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SUMMARY

The geohydrologic conditions at Eglin Air Force Base (EAFB), Florida,
and the Naval Construction Battalion Center (NCBC) at Gulfport, Mississippi,
have been evaluated to assess the potential impacts on the groundwater
resulting from the contamination of surficial soils by storage and handling
of military herbicides. The results from this evaluation are used to
determine the likelihood of herbicide residues being transported in the
shallow groundwater. A trace contaminant of one of the herbicides,
2,3,7,8-tetrachlorodibenzo-p-dioxin, is the constituent of greatest
concern. A monitoring program is proposed for each of the military sites.

Both sites are situated in the Gulf of Mexico Coastal Plain. The
subsurface sediments are composed of quartz sand, clay, gravel, and silt.

The permeable sands form aquifers, and the impermeable clays form aquicludes
or confining beds. Horizontal permeabilities are much higher than vertical

permeabilities. The water in the shallow aquifer at each site is soft and
relatively unmineralized because of insoluble quartz sand and high recharge
from rainfall. Low pH and high iron concentrations are caused by the low
buffering capacity of the aquifer materials.

The monitoring systems proposed at each site will have one well
upgradient and several wells downgradient. A monitoring plan for nearby
surface waters is also recommended. The wells will provide the opportunity
to sample the shallow groundwater flow system.

The possibility of dioxin contaminants migrating to deeper zones is
extremely remote at either site. However, deeper monitoring wells should be
considered if significant dioxin concentrations are found in the shallow
groundwater system. The monitoring program will generate data that can be
used to evaluate potential migration of contaminants.
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PREFACE

All reports were prepared for the Air Force Engineering and
Services Center, Engineering and Services Laboratory, Tyndall
AFB Florida, under Job Order Number (JON) 1900 2067. The
principal contractor, EG&G Idaho Inc., is a captive contractor of
the Department of Energy, Idaho National Engineering Laboratory.

This report is one of four reports encompassing the Air
Force Soil Sampling and Analysis Program. The goal of this
program was to define the horizontal and vertical extent of
Herbicide Orange derived 2,3,7,8-tetrachlorodibenzo-p-dioxin at
the three primary herbicide sites. In addition, an initial
groundwater evaluation was prepared for the sites at the Naval
Construction Battalion Center, Gulfport, Mississippi and Eglin
Air Force Base, Florida.

This report has been reviewed by the Public Affairs Office
(PA) and is releasable to the National Technical Information
Service., At NTIS it will be available to the general public,
including foreign nationals.,

This technical report has been reviewed and is approved for
publication.
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ALBERT N. RHODES, 1Lt, USAF
Project Officer

e Gublba

THOMAS J. WALKER, Maj,
USAF, BSC

Chief, Environmental
Engineering Branch

BERT |E. BOYE USAF
Directdér, Engineerihg and
' Services Labor
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SECTION I
INTRODUCTION

A. OBJECTIVE

The purpose of this investigation is to use existing data to describe
the hydrogeological conditions at Eglin Air Force Base and the Naval
Battalion Center sites and then use this information to develop groundwater
monitoring programs to detect 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
and Herbicide Orange in the groundwater. The geohydrological data obtained
from the field program can be used to evaluate potential contaminant
movements and assess potential environmental impacts. The well=drilling
and monitoring results will help determine the need for additional

monitoring or cleanup activities at each site.
B. BACKGROUND

The areas discussed in this report include the south-central portion
of Eglin Air Force Base (EAFB), in Okaloosa County, between the cities of
Fort Walton Beach and Niceville in the western part of the Florida
Panhandle (Figure 1) and the Naval Construction Battalion Center (NCBC),
located within the city limits of Gulfport, Mississippi, in the extreme

southeastern portion of the state in Harrison County (Figure 2).

1. Regional Geologic Setting

EAFB and NCBC are situated in the Gulf of Mexico Coastal Plain,
which consists of unconsolidated sands, gravels, limestones, silts, and
clays of Cretaceous to Recent Age. The coastal plain covers Louisiana,
Mississippi, Florida, and the southern parts of Alabama, Georgia, and South
Carolina. The rocks of the coastal plain are younger than the Appalachian

Mountain complex and thicken in a southward direction.

