moss Point area
the chloride content of water from the 800-foot sand ranged from 57 to
300 ppm, and from the 1,200-foot sand it ranged from 175 to 545 ppm.
Considerable overlapping occurs in the maximum values for chloride
in the 800-foot sand and in the minimum values for chloride in the
1,200-foot sand in this area, and chloride values that approach the
maximum of 300 ppm are found at various depths within the 800-foot
sand unit. Such factors as environment of deposition, continuity of
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the aquifer, permeability, and distance to the outcrop are complexly
related, and together they explain the variation in chemical quality of
the water.

An increase in chloride content of water from a coastal aquifer
usually is considered indicative of salt-water intrusion. Two wells
(P124 and P134) were sampled periodically to monitor changes in
the chloride content of water from the Pascagoula Formation. Al-
though these analyses (see table 22) show a variation in chloride
content, they do not indicate salt-water intrusion in the aquifer.

The sands of the Pascagoula Formation at various depths in the
Pascagoule-Moss Point area are lenticular. An examination of sam-
ple cuttings and the results of pumping tests indicate that the perme-
ability of the sands varies from low to moderately high. These
characteristics affect the flushing of salt water from the aquifers
because low permeabilities hinder the free movement of water. The
variability of chloride with depth and the lack of distinction in chloride
content between the 800- and 1200-foot sands in the area probably are
a result of different rates of flushing of salt water from the sands.
On the other hand, the 500- and 800-foot sands in the Ocean Springs
area, although somewhat lenticular, are more continuous as a whole,
and their flushing is therby facilitated to a greater degree than in the
Pascagoula area. The generally lower chloride content of water in
the Ocean Springs area in the 500-, 800-, and 1,200-foot sands contrasts
with the higher chloride content in the aquifers at those depths in the
Pascagoula area.

The Pascagoula Formation crops out in a large part of the upland
surface west of Pascagoula River, and natural recharge to the sandy
aquifers in the outcrop is direct. East of the river, where much of the
upland surface is covered by a thick mantle of the Citronelle and
terrace deposits, water available for recharge must pass through the
thick surficial deposits before reaching the underlying Pascagoula
Formation (pls. 3, 9). Rate and distance of movement of water
through the aquifers to the coast are important factors in the
mineralization of the water.

The depositional environment of the sand and surrounding clay
beds, whether in a marine, brackish-water, or fresh-water environ-
ment, would influence the type of water available today. More
thorough flushing would be needed to obtain potable water supplies
from marine deposits than from continental deposits.

"According to electrical logs of oil tests drilled in west-central Jackson
County, the base of fresh-water sands is at depths ranging from 1,500
to 1,800 feet. The log of the C. A. Floto State of Mississippi 1 test
drilled on Horn Island shows the presence of moderately fresh water
at a depth of 1,500 feet. In Moss Point, a well drilled 1,807 feet deep
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was sampled in 1956 and yielded water having a chloride content of
1,560 ppm. In Pascagoula, water containing 550 ppm of chloride
was obtained at a depth of 1,600 feet. The deepest well south of the
mainland (047) for which an analysis is available is 1,140 feet deep
and yields water having a chloride content of 135 ppm. The combina-
tion of electrical logs and water analyses for deep wells indicates that
the lower limit of occurrence of fresh water ranges from a depth of
1,200 feet at the coast to 1,600 feet in central Jackson County. From
the coast to Horn Island, the lower limit of occurrence of fresh water
is almost level.
GRAHAM FERRY FORMATION
STRATIGRAPHY

The Graham Ferry Formation contains the aquifer most widely
used and generally most consistently present in the vicinity of Pasca-
goula. The formation was named and described by Brown and others
(1944) from exposures at a power-line crossing south of Graham Ferry
near the center of the eastern half of sec. 38, T. 5 S.,, R. 7 W. The
contact between the Graham Ferry and the Pascagoula is not visible
at this locality. The Graham Ferry outerop lies in the northwestern
part of Jackson County, west of Pascagoula River and south of Red
Creek. Remnants of the formation may be exposed in stream valleys
east of the river, but they have not been recognized. Typical gray
clay and silty sand beds are exposed along the road cuts and creeks
north of Vancleave. The 400-foot sand developed in Pascagoula and
Bayou Casotte is equivalent to the sandy beds at Graham Ferry.

The base of the 400-foot sand at Pascagoula was considered by
Brown to be the base of the Graham Ferry Formation and in contact
with the top of the Pascagoula Formation of Miocene age. However,
about 500 feet of clay and sand below the 400-foot sand may belong
to the Pliocene instead of the Miocene Series. According to Akers
and Drooger (1957, p. 667) “* * * the suggested Miocene-Pliocene
boundary in the Gulf Coast is in accordance with usage of oil companies
which follow Ellisor (1940) in recognizing the Rangia microjohnsoni
zone as uppermost Miocene.” However, until additional information
is available, Brown’s interpretation of the boundary in the vicinity of
Pascagoula is accepted in this study.

The apparent dip of beds of the Graham Ferry is southward at the
rate of 19 feet per mile, as determined from seven measured sections
extending for 3 miles north and south of Graham Ferry on the west
bank of Pascagoula River. The contact between a 3-foot bed of gray
clay overlying a bed of light gray fossiliferous sand is the horizon on
which the calculation of dip is based. Even though this fossiliferous
bed was not traced in the subsurface, projection of the dip southeast
to Pascagoula indicates a correlation of the sand exposed in the bluff
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(see measured section, p. 13) with the 400-foot sand at Pascagoula.
Similarly, the sand and overlying clay in the measured section on the
river, when projected west to the geologic section (pl. 2), correlates
with the sand and overlying clay occurring in the wells along the cross
section. Even though the strata are faulted in the vicinity of Graham
Ferry, the displacement is small and of minor consequence in the
correlation.

The relation of the Graham Ferry to the underlying Pascagoula
Formation is obscure, and a definite contact between the formations
in the outerop area has not been observed. The base of the sand can
be traced in well logs from Gautier to Vancleave. Correlation of the
sand beds west of the river with those east of the river is based on
tracing the water levels from the drawdown cone in Pascagoula to
Gautier, on correlation of electrical logs, and on chemical character-
istics of the water. The correlation is shown in a geologic section
(pl. 2) extending from the vicinity of Vancleave to Gautier and thence
along sections (pls. 10, 12) to Pascagoula and Bayou Casotte.

