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SUMMARY

The gechydrologic 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 evazluation are used to
determine the likelihood of herbicide residues being transported in the
shallow groundwater. A trace contaminant of ome 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
suosurface 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 tc 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
M Air Force Base, Florida.

This report has bee. 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 feor

publication,
ALBERT N, RHODES, 1Lt, USAF ROBERT F, OLFENBé&TEL, Lt Col,
Project Officer USAF, B¥C

nvironics Division

Yo,

BERT |E. BOYEK, 1, USAF
Directér, Engineerihg and
Services Labor

Sl il

THOMAS J. WALKER, Maj,
USAF, BSC

Chief, Environmental
Engineering Branch
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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
wonitoring 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 Harrisom 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,
Missigsippi, Florida, and the southern parts of Alabawma, 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 wost active geosyncline in North

Auwerica." "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. v e e 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 waximum depth of the Gulf of
Mexico. The major axis .. the Gulf Coast geosyncline
approximately parallels the Louisiana coastline, but a
transverse structure, mnormally 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.

SR

EAFB and NCBC 1lie on the north flank of the Gulf Coast

J';n., iy

-

">
a s

-

geosyncline and east flank of the Mississippi Embayment. This results in

e o)
e %

the southwestward dip, characteristic of all formations in the area at

Y

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

The subsurface geology of EAFR has wore in common with that of
NCBC than it does with the geology of peninsula Florida to the east. Ounly
two peninsula Florida units are present at EAFB. EAFB and NCBC have

geologic similarities that will be described in more detail.

2. Previous Investigations

a4, Western Florida Panhandle

Ao At

Early studies provided a general view of the geology,

hydrology, and surface features of the western Florida panhandle. Marsh

(Reference 4) completed the first detailed investigation of the geology of

the wes'crn Florida panhandle. Some of his work included parts of EAFB,

-4.. ,
Pt B}

Barraclough and Marsh (Reference 5) described the geolegic and hydrologic
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units in the area from the Choctawhatchee River to Mobile Bay, including
most of EAFB. They identified a series of aquifers aud aquicludes down to
the base of the freshwater. Their report provides documentation of o
decline of almost 100 feet in the Floridan aquifer at Fort Walton Beach,
Florida, from 1936 to 1960. The report depicts the spatial variationms 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 1in
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 couwpiled by
Foster and Pascale (Reference 11) and by Trapp et al. (Reference 12).
These reports explain why water levels had declined so drastically in sowe
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 198l. 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 aad 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
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(Référence 3) published a report onm 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
0of 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
discussed future water development. Reference 17, a report on sources for
water suppli~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,
e SCOPE

This report provides hydrogeologic characterization and monitoring
plans for two sites used to store and handle herbicides used by the Defeuse
Department. Of greatest concern is the presence of small amounts
of 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
previcus and ongoing soil sampling programs, TCDD was found 1in

concentrations ranging up to about 1000 ppb in the site soils.
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SECTION IT
GEOHYDROLOGIC ENVIRONMENT OF EGLIN AFB

i o -,

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-Florids 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 land 1is
. 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
occagional frost from November through February. The average annual
temperature at nearby Pensacola is 68°F. The tempevature extremes at
Pensacola have ranged from a high of 1l03°F to a low of 7°¥, 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.
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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

fresh groundwater at EAFB.

The pattern of seasonal distribution is the same over EAFB. The
wettest periods occur in early spring and in summer; and the driest, in
October anu 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 legs than 3 inches to more than 23 inches. Intense storms may

either be a result of convective tvpe 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. From the
surface downward, the formations start with the Pleistocene terrdce
deposits and Citronelle Formation (10 to 200 feet thick). Below is the
Lower Member of the Pensacola Clay (50 to 500 feet thick). Next are the
Bruce Creek limestone, the Tampa Formation, and the Chickasawhay Limestone
(L0O0 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 :
below the Bucatunna folilowed by the Lisbon equivalent, the Tallahatta
Formation, and the H--chetigbee Formation. The Ocala Group, Lisbon

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

Th~ tormations discussed above are described in detail in several

publications listed in Section I, Formations from the land surface
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to the top of the Hatchetigbee Formation include almost all of the beds

contgining 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 on lithology and permeability. From the land surface downward, they
are the vand-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 underlying 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
water between aquifers. These geohydrologic units were first ideutified by
Musgrove et al. (Reference 6) and were extended into Okaloosa and Walton

Counties by Barraclough and Marsh (Reference 5) (Figure %),
1. Sand-and-Gravel Aquijfer

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.