According to Howe (Reference 1), "The Gulf Coast region of the

United States is the landward side of the most active geosyncline in North

America." '"The northern border of the Gulf of Mexico," Howe continues,
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drains the earth's second largest degradation tract. These
sediments have been concentrated along a narrow zone
paralleling the present shore, and, since the beginning of
the Eocene, have accumulated to a thickness which probably
exceeds 30,000 feet. o s ® The conclusion  appears
inescapable that the region of the present coastline has
been depressed under the weight of these deposits to almost
three times the present maximum depth of the Gulf of
Mexico. The major axis of the Gulf Coast geosyncline
approximately parallels the Louisiana coastline, but a
transverse structure, normally referred to as the
Mississippi Embayment, extends inland up the valley of the
Mississippi. The formations which make up the landward side
of the geosyncline are all wedge-shaped, thickening rapidly

from the outcrop gulfward.

EAFB and NCBC 1lie on the north flank of the Gulf Coast
geosyncline and east flank of the Mississippi Embayment. This results in
the southwestward. dip, characteristic of all formations in the area at

least as far down as the base of the Cretaceous deposits.

The subsurface geology of EAFB has more in common with that of
NCBC than it does with the geology of peninsula Florida to the eas.. Only
two peninsula Florida units are present at EAFB. EAFB ani NCBC have

geologic similarities that will be described in more detail

2. Previous Investigations

a. Western Florida Panhandle

Early studies provided a general view of the geology,
hydrology, and surface features of the western Florida panhandle. Marsh
’ .eference 4) completed the first detailed investigation of the geology of
vie wes «rn Florida panhandle. Some of his work included parts of EAFB.

Barraclough and Marsh (Reference 5) described the geologic and hydrologic



units in the area from the Choctawhatchee River to Mobile Bay, including
most of EAFB. They identified a series of aquifers and.aquicludes down to
the base of the freshwater. Their report provides documentation of a
decline of almost 100 feet in the Floridan aquifer at Fort Walton Beach,
Florida, from 1936 to 1960. The report depicts the spatial variations in

water quality within the Floridan aquifer.

The aquifers and aquitards of the westernmost portion of the
Florida Panhandle were identified and named by Musgrove et al.
(Reference 6). A water resources study by Musgrove et al. (Reference 7)
covered part of EAFB. Hydrologic data of the area are given in
Reference 8. Reference 9 discusses the relation of the Bucatunna Clay
Member to geology and groundwater of western Florida. Pascale

(Reference 10) prepared a report on the water resources of Walton County,

Florida.

The water resources of Okaloosa county were compiled by
Foster and Pascale (Reference 11) and by Trapp et al. (Reference 12).
These reports explain why water levels had declined so drastically in some
areas, provide information on other sources of water, and provide water
management alternatives. A detailed hydrologic investigation was completed
by Barr et al. (Reference 13) in 1981. This report evaluated various water
management techniques for meeting the future water needs of the area and
developed a mathematical model of the groundwater system. The shallow
stratigraphy of Okaloosa County and vicinity was prepared by Clark and
Schmidt (Reference 14). Reference 2 presents the hydrology of the

sand-and-gravel aquifer in southern Okaloosa and Walton Counties.

b. Southeastern Mississippi

The first detailed study of the Gulf Coastal area in
Mississippi was prepared by Brown et al. (Reference 15). This report
describes the geology and groundwater resources of the area and provides
information concerning the decline in yields of artesian wells and

estimated future groundwater supplies. Newcome, Shattles, and Humphreys



.Reference 3) published a report on water for the growing needs of Harrison
County. Their evaluation indicated little use of surface water resources,
but showed that groundwater withdrawals had resulted in average water-level
declines of 1 foot per year. They described freshwater aquifers to a depth

1/2 mile. Shows (Reference 16) reported on the water resources of
Mississippi. He described the various geologic formations and aquifers,
outlined the quality of groundwater, evaluated surface water resources, and
iiscussea future water development. Reference 17, a report on sources for
water suppl.»s in Mississippi, is a guide to the availability of freshwater
in the state, including surface and groundwater. Maps of each aquifer show
the areal extent, outcrop areas, thickness and elevation, permeability, and

water quality.

C. SCOPE

This report provides hydrogeologic characterization and monitoring
plans for two sites used to store and handle herbicides used by the Defense
Department. Of greatest concern 1is the presence of small amounts
>f 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) found as an impurity in
Herbicide Orange. Herbicide Orange consisted of a 50:50 mixture of
2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-trichlorophenoxyacetic
acid (2,4,5-T). The 2,4,5-T contained the TCDD impurities. During
previous and ongoing soil sampling programs, TCDD was found in

concentrations ranging up to about 1000 ppb in the site soils.