Brown correlated the 400-foot sand at Pascagoula with sand occur-
ring at a depth of 500 to 600 feet at Ocean Springs. An alternative
explanation based on correlation of electrical logs, sample studies,
and water levels in numerous wells indicates that the sand in the
Graham Ferry Formation fills a broad trough at Pascagoula and rises
somewhat to the west (pls. 10, 13).

The chief reason for changing Brown’s correlation of the 400-foot
sand at Pascagoula with the 500-foot sand at Ocean Springs is the
difference in water levels in the two aquifers in the vicinity of Gautier
(pls. 4, 5). Pumpage from the Graham Ferry Formation in Pasca-
goula has created a drawdown cone that is reflected as far as Gautier.
The water level in the Graham Ferry stands 10 vo 20 feet below the
water level in the 500-foot sand in Gautier. Comparison of the two
piezometric maps shows that the difference in water levels in the two
aquifers decreases toward Vancleave as the effect of the pumpage at
Pascagoula decreases.

The 400-foot sand usually is gray and similar in many respects to
sand in the Pascagoula Formation, but it contrasts markedly with the
overlying sand of the Citronelle Formation and terrace deposits.
The gray color is caused by an abundance of magnetite and other dark
heavy accessory minerals, which occur in large concentrations in some
wells and in smaller quantities in others. The sand in the bluffs along
Pascagoula River similarly contains an abundance of dark mineral
grains that give the outcrop a characteristic gray color. The pro-
nounced variation in mineral content of the sand that occurs within
very short distances is suggestive of beach deposits. The variation
in amount of sand, percentage of heavy mineral constituents, and
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interbedding with marine clay and carbonaceous beds clearly indicate
estuarine and near-shore environments of deposition for the sediments.
The sand is well sorted and fine- to medium-grained. The lower 10
to 20 feet is coarse-grained in the vicinity of Gautier and contains
granules of polished chert and well-rouaded quartz. The difference
in transmissibility that occurs in Bayou Casotte and in the city of
Pascagoula is evidence of the textural variation.

A dense gray carbonaceous clay bed 20 to 40 feet thick separates
the 400-foot sand from the overlying coarse sand and gravel of the
Citronelle Formation. The sand thickens gradually at the expense
of the overlying clay from Vancleave to Pascagoula where the sand
is as much as 110 feet thick. The thickness of the sand increases
from Ocean Springs to Pascagoula and then decreases somewhat to
the east. In the Bayou Casotte area the sand ranges from 40 to 80
feet thick and in places is divided into two beds separated by a shaly
unit from 20 to 40 feet thick. Where the aquifer is shaly, it can be
traced by the presence of thia sandy layers that correlate with the
thicker sands. The sand can be traced as far north as Escatawpa on
the east side of the river where it wedges out beuneath the coarse
alluvial and terrace deposits in the Pascagoula River valley and the
broad terrace. The sand is virtually absent in places along U.S.
Highway 90 (pl. 10) where equivalent beds of sandy clay 50 to 75 feet
thick are present.

HYDROLOGY

Because 60 percent (6.6 mgd) of all ground water used in the Pasca-
goula-Moss Point area is pumped from the Graham Ferry Formation,
water levels in this aquifer have decliaed considerably. Since 1939,
most of the city supply has been pumped from this formation. Mu-
nicipal pumpage from the Graham Ferry amounted to 1.9 mgd in
1958. Pumpage data for earlier years are not available. In the
Bayou Casotte industrial area, the average daily pumpage according
to records and estimates is 2.2 mgd. The remaining 2.5 mgd is used
in other industries and in private water systems supplying residential
subdivisions.

The earliest recorded water-level measurements were made in 1939
when three city wells were drilled along Communy Street and water
levels stood from 4 to 8 feet below land surface. The first industrial
wells were drilled in 1936, and two others were added in the area prior
to drilling of the city wells. Since that time, many domestic wells,
3 additional municipal wells, and about 20 industrial wells have been
constructed in various parts of the area.

During the period 1939-60, the water level has declined in downtown
Pascagoula at the rate of 1.7 feet per year. The hydrographs (fig. 25)
compare water-level declines in several parts of the area. Wells P68,
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P69, and P113 are city wells in operation. The rate of decline in P68
and P69 is about 2 feet per year, whereas the decline in P113 is 1.5
feet per year in 1961. The water level in well P123, one of three wells
in the Graham Ferry at the Communy Street well field, declined at
the rate of 1.7 feet per year.

In May 1957, the static water level of the Graham Ferry Formation
at Bayou Casotte stood 11 feet below land surface, approximately
the same as the water level of the overlying Citronelle Formation in
1961. Since 1957-58, when seven industrial wells were constructed
in the Graham Ferry, the static water level has fallen 39 feet, while
the water level of the Citronelle Formation has remained the same
(fig. 26). Prior to 1957, domestic wells in the area completed in the
Graham Ferry were equipped with suction pumps that are capable of
operating efficiently when the static water level is less than 21 feet
below the surface. An increase in industrial pumpage has necessitated
the installation of jet pumps capable of lifting water from greater
depths.

Early in 1961, water levels in the Bayou Casotte area had begun to
stabilize under the draft (fig. 25, Q106). The annual decline in water
levels will diminish in the future until an additional draft is imposed
on the formation through construction of new wells or pumpage is
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increased from operating wells. The rate of decline will increase in
proportion to the increased draft.

The results of three pumping tests in the Bayou Casotte area and
one in the western part of the city show considerable range in the
transmissibility of the Graham Ferry Formation (table 30). The
transmissibility determined in the test in Pascagoula is 54,000 gpd
per ft. The average for the tests in Bayou Casotte is about 23,000
gpd per ft. The coefficients of storage determined from three of the
tests were of the same magnitude and averaged about 0.0003. Due
to the lower transmissibility, greater drawdowns can be expected in
Bayou Casotte than in the city. Figure 27 is a graph comparing
the amount of interference that can be expected between two wells
in the Graham Ferry Formation having the coefficients determined
in the two areas. Electrical and drillers’ logs show considerable varia-
tion in total thickness of sand in the formation; for this reason, the
transmissibility will vary from place to place. The short period of
pumping in Bayou Casotte has resulted in a decline in water levels
that equals the decline recorded in the city over a much longer period
of time. This decline is due to the concentration and amount of
pumping and the lower transmissibility.