ol

The sand-and-gravel aquifer materials were depogited in an

-
- -

vy

>
-
a

environment similar to that of the present Mississippi River delta. This

is indicated by the rapid changes in lithology over short distances, the

4 3

ahsence of fossils, and the abundance of sand and gravel. The sediments

o

15 ol I TS

were probably deposited by a network of braided streawms 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 sgand-and~gravel aquifer has & high average

porosity and permeability and is an excellent reservoir for groundwater.
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2004 ¢ Sand, light-brown, vary S D
§ coarse, and gravel e Sand-and-gravel
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S very coarse, mollusk shells
4004 © Clay, sandy —— —— Aquifer
S Sand, very coarse, shells,
@ [~and gravel
5001 & | Mollusk sheils with soma
g fine to very coarse sand Explanation
600 : ‘
medium to very coarse sand |2 7'7: beds
7007 Clay, gray o Relatively impermeabie
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800 -
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10004 8 (Absent in northern half of
-3 Clay, dark-gray, sandy Escambla
1100 and Santa Rosa Countles)
1200{ o | Limestone, grayish white,
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2 & | Uimestone, light gray, Ty |
1300 é S| fosshis rare ans Floridan Aquifer
. et (Upper limestone)
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1400 -| @ [—coarse, and fine gravel ety
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1500 ®
28| Clay, dark gray, a little Aquiclude
1800 | © 8 | pyrite and carbonaceous (Bucatunna Clay Member of
= g material Byram Formation)
1700
1800 —
2 oI
8 | Limestone, white, abundant fLity; Floridan Aqulfer
1800 8 | foraminliers e {Lower limestone)
o}
2000~ 3
2100
@ ¢
22004 5 €| Clay, gray, with
3 § foraminifers Aquiciude
> ]
2300
Figure 4. Hydrogeologic Sequence in Western Florida (Reference 5).
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The aquifer comsists 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 ares (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 unit
. 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 mirute (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. In places,

the intermediate zone confines the watev 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 Jater to the
regional water table (Reference 13).

The sand-and-gravel aquifer in Southern Okaloosa County ‘s made
up of sediments that ramge in age from late Miocene to Recent (about
10 willion years ago to the present). 1Its 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.
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Sand, white to fight-gray to light-brown, fine to medium,
subrounded to angular, moderately sorted. ‘

Surficial zone

40~ Clay, dark-gray, slightly siliy, contains shell fragments -

and some organic material.

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

60

Sand, white to light-brown, fine to medium, subrownded,
moderateiy sorted, in places contains slight to moderate amounts

80— of greenish-gray clay with sheli fragments and organic material.

intermediate zone

Sand-and-grave! aquifer

%] Sand, white to light-orange, very fine to very coarse, subrounded

LavAy to angular, poorly surted, contains moderate to large amounts of
4 dark-gray clay with organic material.

i10C ’

Sand, white to light-orange to light-brown, medium to oarse
with some fine gravel, subrounded to subanguiar, moderately to
well sorted; this zone Is capable of yielding over 300 gal/min of
generally f.igh-quality {the exceptions being a low pH and &
possible high total iron concentration) water.

DEPTH, !N FEET BELOW LAND SURFACE

120+

Main producing zone

Nt
140 - ‘5{5%%@ Clayey sand, dark-gray to dark-bluish-green, fine to coarse,
o

Y poorly sorted, contains shell fragments and organic material,

AR
r\A‘-ﬂ,.\fég, ‘

g

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

Pensacola
Clay
Confining
Bed

—

160 ~

Figure 6. Generalized Stratigraphic Description of the Sand-and-Gravel
Aquifer and the Uppermoast Part of the Underlying Pemsacola Clay
Confining Bed, Fort Walton Beach Ares (Reference 2).
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Using pump tests, Hayes and Barr (Reference 2) defined the
hydraulic properties of the main producing zome of the sand-and-gravel
aquifer in seven areas in and near Fort Walton Beach in 1983. The wells
tegted were screcned for 20 or 40 feet and pumped at 50 to 382 gpm. The
resulting transmissivities ranged from 700 to 6200 ft2/day and averaged
about 2500 ft2/day. The hydraulic conductivity ranges from about 20 to
300 ft/day and averages about 80 ft/day. The high values reflect the

highly pcrmeable nature of the sand-and-gravel aquifer materials.

Hayes and Barr concluded that wells located in the aquifer to the
north 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
thick 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 zune
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 impermesble sediments underlie the sand-and-gravel
daquifer in most of southern Ckaloosa County. Marsh (Reference 13) named
all sediments below the sand-and-gravel aquifer to the marine limestomes,
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 wovement of water betweeu the
sand-and-gravel aquifer and the upper limestone of the Floridan aquifer

(Referer-c¢ 5). The Pensacola Clay also restricts saltwater from
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Choctawhatchee 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
from 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.