SECTION II
GEOHYDROLOGIC ENVIRONMENT OF EGLIN AFB

EAFB is located in the southern portion of Okaloosa, Walton, and Santa
Rosa Counties in the western Florida Panhandle. To the north, the area is
near the boundary of the Alabama-Florida state line; and to the south, the
base is bounded by the Gulf of Mexico. The principal city is Fort Walton

Beach, Florida.

EAFB covers approximately 750 square miles, one of the largest land
areas of any military facility in the United States. The 1land is
relatively flat to gently rolling terrain. The drainage is southward or
westward, and streams flow into Choctawhatchee or East Bay. Most of EAFB
is in the Western Highlands, and the portion near the Gulf of Mexico and
the bay is in the Coastal Lowlands. The Western Highlands are divided into
sandhills and four other physiographic divisions (Reference 12). Most of
EAFB is included in the sandhills. The sandhills are generally 50 feet or
more above sea level and have a low drainage density because much of the
rainfall infiltrates into the highly permeable sands. The streams that
drain these hills have high base flow and occupy deep, narrow ravines.
These narrow ravines have formed by headward erosion of seeps or water
table springs. The heads of these streams are called "steepheads" because

of their steep walls and semicircular shape.

A. CLIMATE

At EAFB, the climate is humid and semitropical. Summers are warm,
with temperatures averaging about 80°F; winds from the gulf usually make
most nights comfortably cool. Winters are mild, averaging about 54°F, with
occasional frost from November through February. The average annual
temperature at nearby Pensacola is 68°F. The temperature extremes at
Pensacola have ranged from a high of 103°F to a low of 7°F. On the
average, about 275 frost-free days occur annually. Winter temperatures can

be about 10°F higher along the coast than in the northern portion of EAFB,



The average annual rainfall at the National Weather Service station at
Niceville, Florida (near the center of EAFB), is 64.1 inches, as shown in
Figure 3. From 1941 to 1979, the highest annual rainfall was 95 inches in
1975, and the lowest was 31 inches in 1954. Rainfall is the source of all

esh groundwater at EAFB.

Ti.e pattern of seasonal distribution is the same over EAFB. The
wettest ,eriods occur in early spring and in summer; and the driest, in
October anc November. The monthly average rainfall ranges from 3.5 inches
in October to 8.8 inches in July. However, the amount of rainfall can vary
for the same month in different years. During July, the precipitation has
ranged from less than 3 inches to more than 23 inches. Intense storms may

2 .ther be a result of convective type of weather systems or from hurricanes.
B. GEOLOGY

A thick sequence of sand, gravel, and clay extends from the surface to
as much as 800 feet deep at EAFB. Below this sequence, marine limestones,
clay beds, and shale beds are found. EAFB is on the extreme eastern flank
of the Gulf of Mexico Sedimentary Basin. Many of the formations dip to the

southwest as a result of this feature.

The geological formations at EAFB are given in Table 1. Ffrom the
surface downward, the formations start with the Pleistocene terrace
deposits and Citronelle Formation (10 to 200 feet thick). Below 1is the
Lower Member of the Pensacola Clay (50 to 500 feet thick). Next are the
T:ruce Creek limestone, the Tampa Formation, and the Chickasawhay Limestone
(100 to 540 feet thick). Beneath these limestones is the Bucatunna Clay
Member of the Byram Formation (40 to 120 feet thick). The Ocala Group lies
>elow the Bucatunna followed by the Lisbon equivalent, the Tallahatta
Formation, and the Hatchetigbee Formation. The Ocala Group, Lisbon

equivalent, and the Tallahatta Formation are 300 to 1500 feet thick.