Records and estimates indicate that about 1,500 gpm (2.2 mgd)
was pumped on the average day in 1959 and 1960 from the Graham
Ferry Formation at Bayou Casotte. By using coefficients of trans-
missibility and storage determined from the test at the Quaker Oats
Co. plant (table 20), the effect on the city wells was calculated with
the Theis equation for a period of 1 year of steady operation and a
distance of 4 miles between the center of pumping at Bayou Casotte
and city well P113. The interference amounted to 10 feet. However,
there has not been that large a decline in water levels in any of the city
wells in 1959 and 1960. :

A shaly zone which would form a partial barrier to free movement
of ground water may exist in the aquifer near the ground-water divide
between the municipal and the Bayou Casotte well fields. The in-
ference may be drawn that recharge has developed either (1) from
within the area, through contribution of water from overlying and
underlying beds caused by reduction in pressure in the aquifer, or
(2) from movement of water into the area at a more rapid rate owing
to a hydraulic connection with the Citronelle Formation in the vicinity
of the Escatawpa River (pl. 10; fig. 28). The recharge probably is
due to a combination of these causes.

The Graham Ferry Formation is recharged in the uplands west of
Pascagoula River where it is exposed in the hills north of Vancleave.
Here the formation is overlain in places by the Citronelle Formation,
which discharges water to the streams and permits some water to
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infiltrate the Graham Ferry beneath it. Recharge also occurs indi-
rectly through the alluvium, terrace deposits, and Citronelle Forma-
tion on the broad terrace north of Escatawpa River. Because the
recharge area is not far distant, a perennial supply of water is avail-
able to replace much of the water used near the coast. The piezo-
metric map (pl. 4) indicates the direction of movement of ground
water under confined conditions into the drawdown cone. Lower
mineralization of the water to the west and northwest indicates a
source of recharge in that direction.

Because of the proximity of the recharge area, an amount of water
equal to that pumped in 1959-60 from this formation in the Pasca-
goula area can be developed without seriously impairing the quality
of the water. Deeper pump settings will be required as pumpage
increases.

The piezometric map (pl. 4) shows the form of the water surface
and the elevation at which water stood in wells in the winter of
1959-1960. Pumping has created drawdown cones; the depth of
the cone depends on the rate and duration of pumping, transmissibility
of the aquifer, and location of centers of pumping. Three cones
exist in the area: Kreole, Pascagoula, and Bayou Casotte. From
the area of the cones to Escatawpa, the piezometric surface rises
until it coincides approximately with the piezometric surface in the
overlying Citronelle. Ground water moves into the area of heavy
pumpage from the north and northwest. West of Pascagoula River
the influence of pumping in Pascagoula is reflected in the water levels,
which are somewhat lower than in the overlying and underlying
aquifers.

Summarizing, the rate of decline apparently is not much different
early in 1961 from what it has been for the long period, although the
amount of water pumped in 1961 is greater. This stability means
that if use had not increased, the rate of decline during the past 3
years would have been less. It follows also that as demand continues
to increase, water levels in the area will decline at about the same
rate unless the demand is sharply accelerated.

Although localities exist where little sand is present in the Graham
Ferry, as in the northern part of Bayou Casotte industrial area, the
sand can be traced to the east. The sand is thick in the western part
of Pascagoula and Gautier. These are areas for additional develop-
ment of water supplies from the aquifer. Although pumping tests
have not been made west of the river, the transmissibility probably is
about the same as that determined in Pascagoula. Additional
pumpage in the Gautier area will decrease the quantity of water
moving into Pascagoula and will lower water levels in the city.
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Figure 26 shows the relationship between depth of the aquifer and
available pressure head remaining for additional development.
Profile of the piezometric surface was taken from the piezometric
map (pl. 4), but the thickness and uniformity of the aquifer are
generalized between the drawdown cones. If the use of water from
the aquifer is doubled or tripled, certain wells should be monitored
to detect the presence and source of any possible increase in chloride
content. The natural recharge can be supplemented by reinjection
of water.

CHEMICAL QUALITY

Water from the Graham Ferry Formation is of a sodium bicarbonate
type and has a relatively high percentage of chloride in some places.
The water is soft (hardness ranged from 7 to 52 ppm in samples
analyzed) and slightly colored. The iron content usually is less than
0.5 ppm; however, water from three wells in the Moss Point area
had an iron content ranging from 1.2 to 2.6 ppm. The dissolved-
solids content of the water generally increases in a southeasterly
direction. Observed maximum and minimum concentrations of the
predominant constituents and the dissolved solids in water samples
analyzed are summarized in the following table.

Chemical analyses, in parts per million, of water from the
Graham Ferry Formation

Concentration
Constituent

Maximum | Minimum

Sodium (Na)____...__________ . 272 55

um (Na)
Alkalinity (HCO:+OOs)_._. 576 144
Chloride (Cl)._._._.___.___._ 205 12
Dissolved solidS. ... ___ ... .. 766 226

Results of analyses of water from the Graham Ferry Formation
are shown in table 22. The chemical character of the water is similar
to that of water from the Pascagoula Formation; this similarity
indicates that the individual chemical characteristics of the water
probably are a result of the same type of environmental conditions.
For the most part the higher concentration of chloride in the Pasca-
goula area is a result of incomplete flushing of the sea water that was
trapped in the sediments at the time of their deposition. The high
sodium bicarbonate content of water is a result of the same series of
reactions, involving calcium carbonate, base-exchange minerals, and
carbonaceous material, that produce the high sodium bicarbonate
water in the Pascagoula Formation.

Analyses of water from wells west of Pascagoula River show that
a marked decrease in chloride content occurs in the direction of
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Ocean Springs and Vancleave (pl. 12). This decrease may be due to
the nearby source of recharge in the uplands north of Vancleave.
The piezometric map (pl. 4) shows that ground water is moving
southeastward from the Vancleave area toward Pascagoula and that
the chloride content increases in the same direction.

Four wells (P68, Q100, Q101, and Q111) were sampled periodically
to monitor the chloride content of water in the Graham Ferry
Formation. The variation in chloride (see table 22) did not indicate
any salt-water intrusion in the aquifer. The analyses are indicative
of the magnitude of variation of chloride content in water from this
formation.

CITRONELLE FORMATION AND TERRACE DEPOSITS
STRATIGRAPHY

The Citronelle Formation and terrace deposits are considered
together as a hydrologic unit, although the Citronelle is an older
deposit, and underlies the terrace deposits along the coast. The Citronelle
Formation is extensive; it blankets the uplands in the northern part
of Jackson County and a large part of George County. The areal
extent of the Citronelle and terrace deposits is shown on the geologic
map (pl. 1). West of Pascagoula River the Citronelle has been more
deeply eroded and is less extensive than in the area east of the river.
From the outcrop the formation dips beneath the surface south of
Big Point where it is overlain by a progressively thickening section of
alluvial and marine terrace deposits at the coast line. The base of
the formation drops 350 feet from Lucedale to Bayou Casotte at an
average dip of 8 feet per mile south (pl. 6). The contact with under-
lying formations is unconformable, irregular, and marked in many
places by a distinct change in color and material. The locations and
altitudes of a few contacts are shown in plate 6.