Th- £formations discussed above are described in detail in several

publications 1listed in Section I. Formations from the land surface
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TABLE 1. ..OLOGIC UNITS IN SOUTHERN OKALOOSA AND WAL1 N COUNTies sNiy THEIR
HYDROGEOLOGIC EQUIVALENTS.
Thickness Hydrogeologic
Epoch Stage Formation (ft) Lithologic Description Unit Hydrologic Characteristics
Recent to Piiocene 50-250 Unconsolidated, white to light gray  Sand-and-Giavel = Water mainly unconfined. In
Pliocene Recent Sands fine to medium quartz sand. Aquifer Fort Walton Beach, inciudes
Accessories include heavy minerals surficial unconfined unit and
and phosphate. lower leaky artesian unit. Yields
range from less than 20 gal/min
Citronelle 50-250 Predominantly non-marine quartz in coastal lowlands of Walton
Formation sands with thin stringers of clay or County to 1000 gal/min in
gravel discontinuous over short uplands of western Okaloosa
distances. County. Tapped by shallow
wells for domestic supply a few
Miocene 50-200 Found only along the western larger capacity wells for
Coarse portion of Okaloosa County, the irrigation. Currently not used by
Clastics Miocene coarse clastics are municipal systems for public
comprised of poorly consolidated consumption.
sand, gravel, clay and shell beds.
Upper Chocta- Intracoastal 0-360 Lithologically, the Intracoastal is Pensacola Clay Restricts vertical movement of
Miocene  whatchee made up of a poorly consolidated, Confining Bed water because of thickness and
sandy, clayey, microfossiliferous comparatively low permeability.
limestone. In the area of investigation
grades laterally from dense
Ul_mer to  Alum Alum Bluff 0-300 The Alum Bluff occurs as a mixture clay and sandy clay in western
Mgddle Bluff Group of sands, clays and shell beds in part to clayey, silty sand in the
Miocene (Northern relatively well sorted thin beds. The eastern part. Not a source of
Portion Oniy) matrix material is commonly clay or water.
carbonate cement.
Pensacola 0-190 In the western half of the study
Clay ai=a, the Pensacola Clay interfingers

wih the Intercoastal Formation and
Alum Bluff Group. The Pensacola is
predominantly a bluish gray to olive
gray, dense, silty clay.
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TABLE 1. GEOLOGIC UNITS IN SOUTHERN OKALOOSA AND WALTON COUNTIES AND THEIR
HYDROGEOLOGIC EQUIVALENTS (CONCLUDED).
Thickness Hydrogeologic
Epoch Stage Formation (ft) Lithologic Description Unit Hydrologic Characteristics
Lower Tampa Bruce Creek  20-220 Light gray to white in appearance, Upper Principal source of water in
Miocene Limestone the Bruce Creek is moderately Limestone of the area of investigation. Yields
indurated, granular, and occurs as a Floridan Aquifer large quantities of fresh water
clastic limestone. Accessories under confined conditions.
include a sand fraction which Yields range from 250 gal/min
increases north and east. to over 1000 gal/min. Sustained
yields are generally lowest
Tampa Stage 30-140 Lithologically, similar to immediately adjacent to the
Limestones Chickasawhay Limestones but coast in Okaloosa County.
slightly less dolomitic. Silt and clay Individual zones vary greatly in
content increase towards the top of permeability and vertical
tHe formation. hydraulic connection. Contains
over 250 ppm chiorides in parts
Upper Vicksburg Chickasawhay 30-260 Primarily a tan sucrosic dolomite of southeastern Walton and
Oligocene but may also occur as a cream to southwestern Okaloosa
buff fossiliferous limestone. counties.
Middle to Bucatunna 0-130 The Bucatunna is a medium to Bucatunna Clay = Where present, restricts
Lower Clay-Member dusky, yellowish-brown calcareous Confining Bed vertical movement of water
Oligocene Byram clay. Accessories include up to between overlying and
Formation 10 percent quartz sand and up to 1 underlying hydrogeologic units.
percent phosphate. The top contact Generally present in coastal
of the Bucatunna Clay is sharp and Walton and Okaloosa counties
well defined from the overlying but absent in northern parts of
limestone. area.
Upper Jackson Ocala 165-600 A white to light gray, chalky, Lower Limestone Comprises a separate hydro-
Eocene Group fossiliferous relatively pure calcium of the Floridan geologic unit in coastal
Limestones carbonate limestone. Occasionally  Aquifer Waliton and Okaloosa counties.
the limestone is interlayered with In other parts, cannot be
thin streaks of light brown to tan hydrologically distinguished
dolomite layers. from upper limestone aquifer.
Middle Claiborne Lisbon/ 345-500 Massive shaly to chalky limestones, Claiborne Predominantly impermeable
Eocene Tallahatta 170-300 often dark gray to brownish gray to  Confining Unit strata. Comprises the base of
Formations cream in color. Thin shaly beds the groundwater flow system.

predominate in the more calcareous
portions.



to the top of the Hatchetigbee Formation include almost all of the beds

containing freshwater in the area and a few containing saltwater (Table 1).
C. AQUIFERS AND AQUICLUDES

The geologic formations have been grouped into six geohydrologic units
based ¢n lithology and permeability. From the land surface downward, they
are the .and-and-gravel aquifer, the Pensacola Clay (aquitard), the upper
limestone o.” the Floridan aquifer, the Bucatunna Clay (aquitard), the lower
limestone of the Floridan aquifer, and the wunderlying shales and clays
(aquitard) (Figure 4). The three aquifers contain the available freshwater
in the area, and the aquitards greatly retard the vertical movement of
wvater between aquifers. These geohydrologic units were first identified by
Musgrove et al. (Reference 6) and were extended into Okaloosa and Walton

Counties by Barraclough and Marsh (Reference 5) (Figure 5).
1. Sand-and-Gravel Aquifer

The sand-and-gravel aquifer consists predominantly of quartz
sand, ranging from white to light brown. The grains range from very fine
to very coarse. The sand grades laterally into lenses of gravel. Clay and

sandy clay are found in the aquifer.

The sand-and-gravel aquifer materials were deposited in an
environment similar to that of the present Mississippi River delta. This
is indicated by the rapid changes in lithology over short distances, the
shsence of fossils, and the abundance of sand and gravel. The sediments
were probably deposited by a network of braided streams across the surface
of the delta. In this environment, clay was deposited in quiet pools or
abandoned channels while gravel was being laid down by swiftly flowing

streams nearby.

In places, the sand-and-gravel aquifer has a high average

rosit and permeability and is an excellent reservoir for groundwater.

12



Depth, in feet below land surface

Age Descriptive Sample Log Graphid| Resistivity in Ohm-Meters

T T® Wi - ¥  ISectlon0 20 40 60 80 100 120 140
mEE STy i ; T T T T
Sand, light-brown, medium ) ‘
100 — to very coarse N
DO
200 & Sand, light-brown, very S0
§ coarse, and gravel e Sand-and-gravel
= i
300 % Sand, light gray, fine to
& very coarse, mollusk sheils
400- © [——Clay, sandy Aquifer
S Sand, very coarse, shells,
2 and gravel
500 § Mollusk shells with some B laration
s fine to very coarse sand P
600
W Gravel with shells and > Relatively permeable
medium to very coarse sand |- ~ < beds
700 { [ Clay,gray _______ —t=r=z —— '
Gravel and shell fragments y beedas________ve ¥ Wipamens e
800
J Clay, gray, sandy
900 - _—
o | Gravel, very coarse sand, _
c shells
18 Aquiclude
10004 8 (Absent In northern haif of
= Clay, dark-gray, sandy Escambia
1100 and Santa Rosa Counties)
12004 o | Limestone, grayish white, —S===
@ & | and dark gray clay TToT
8 8 [ Limestone, light gray, m Floridan Aquifer
13004 83 | fossils rare i (Upper limestone)
O £ [—Sand, medium to very =5
9 AOO-J @ § [—coarse, and fine gravel et
@y | Limestone, grayish white, IO
c
& | some foraminifers in lower
] half
1500 @
2@ | Ciay, dark gray, a little Aquiclude
1600 2 S, pyrite and carbonaceous (Bucatunna Clay Member of
= 8 material Byram Formation)
1700
1300J Y
g
1900 3 Limestone, white, abundant Floridan Aquifer
18 foraminifers {Lower limestone)
[
20004 3
2100 —
o @
2200 5 €| Clay, gray, with
B 8| foraminifers Aquiclude
=0
2300

Figure 4. Hydrogeologic Sequence in Western Florida (Reference 5).
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Figure 5. Geologic Cross Section A-A' along the Gulf Coast of Western
Florida (Reference 5).



The aquifer consists principally of relatively insoluble quartz grains,
which accounts for the remarkably low mineral content and softness of the
water. Groundwater in the sand-and-gravel aquifer is derived almost

entirely from rain falling in the area (Reference 7).

In the EAFB area, the sand-and-gravel aquifer has been divided
into three hydrologic zones (Reference 13) based on differences in
lithology and hydraulic properties. The zones are (1) a surficial water
table zone, (2) an intermediate zone of relatively low permeability, and
(3) a main producing zone (Figure 6). The surficial unit contains
fine-to-medium, moderately well-sorted sand. The intermediate wunit
consists of silty clay, poorly sorted fine to medium sand, and fine-to-very
coarse, poorly sorted clayey sand. The lower unit of medium—-to-coarse sand
with some gravel is the main producing zone of the aquifer. Some wells
yield over 300 gallons per minute (gpm) of good quality water. One or two

of these zones may be absent where the aquifer is thin.