The contact between the Citronelle Formation and the underlying
Pascagoula or Graham Ferry Formation is marked usually by coarse
sand and gravel underlain by purple weathered clay. Layers of
crosshedded sand alternating with beds of clay balls occur in many
places in the lower part of the Citronelle. Petrified wood is common
in many exposures. Gravel is irregularly distributed, but generally
more conspicuous in the lower part of the formation and in the terrace
deposits bordering the river. In the subsurface near the coast, the
base of the Citronelle was traced in sample cuttings by the first
appearance of gray carbonaceous or pale green clay of the underlying
Graham Ferry. Electrical logs of water wells usually show a distinct
change in character of the resistivity curve at the contact.

The formation increases in thickness from zero, where it is com-
pletely eroded away on the upland slopes, to more than 100 feet near
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the coast. Near Lucedale, the formation is as much as 80 feet thick.
As much as 100 feet of coarse sand occurs in one unbroken unit at
Bayou Casotte. Elsewhere the unit may consist of lenses of coarse
sand separated by carbonaceous or fossiliferous clay and sandy clay.

East of Pascagoula River a practically continuous blanket of sand,
comprising the Citronelle Formation and terrace deposits, covers the
surface from the northern edge of George County to Pascagoula.
The blanket thins southward to Harleston, where there is only about
20 feet of sand, and thickens again farther south. On the terrace
west of Hurley, sand and gravel deposits similar in content, texture,
and lithology to the Citronelle reach 100 feet in thickness. These are
mapped as terrace deposits at the surface, but the lower part of the
sand and gravel unit south of Big Point may be Citronelle inasmuch
as it continues uninterrupted into the coarse sand at the coast. The
Citronelle apparently continues beneath the alluvial fill of the
Pascagoula River and thins west of Gautier.

The Citronelle is thicker and more uniform in texture near the
coast in the vicinity of the Pascagoula River valley, and it thins both
east and west of the valley (pl. 10). In Bayou Casotte the sand is
massive but thins to some extent northward toward Kreole. Logs
of wells north of Escatawpa River show an abundance of coarse sand
equal in thickness to the Citronelle farther south. On the broad
terrace partly occupied by Black Creek Swamp, sand and gravel is
uniformly distributed; it increases in thickness from 60 feet below
the escarpment west of Hurley to about 80 feet near the Pascagoula
River west of Wade.

HYDROLOGY

The source of the water in the Citronelle Formation and the associ-
ated terrace deposits is precipitation on the area. As noted earlier,
the belt of highest rainfall, which extends across George County,
coincides with the greatest upland accumulation of deposits of the
Citronelle. Although only a very small percent of the total precipi-
tation percolates to the water table, the volume is considered large
because of the extensive area involved and the permeable nature of
the material. In the higher parts of the area, as much as 40 feet of
saturated sand and gravel exists above the top of the Miocene forma-
tions under water-table conditions. Water moves laterally in all
directions from the underground reservoir to the tributary streams
of Pascagoula and Escatawpa Rivers. Because of the relatively slow
movement through the Citronelle and terrace deposits, a large volume
of water is discharged fairly evenly by the numerous contact springs
to the streams throughout the year.

From Lucedale to the coast the water table conforms to the land
surface (pl. 6). In the uplands, where the land surface is from 250
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to 300 feet above sea level, the water table stands as much as 60 feet
below the surface. Water-table conditions generally exist at least as
far south as Wade and Hurley. In the broad flat area south of Wade,
the water table stands within a few feet of the surface. The presence
of clay beds in the lowlands causes semiartesian conditions. At the
coast line, where artesian conditions exist and the aquifer is buried
beneath 50 to 100 feet of clay, silt, and fine sand, the piezometric
surface stands from 3 to 15 feet below land surface, or very nearly
at sea level. Plate 14 shows variations in the saturated thickness of
the Citronelle Formation and terrace deposits east of the Pascagoula
River.

Many domestic wells derive water from the Citronelle and terrace
deposits. A few industrial wells and one municipal well are com-
pleted in the Citronelle Formation at depths of 150 feet along the
north side of Escatawpa River and in Moss Point. Hydrographs of
two wells in the Citronelle Formation are presented in figure 28. In
the Escatawpa area some logs show the presence of sand and gravel
to a depth of 230 feet, considerably below the depth to which the Citro-
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nelle should extend. The clay bed normally present between the
Graham Ferry and Citronelle apparently is absent in places, and the
water from the deeper aquifer at 230 feet is similar in chemical quality
to that from 150 feet. The iron content, particularly is unusually
high for a well completed in the Graham Ferry. Altitudes of water
levels in these wells were used on the water-level contour map of the
Citronelle Formation and terrace deposits, and they indicate a draw-
down cone in the center of the Escatawpa River industrial area.
These water levels fit the piezometric map of the Graham Ferry
Formation equally well.

In the uplands, ground water is discharged from the Citronelle at
its contact with the underlying clay beds of the Pascagoula and
Graham Ferry Formations. The discharge area of the Citronelle
Formation farther south is in the alluvial valley of Pascagoula River
and south of the coast line beyond Horn Island. Movement of water
through the formation in the vicinity of Escatawpa and Pascagoula
is relatively slow because the water surface is nearly level. The
quantity of water passing through the aquifer toward the gulf and the
river is directly proportional to the hydraulic gradient. It is esti-
mated that 3 to 5 mgd of water is discharging across the 10-foot
contour to the Pascagoula River and the gulf. Increasing the hydrau-
lic gradient by increasing the draft on the aquifer will speed the
southerly flow of water. Only a small part of the water that normally
discharges into the gulf is intercepted by wells.