Water in the sand-and-gravel aquifer is unconfined. 1In places,
the intermediate zone confines the water in the main producing zone, and
the water is under slight artesian pressure. Some perched lakes and water
tables occur where the surficial sands are underlain at shallow depths by

clays and silts that restrict the downward movement of water to the
regional water table (Reference 13).

The sand-and-gravel aquifer in Southern Okaloosa County is made
up of sediments that range in age from late Miocene to Recent (about
10 million years ago to the present). Its thickness at EAFB ranges from
about 10 to more than 200 feet. Figure 7 shows the thickness of the

aquifer.

The permeability of the zones varies from place to place because
of the variability of the sediments. The grain sizes of the sediments
increase to the west, and the clay content generally decreases. The

sand-and-gravel aquifer is anisotropic and heterogeneous.

15



Sand, white to light-gray to light-brown, fine to medium,
subrounded to angular, moderately sorted.

Clay, dark-gray, slightly silty, contains shell fragments
and some organic material.

Sand, white to light-orange, very fine to medium, subrounded
to angular, poorly sorted, upper section contains large amounts
of greenish clay with abundant shell fragments and organic
material.

Sand, white to light-brown, fine to medium, subrounded,
moderately sorted, in places contains slight to moderate amounts
of greenish-gray clay with shell fragments and organic material.

1: to angular, poorly sorted, contains moderate to large amounts of
§ dark-gray clay with organic material.

Sand, white to light-orange, very fine to very coarse, subrounded
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Figure

Sand, white to light-orange to light-brown, medium t~ -darse
with some fine gravel, subrounded to subangular moderately to
well sorted; this zone is capable of yielding over 300 gal/min of
generally high-quality (the exceptions being a low pH and a
possible high total iron concentration) waier.

Clayey sand, dark-gray to dark-bluish-green, fine to coarse,

poorly sorted, contains shell fragments and organic material.

Clay, dark-gray to bluish-green, contains interbedded clayey
sand and gravel, varying amounts of silt, and some shell
fragments in upper part.

Generalized Stratigraphic Description of the Sand-and-Gravel
Aguifer and the Uppermost Part of the Underlying Pensacola Clay
Confining Bed, Fort Walton Beach Area (Reference 2).
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Using pump tests, Hayes and Barr (Reference 2) defined the
aydraulic properties of the main producing zone of the sand-and-gravel
aquifer in seven areas in and near Fort Walton Beach in 1983. The wells
tested were screened for 20 or 40 feet and pumped at 50 to 382 gpm. The
-esulting transmissivities ranged from 700 to 6200 ft2/day and averaged
alzzut 2500 ftzlday. The hydraulic conductivity ranges from about 20 to
300 ft/day and averages about 80 ft/day. The high values reflect the

tighly p.rmeable nature of the sand-and-gravel aquifer materials.

Hayc-s and Barr concluded that wells located in the aquifer to the
aorth and northwest of Fort Walton Beach could produce from 500 to more
than 1000 gpm. Where the sand—and-gravel aquifer is less than 50 feet
rhick and is composed of fine-to-medium sand, yields of 25 to 100 gpm may

be expected.

The generalized potentiometric surface of the main producing zone
of the sand-and-gravel aquifer is shown in Figure 8. The contours show
that water in the main producing zone generally moves from north to south

and discharges toward the Gulf of Mexico and Choctawhatchee Bay.

Data on groundwater recharge to the sand-and-gravel aquifer are
not readily available. A range of 15 to 20 inches per year provides a

rough estimate.
2. Pensacola Clay (Aquiclude)

Relatively impermeable sediments underlie the sand-and-gravel
aquifer in most of southern Okaloosa County. Marsh (Reference 13) named
all sediments below the sand-and-gravel aquifer to the marine limestones,
the Pensacola Clay. The Pensacola Clay is composed of a highly impermeable
sequence of clay, sandy clay, silty clay, clayey sand, and clayey
limestone. This bed restricts movement of water betweeu the
<:md-and-gravel aquifer and the upper limestone of the Floridan aquifer

‘Zeferer: 3. The Pensacola Clay also restricts saltwater from

18
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Gnoctawhatchee Bay and the Gulf of Mexico from moving into the upper

limestone of the Floridan aquifer.