A pumping test was made on the aquifer at Bayou Casotte to de-
termine the coefficients of transmissibility and storage and the differ-
ences in chloride content of the water. Plate 15, in addition to being
a geologic section, shows the differences in chloride content of the
water and variations in thickness of the aquifer. The test was laid
out along a north-south line 5,900 feet long (fig. 29) and was run
continuously for 21 days. The transmissibility of the aquifer was
determined for each of the wells by using the Theis nonequilibrium
method and the Thiem equilibrium method. The values were nearly
uniform for all the wells except for a lower value of transmissibility
at the north well (O-1), which is indicative of an increasing clay
content in the formation in that direction. This increase had been
. noted earlier in wells drilled in tvhe vicinity of U.S. Highway 90.
The application of the test results to future ground-water development
in the Bayou Casotte industrial area is discussed under ‘“Potential
Development’” pages. The yield-drawdown relationship determined
from the pumping test is shown in figure 30.

CHEMICAL QUALITY

The chemical character of water from the Citronelle Formation

and from the terrace deposits is similar. In the upland areas the
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water is essentially of a calcium bicarbonate type and has a low dis-
solved-solids content. The dissolved-solids content increases coast-
ward, and along the coast is considerably higher than in the upland
areas. This increase results primarily from increases in the concen-
tration of sodium, bicarbonate, and chloride. A gradual increase in
chloride content from 38 ppm in well Q119 to 185 ppm in well Q104
is shown, on the geologic section (pl. 15), to extend south through
Bayou Casotte. The same southward trend of increasing chloride
content exists in Pascagoula, although it is not as well defined. The
increase of sodium is greater than the increase of calcium and mag-
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nesium; however, in local areas, calcium and magnesium may be pres-
ent in considerable quantities.

The iron content and the hardness of water from these deposits
usually are higher than those found in water from the Pascagoula and
Graham Ferry Formations. In water from the Citronelle Formation
and terrace deposits, hardness and iron values as much as 200 and
7.5 ppm, respectively were observed. Analyses of water from these
deposits are shown in tables 21 and 22. A few analyses are shown
graphically on plate 10.

Danger of salt-water encroachment exists in the Citronelle Forma-
tion and the terrace deposits along the lower reaches of Pascagoula
and Escatawpa Rivers. No definite salt-water encroachment as a
direct result of pumping was recognized in 1960.

Where these deposits are adjacent to and have a hydraulic connec-
tion with the salt-water reaches of the rivers, saline water from the
rivers diffuses into them and contaminates the fresh ground water.
The salinity of water in the squifer varies with discharge of water
from the aquifer and the salinity of water in the rivers. The land-
ward limit of the zone of diffusion moves back and forth in response
to variations in river stage relative to the altitude of the water table.

Along the coast, water from wells completed in the Citronelle For-
mation at depths from 72 to 156 feet contain 190 to 230 ppm of
chloride, whereas, in the center of Pascagoula wells ranging in depth
from 110 to 180 feet in the same formation contain from 31 to 170,
ppm of chloride. The contrast in the chloride content of the water
obtained in Pascagoula with that obtained in the sands at various
depths in the Pascagoula River Valley is shown by the analyses for
wells P70 and P78; the salt-water fresh-water contact is between these
two wells. On the west bank of the Pascagoula River, well P78,
completed at a depth of 88 feet, had a chloride content of 12,100 ppm.
One-half mile east of the river, well P70 had a chloride content that
ranged from 30 to 38 ppm. Samples of water taken at intervals
since 1958 from well P70 indicate a possible slow increase in chloride
content. However, continued monitoring will be necessary to estab-
lish existence of a trend.

Figure 31 is a generalized sketch showing ground-water conditions
in an aquifer that is connected with a stream carrying saline water.
Part A of this figure shows that variations of chloride content in
water from wells depends on the location and depth of the screen with
respect to the zone of diffusion. Well P78 (pl. 1 and table 22) evi-
dently is screened in salt water, and well P70 is in fresh water. The
analyses for well P34 (table 22) indicate that this well is screened in
the fringe area of the zone of diffusion. Any changes in the salt
content of water in the aquifer likely will depend on changes in the
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salt content of the surface water and the amount of pumpage from
the sands.

Part B of figure 31 shows the condition that would exist if pumpage
from the aquifer were sufficient to extend the cone of depression to the
salt-water zone. To avoid this eventuality, any large-scale develop-
ment of this aquifer will require careful control.

ALLUVIUM

The extent of the alluvial deposits of the river valleys is shown on
the geologic map (pl. 1); the thickness in the Pascagoula River valley
is shown in the geologic sections (pls. 3, 12, and 16). The deposits
extend for short distances up tributary streams and decrease rapidly
in thickness above the mouths of the streams.

Along section G—-G’ (pl. 3) the alluvial deposits range from 50 feet
thick on the west side of the valley to 30 feet thick on the east side.
Along section F-F’ from Vancleave to the Escatawpa River no data
were available on the depth of the alluvium. The deposits under-
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FI16URE 31.—Ground-water conditions in an aquifer cut by a stream carrying saline water. 4, water flow
before pumping; B, during pumping. A cone of depression is formed a1ound each well; this cone depresses
the water table and causes lateral encroachment of salt water into the wells.



POTENTIAL DEVELOPMENT 111

lying the terrace extend to a depth of about 100 feet. If the bottom
of the Pascagoula valley coincides with the base of the terrace deposits,
as it is shown on the geologic section, the deposits would be about
80 feet thick. The Citronelle Formation, present in the lower reaches
of Pascagoula River, probably wedges out beneath the alluvial de-
posits at some point upstream from U.S. Highway 90. Because no
distinct boundary was determined between the alluvial deposits and
the Citronelle Formation, the materials were mapped as undivided
(pls. 10, 12).

Samples of water for chemical analysis were obtained from wells
along the valley adjacent to the river flood plain. However, the
deposits in which these wells are completed, formerly thought to be
alluvial deposits, are here considered to be terrace deposits. The
only distinction between the alluvial and terrace deposits is that of
position, the lithology being similar. Inasmuch as the water table
slopes toward the valley from the adjacent terrace (pl. 6), the quality
of water in the alluvial deposits should be similar in character to that
in the terraces. Where salt water is present in the river, a zone of
salt water will exist beneath the river. The distance upstream that
salt water occurs in the alluvial deposits will be determined by the
extent of salt-water penetration up the river.

POTENTIAL DEVELOPMENT
SURFACE WATER

Large quantities of surface water of good quality are available in
the Pascagoula area. Use of water from the Escatawpa River system
in 1958 was about 130 mgd, of which 80 mgd were removed from the
drainage basin and transported to Mobile, Ala., for municipal and
industrial uses. In the lower reach of the river, about 50 mgd were
withdrawn for industrial use. The water returned to the stream is
high in organic content; however, the return water is added to the
river at a location downstream from the withdrawal point and in a
reach that is penetrated frequently by salt water. The water resources
of the other streams are largely undeveloped.

QUANTITY
ESCATAWPA RIVER

Consumptive withdrawals from Escatawpa River would require
some type of storage facility to assure the availability of water during
periods of low flow. It is presumed that withdrawals from the river
would be transported to the Bayou Casotte industrial area and not
returned to the river; in effect, the withdrawals would be a consump-
tive use. The 1956 Mississippi water law prohibits withdrawals
for consumptive use when the flow of a stream is less than the average
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minimum. If a reservoir is to supply a continuous withdrawal of
100 mgd, the storage must be sufficient to provide for the withdrawal
and to maintain the average minimum flow in the river. Computa-
tions using data for the station Escatawpa River near Hurley, not
allowing for evaporation and seepage losses, indicate a storage of
about 25,000 acre-feet of water would be necessary to meet these
requirements during an extended period of low flow having a 50-year
recurrence interval.

If a reservoir is operated to maintain the average minimum flow
of 128 cfs (83 mgd) during periods of extreme low flow, the outflow
from the reservoir would be greater than the natural flow of the
Escatawpa River would have been. The flows of Big, Jackson, and
Franklin Creeks also augment the natural flow of Escatawpa River
downstream from the Hurley gage by nearly 100 percent. During
the drought of 1954, the flow of Escatawpa River near Wilmer, Ala.,
was 30 percent less than the average minimum. It is probable that
this condition also existed in the lower reaches of Escatawpa River.
If a reservoir is capable of maintaining the average minimum flow
during such periods of low flow, the extent of salt water penetration
in Escatawpa River would be less than that experienced during 1954.
Therefore, a reservoir on Escatawpa River operated as suggested
would be beneficial to existing (1961) industrial users and would
assure an additional water supply of 100 mgd for the area.

The drainage area of Escatawpa River near Hurley (at Brown’s
bridge) is 639 square miles, abous 75 percent of which lies within
Alabama. However, during periods of low flow about 50 percent of
the flow at Hurley is derived from the drainage area within Mississippi.
During periods of flood runoff the streamflow yields of segments of
the basin are more or less proportional to the drainage area. A water
compact between Mississippi and Alabama will be necessary to assure
an orderly and equitable development of the water resources in the
Escatawpa River basin.

PASCAGOULA RIVER

The Pascagoula River is a potential source for a large water supply.
At Graham Ferry the minimum flow of the river during a drought
having a 50-year recurrence interval would probably exceed 1,000 cfs.
However, to satisfy legal requirements, consumptive withdrawals
(based again on the assumption that the water would be transported
to the Bayou Casotte industrial area) cannot be made during periods
when streamflow is less than the average minimum flow. The average
minimum flow at Graham Ferry was estimated to be 1,360 cfs. On
the basis of frequency data shown in table 9, the annual 7-day mini-
mum flow at this location will be less than 1,360 cfs on the average of
once in 8 years; and the annual 30-day minimum, once in 16 years.
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Some type of storage facility would be required to assure a continuous
supply of water during periods of low flow, when legal restrictions
would prevent withdrawals for consumptive use. Withdrawals made
in the vicinity of Graham Ferry or Cumbest Bluff would require an
off-channel storage of about 30,000 acre feet, not allowing for evapora-
tion and seepage losses, to maintain a continuous supply of 155 cfs
(100 mgd) during an extended period of low flow having a recurrence
interval of 50-years. When the flow of Pascagoula River exceeds
the average minimum, withdrawals can be made as low as mile 20
with assurance that salt water would not penetrate to that location
except as the result of hurricane tides.

An amendment to the water law is being considered by the 1962
Mississippi Legislature. The proposed amendment provides that the
Board of Water Commissioners may authorize an industrial use of
water when the streamflow is less than the average minimum. If
the amendment becomes part of the water law, the Pascagoula River
at Cumbest Bluff or Graham Ferry could be made available as a
continuous source for an industrial water supply of 100 mgd, and the
only storage needed would be a small amount to assure a continuous
water supply during operational emergencies.

An engineering firm suggested in a preliminary report for industrial
water supply that Black Creek Swamp be used for off-channel storage
of Pascagoula River water. The water would be transported from
the swamp to the Bayou Casotte area by means of open channels,
pipe lines, and an inverted siphon to cross Escatawpa River. The
general topography of Black Creek Swamp is such that levees would
be required on the west side and on the north and south ends of the
swamp to form a reservoir. Swamp deposits, several feet thick,
overlie a strata of sand. If the stored water is in contact with the
sand, seepage will occur; however, in time, sediment will partially
seal the underlying sand.

TRIBUTARY STREAMS

Many tributary streams in the area are potential sources for a
water supply. Big, Jackson, and Franklin Creeks, tributaries to
Escatawpa River, have high base flows and water of good quality.
Big Creek, near its mouth, has a dependable flow of about 50 cfs
(32 mgd). This figure is based on the streamflow of Big Creek basin
below the reservoir. However, most of this drainage area isin
Alabama where water-supply developments can be made without
compliance with Mississippi water law. Most of Jackson and Franklin
Creek drainage basins are also in Alabama. Water rights to 3 cfs
(2 mgd) from Franklin Creek have been granted by the Mississippi
Board of Water Commissioners.
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Big Cedar, Indian, White, and Big Creeks, tributaries to Pascagoula
River from the east, are potential sources of dependable water supplies.
A dependable supply of about 25 cfs (16 mgd), without storage, can
be obtained from Big Cedar Creek near its mouth.

Big Black and Red Creeks, tributaries to the Pascagoula from the
west, are potential sources for fairly large supplies. During periods
of low flow, Big Black Creek at State Highway 57 has a dependable
flow of about 70 cfs (45 mgd), about the same as Escatawpa River
near Hurley. Red Creek at Vestry has a dependable discharge of
about 50 cfs (32 mgd). Bluff Creek near Vancleave has a dependable
flow of about 3 cfs (2 mgd).

Any of these tributary streams could be developed to the extent
of the dependable flow of the stream if the use was largely noncon-
sumptive and the quality of the return water not greatly impaired.

QUALITY

Quality of water is an important factor in consideration of a potential
water supply. In general, most industries require clear water that
has a low and fairly uniform dissolved-solids content and hardness
(American Water Works Association, Inc., 1950). Under natural
conditions, surface waters in the area above the zones of salt-water
intrusion are low in dissolved solids, and the chemical constituents
remain fairly constant at all rates of streamflow. The dissolved-
solids content of water in Pascagoula River and Red Creek is increased
at times by addition to the streams of oil-field brine, which causes a
wide variation in the day-to-day quality. Off-channel storage of
Pascagoula River or Red Creek water would tend to even out the
daily variations in quality.