At EAFB, the altitude of the top of the Pensacola Clay ranges
*-om about 140 feet above sea level to 140 feet below sea level, as shown
in Figure 9. Generally, the top of the Pensacola Clay dips about 17 feet

per miie to the southwest.

» ‘'gure 10 shows the thickness of the Pensacola Clay. The bed
ranges from less than 50 feet thick to almost 500 feet thick. The

thickness of the bed increases to the west.

The age of the Pensacola Clay was given as Late Miocene
(reference 5). This would result in an approximate age of 10 to 15 milliom

years.

3. Upper Limestone of the Floridan Aquifer

The wupper limestone of the Floridan aquifer (Figure 4)
constitutes the principal aquifer for most water uses at EAFB and the
surrounding area. It consists of an extensive sequence of interbedded
limestones and dolomites. The aquifer includes the Bruce Creek limestone,

the Tampa Formation, and the Chickasawhay limestone.

The upper limestone is composed of light gray to brown dolomitic
limestone and some dolomite that has a distinctive spongy texture. It
c-ntains abundant shell fragments of clams, snails, and microscopic
animals. In much of the area, the upper limestone contains layers of green
and brown clay. The presence of clay in the upper limestone reduces both
the permeability and the effective porosity of the aquifer. The reduced
permeability due to clay deposits may provide an explanation for the

substantial decline of water in the upper limestone (Reference 5).

Tae upper limestone of the Floridan aquifer is recharged directly

by rain where the limestone lies at the surface of the ground. The upper

20
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limestone is recharged by percolation from the sand-and-gravel aquifer
where the sand-and-gravel aquifer overlies it. Water is discharged from
the Floridan aquifer by seepage of water into the gulf, pumping from wells,

and upward leakage.

Figure 11 shows the altitude of the top of the upper limestone of
the Floridan aquifer. The surface ranges from 50 feet above sea level in
the east to more than 600 feet below sea level near the Okaloosa and Santa
Rosa county line. The top of the aquifer has an average apparent dip of

about 20 feet/mile from east to west.
4, Bucatunna Clay (Aquiclude)

The upper limestone of the Floridan aquifer is separated from the
lower limestone by the Bucatunna Clay Member of the Byram Formation
(Reference 9). The clay bed is uniform in thickness and regionally
extensive. The Bucatunna underlies westernmost Florida and parts of
Alabama, Mississippi, and Louisiana. The Bucatunna is more than 200 feet

thick in Santa Rosa County and pinches out in southern Walton County.

The Bucatunna consists of soft gray silty-to-sandy clay. It
contains a variety of fossils. The bed dips south-southwest at about
25 feet/mile.

The Bucatunna Clay serves as an effective confining bed to retard
migration of water from the lower limestone upward to the upper limestone
of the Floridan aquifer. The major producing wells at EAFB have not

increased in salinity.

5. Lower Limestone of the Floridan Aquifer

The lower limestone of the Floridan aquifer is more variable in
thickness than the upper limestone. The lower limestone is as much as
1500 feet thick in Walton County and less than 300 feet thick at Mobile

Bay. It is one of the few formations that thins downdip (to the west).
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The lower limestone is white to grayish cream and is soft and
chalky. It contains a variety of corals, clams, and other shells. Some

lenses of gray shale, siltstone, and clay are found in the lower limestone.

6. Clay and Shale (Aquiclude)

Beneath the lower limestone of the Floridan aquifer, dense beds
of clay and shale are found. These beds are of low permeability and
generally define the base of the freshwater. Little water would migrate
through these clays and shales. They are of Middle Eocene Age (about

50 million years old).

D. WATER LEVEL DECLINES

Limited quantities of water have been withdrawn through wells from the
sand-and-gravel aquifer. The aquifer furnishes water for domestic uses and
a few larger supplies. Because of the limited use of water, changes in the

water level are generally caused by seasonal fluctuations.

Greatly increased use of water from the upper limestone of the
Floridan aquifer has caused drastic water level declines in the area around
Fort Walton Beach. Barraclough and Marsh (Reference 5) identified a
decline of 95 feet between 1936 and 1957. The decline has continued as
pumpage has increased. In southern Okaloosa County, about 1.5 million
gallons of water per day (mgd) were pumped from the upper limestone in
1940. By 1978, this <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>