As a result of drainage from swampy areas, waters in most of the
tributary streams have high color and, in some instances, a low pH
value. In order for most of these waters to meet the general require-
raents for industrial-process water, treatment would be necessary to
remove color and suspended materials and to adjust the pH.

If any of the tributary streams in the area were impounded in a
reservoir, the effect of storage probably would be minor. Impound-
ment probably would affect the organic material and the temperature
of the water more than the concentrations of the major chemical
constituents. The larger particles of organic material would tend to
settle from the upper stratum and accumulate in the deeper parts of the
reservoir. Decomposition of the material might cause increases in
concentrations of some of the minor constituents in the deeper parts
of the reservoir. Impoundment would tend to make the water tempera-
ture more uniform.
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GROUND WATER
PASCAGOULA-MOSS POINT AREA

Most of the water pumped from wells in this area is derived from the
Graham Ferry Formation from depths less than 400 feet. The
remainder of the ground-water supply is derived from the Citronelle
Formation at depths of 200 feet or less and from the Pascagoula
Formation at depths of 650 feet and 800 to 900 feet. These zones
seem to be more consistent than others in their development. Owing
to the lenticularity of the sands of the Pascagoula, it is difficult or
impossible to predict their presence over broad areas. The 800-foot
sand at Pascagoula is shaly east of the city and in the Kreole area, and
the probability of developing a large water supply from the aquifer is
not promising in that area. The 800-foot aquifers at Moss Point and
at Pascagoula are made up of lenses. Where these aquifers are present
the transmissibility is high and yields of 500 to 1,000 gpm can be
expected. The 1958 yield of 3 mgd can be doubled by lowering the
water level from the 1958-1960 level of 20 feet to 100 feet below the
surface. In earlier years the yields of flowing wells were 300 to 500
gpm and the waste was considerable. Widespread lowering of the
piezometric surface will prevent this continued waste of water.

Most test holes drilled in the area have stopped at depths of 1,000
to 1,100 feet. Fresh water can be obtained to a depth of 1,600 feet,
although the water is moderately mineralized (550 ppm chloride).
Wells have been successfully completed at depths of 1,300 to 1,400 feet
at Orange Grove School east of Kreole and north of Gautier, and the
water is satisfactory for many uses. The areal extent and depth of
the sands should be located by test drilling. Sufficient information is
lacking to delineate areas where the sands may occur.

The 650-foot sand, which supplies water to the subdivisions in the
eastern part of Pascagoula, is limited in its development to about 1
square mile. It is a fine-grained sand that yields from 50 to 100 gpm
and cannot be expected to yield large supplies of water.

The most promising aquifers for future development are the Graham
Ferry and Citronelle Formations. Although the industrial develop-
ment in 1957-58 has caused the water level in the Graham Ferry
Formation to decline in the area of concentrated pumping, the rate of
decline will diminish. Additional pumping demands will accelerate
the lowering of the peizometric surface.

New developments can be made on the flanks of the drawdown cone
east of the industrial sites. In the north end of the Bayou Casotte
industrial area the sand of the Graham Ferry is thin and shaly.
Additional test drilling in this area may prove that the shaly zone is
not extensive. Although this sand is apparently shaly along a line
drawn between wells P142 and Q117, wells completed in it northeast
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of Pascagoula along U.S. Highway 90, in Kreole, and in Orange Grove
indicate that the shaly area is not extensive.

Additional development of water from the aquifer, preferably located
away from centers of pumpage, is feasible. It is estimated that 3 mgd
of water is flowing across the zero contour line from the north into
the drawdown cone encompassing the Bayou Casotte-Pascagoula area
to replace a part of the water pumped in that area. An increase in the
draft on the aquifer will lower water levels and cause a steepening of
the hydraulic gradient with a proportional increase in the flow of
water into the drawdown cone. The contribution of ground water
from the northwest to the drawdown cone is larger than that from the
east, owing to the higher transmissibility of the aquifer in the western
part of Pascagoula.

Serious salt-water encroachment is not likely to develop in the
Graham Ferry Formation because of the overlying clay aquiclude
that is present in most of the area. The chloride content of the water
has not increased since 1939 when the municipal wells were constructed
on Communy Street.

The aquifer in the Citronelle Formation has a moderately high trans-
missibility in the Bayou Casotte area, which makes it an important
source of water for future development. A draft of 5,000 gpm (7 mgd)
eventually would cause considerable lowering of the piezometric
surface (fig. 30). Injection of water into the formation would prevent
excessive lowering of the piezometric surface and the eventual salt
contamination of water supplies. The movement of water in the
Citronelle Formation is very slow in the vicinity of Pascagoula owing
to the small hydraulic gradient. If a well field were established having
a production rate of 5,000 gpm, the piezometric surface would be
lowered in accordance with the graph, figzure 30. To determine the
velocity at which water would move in the aquifer and the lapse of
time before saline water would contaminate wells in Pascagoula, it
is necessary to know the permeability, porosity, and hydraulic gradient
of the aquifer.

The following formula may be used in estimating the velocity of
ground water moving through the aquifer:

y=PL
P
where

V=average velocity in feet per day,
P=permeability in cubic feet per day per square foot,
I=hydraulic gradient expressed as a decimal fraction,
p=porosity expressed as a decimal fraction.
The permeability of the aquifer, determined from the pumping test,
is 450 gpd per sq ft or 450/7.5=60 cu ft per day persq ft. The average
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hydraulic gradient between points 1,000 and 20,000 feet from the
center of the well field is 77/19,000=0.004 (fig. 30). The porosity of
the water-bearing material is unknown, but a value of 0.30 is assumed
to be reasonable. Substituting the values on the above formula the
velocity may be obtained:

60<0. 004
0. 30

If the physical characteristics of the aquifer are uniform, saline
water beneath the Pascagoula River would move toward the center of
pumping at the rate of 1 mile in 18 years.

The quality of water in the Pascagoula and Graham Ferry Forma-
tions is similar. Water from both formations is of a sodium bicar-
bonate type, soft, slightly colored, and low in iron content. The
chloride and dissolved-solids content of water in the Pascagoula Forma-
tion are higher and more variable than that in the Graham Ferry
Formation. The low iron content and the softness of the water,
together with the even temperature of this water, are desirable features
for an industrial supply, but the color may be undesirable in some
manufacturing processes.

Water from the Citronelle Formation usually has a lower dissolved-
solids content than water from the deeper formations. The iron
content and hardness are higher than in the deeper formations.
Locally, the water may be very hard. Water from this formation
probably would require treatment for hardness and iron before it
would be suitable for most industrial processing. Although the
chloride content of the water is low to moderate, the opportunity is
present for saline water to encroach from the lower reaches of the
Pascagoula and Escatawpa Rivers, where the quality of water in this
aquifer is affected by the diffusion of saline water from the streams
into the sand. Water of higher mineralization also may move up
the dip.

V= =0. 8 foot per day

OCEAN SPRINGS~GAUTIER AREA

The Graham Ferry and Citronelle Formations and the 800- and
500-foot sands in the Pascagoula Formation are the four chief aquifers
in the Ocean Springs-Gautier area. Only the 500-foot sand is used
to any great extent. The other aquifers are used for domestic supplies
and for a few small industrial supplies.

The average decline in water level in wells completed in the sands of
the Pascagoula at 800- to 900-foot depth is 1 foot per year for the 70
years, 1891 t0 1960. The average decline in water level in the 500-foot
sand is 0.8 foot per year; this decline is based on measurements made
as early as 1885 and at various times from then until 1961.

Although 70 percent of the water for municipal use is pumped from
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the 500-foot sand, the water level has declined at a slower rate than
in the 800-foot sand. Both sands are excellent aquifers containing
water of low mineral content. If the use of water from the aquifers
continues at the present rate, water levels will decline at a progres-
sively slower rate.

More than 230 wells are flowing in Jackson County. It is estimated
that 3 mgd of ground water is going to waste. This waste is equal to
one-third of the total ground water pumped in Jackson and George
Counties for municipal and industrial uses. Because of the decline in
pressure, the high flows that were reported in the early 1900’s have
diminished considerably; this decline aids in the conservation of the
remaining supply. The area in which a flowing well can be drilled
today is about the same as it was in 1940 (Brown and others, 1944, pl.
2) because deeper aquifers in the Pascagoula Formation sustain little
draft compared with the 500- and 800-foot sands. 1n some areas it is
impossible to obtain a flowing well in the 500- and 800-foot sands, but
it is possible vo obtain a flowing well at depths of 1,000 to 1,600 feet
almost anywhere in the artesian area (pl. 11).

The Graham Ferry Formation is little used west of Pascagoula and
is available for addivional development in the area between Gautier
and Fontainebleau. Although the piezometric surface reflects the
influence of pumpage in Pascagoula, it is generally not more than 15
feet below sea level in Gautier and gradually rises to sea level 1%
miles to the northwest. The aquifer is more than 100 feet thick in
places, and its transmissibility is probably as high as it is in the
western part of Pascagoula. Additional pumping from this aquifer
in the Gautier area would cause water levels in the western part of
Pascagoula to decline.

The Citronelle Formatiou is subject to salt-water encroachment in
this area as it is in Pascagoula. The Citronelle consists of lenses of
sand separated by clay and is not as thick and consistent as it is in
Bayou Casotte. However, it should be possible to develop supplies
of several hundred gallons per minute.

Little is known about the sands of the Pascagoula Formation
below the 800-foot sand. About a dozen wells have been drilled to
depths of around 1,200 feet in the Ocean Springs area. Comparison
of sample, electrical, and drillers’ logs from the area suggest that the
sands should be capable of yields of several hundred gallons per
minute per well. The water is more mineralized than that in the
shallower aquifers. ‘

WADE-ESCATAWPA AREA

A large ground-water supply is available on the terrace extending
from Wade to Escatawpa. Here the Graham Ferry Formation wedges
out beneath the overlying gravelly deposits and is considered unim-
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portant as a source of water except for domestic supplies. Sand in
the underlying Pascagoula Formation, as elsewhere, is medium to
coarse and lenticular, and wells are completed at depths ranging from
250 to 1,200 feet. The north-south cross section (pl. 9) does not
reveal a consistent aquifer in the Pascagoula, although many sand
deposits of small extent exist. The best section known is east of
Wade in well C16 where 150 feet of sand and fine gravel occurs in
two lenses about midway in the Pascagoula Formation. Doubtless
other lenses similar to these occur in which wells yielding 1,000 gpm
can be made.

The chief aquifer of the area is the terrace deposits that extend
from the surface to a depth ranging from 60 to 100 feet. It is esti-
mated that about 1 million acre-feet of water is in storage in the
aquifer and that, under existing conditions, ground water is discharg-
ing from the aquifer toward Mississippi Sound and Pascagoula River
at the rate of 3 to 5 mgd. Sand occurs at or near the surface of the
ground, and the water table stands from 4 to 15 feet below land sur-
face. The saturated thickness of the aquifer ranges from 60 feet
near Wade to 100 feet at Escatawpa and averages about 80 feet.

Because a large part of the terrace lies north of the Pascagoula
River division at mile 17.7, the opportunity for salt-water encroach-
ment in the aquifer is remote. Wells capable of yielding from 200 to
500 gpm can be drilled in many parts of the area. A development of
several million gallons a day would lower the water table and increase
the hydraulic gradient and the flow of water to the center of pumping.

Should large supplies of water be developed in the future, the
aquifer can be recharged through spreading pits or wells. Several
sources of water, including precipitation on the area and diversion
from Big Cedar Creek, are available for artificially recharging the
aquifer. In many recharging operations, spreading pits of varying
size, number, and depth are used as a means of inducing infiltration,
the type of pit depending mostly on the geological nature of the surface
and the aquifer and depth to water.

THE UPLANDS

The hills of George and northern Jackson Counties compose the
uplands, which are covered in large part by the Citronelle Formation.
The Citronelle is the primary aquifer of the area because it serves as
the reservoir that sustains the base flow of the streams. The chief
artesian aquifers in the area are the lenticular sands in the Pascagoula
and Hattiesburg Formations. Most of the wells have been drilled for
domestic and farm supplies and are usually less than 100 feet deep.
Wells of greater depth are rare in most of the area. North of Ocean
Springs a dozen wells have been drilled to depths as much as 1,400
feet to obtain artesian water. The municipal wells at Lucedale are
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1,000 feet deep. Examination of sample cuttings and electrical logs
reveals that throughout the area one or more sands capable of yields
of several hundred gallons per minute per well are generally present.
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