F'gure 10 shcws 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 upper 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
contains 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).

The 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 seepagé 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 fecet above sea level in
the east tc more than 600 feet below sea level ncar the (Ckaloosa 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 Waltom County.

The Bucatumna 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 nupper 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 t!.z lower limestone.
6. Clay and Shale (Aquiclude)

Beneath the lower limestone of the Floridan aquifer, demse 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 ircreased. In southern OQkaloosa County, about 1.5 milliom
gallons of water per day (mgd) were pumped from the upper limestone in
1940. By 1978, this amount had increased to 15 mgd. Barr, Maristany, and
Kwader (Reference 13) expect this pumpage to increase to about 22 mgd by

the year 2000 (Figure 12).

The lower limestone of the Fioridan aquifer is not penetrated by wells
near EAFB. This aquifer contains saltwater to the west and freshwater to
the east. The potentiometric surface in the lower limestone is probably

simiiar to the potentiometric surface in the upper limestone prior to the

substantial declines.
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E. ALTERNATIVE SOURCES OF WATER

The water level declines in the upper limestone are expected to
continue with growth and development of southern Okaloosa County. This
decline may eventually cause saltwater to move into the upper limestone
from the lower limestone or directly from the Gulf of Mexico. Some water
management techniques may be needed to reduce the water level declines in
the upper limestone. Several possible scenarios for management include:
(1) developing a well field in the upper limestone north of Fort Walton
Beach, (2) developing a well field in the sand-and-gravel aquifer,
(3) using the area's extensive surface-water supply, (4) recharging the
upper limestone by allowing water from the sand-and-gravel aquifer to flow
down wells to the upper limestone, and (5) recharging the upper limestone
with surface water. These possible changes in water management may produce
significant changes in the groundwater flow system and thus alter potential

waste migration paths.
F. GEOHYDROLOGY OF HARDSTAND 7, EGLIN MAIN FIELD

Hardstand 7, an asphalt and concrete aircraft parking area, is located
about 1500 feet west of the north-south runway and about 5600 feet north of
the northwest-southeast runway on the main Eglin airdrome (Figure 13).
Hardstand 7 is about 5~1/2 miles northeast of Fort Walton Beach. The
elevation of Hardstand 7 is 65 feet above sea level. The surface soil is

sandy, and precipitation infiltrates readily in most areas.

Hardstand 7 was used for herbicide storage and loading during spray
testing from 1962 through 1970. Spillage during loading, spray nozzle
cleaning or malfunction, and airplane prop wash were sources of herbicide
to the nearby surfaces. The diesel oil herbicide base decreased soil
permeability locally and increased runoff toward Hardstand Pond. The
temporary use of a pit to collect surface runoff may have localized some

downward herbicide movements.
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Hardstand 7 is located at the edge of a ravine that drops 50 feet over
a 220-foot run to a small pond called Hardstand Pond., Hardstand Pond
drains into a small stream that flows north and enters Beaver Pound, Toum's
Pond, Tom's Bayou, and Choctawhatchee Bay. This ravine is a typical
"steephead," formed by spring flow, with steep sides and a semicircular

shape.

Water in the sand-and-gravel aquifer at Hardstand 7 is derived from
local rainfall on the surrounding area and from lateral flow from the
west—-northwest. Information on nearby wells shows that well depths range
from 68 to 86 feet, the yields range from 5 to 30 gpm, and the wells are
all in the main producing zone of the sand-and~gravel aquifer. The nearest
well that withdraws water from the sand-and-gravel aquifer is about
800 feet west of Hardstand 7. The well (Number 257) is 68 feet deep.
There are several other shallow wells from 1500 to 2000 feet in a westerly
direction. If the wmonitoring of groundwater in the Hardstand 7 area
indicates herbicide contamination, it is recommended that the nearest water

supply wells be sampled for contaminants.

Figure 4 gives the hydrogeologic sequence in western Florida. The
sand-and~gravel aquifer at Hardstand 7 1is about 80 feet thick. The
saturated thickness of the aquifer is about 35 feet. The top of the
Pensacola Clay is about 15 feet below sea level and is about 270 feet
thick, The top of the upper limestone of the Floridan aquifer is about

285 feet below sea level and is about 465 feet thick.

The Bucatunna Clay 1is about 55 feet thick, and the top 1is about
750 feet below sea level. The top of the lower limestone of the Floridan
aquifer, which is about 800 feet below sea level, is about 315 feet thick.

The top of the shale and clay is about 1120 feet below sea level,

The water level in the sand-and~gravel aquifer at Hardstand 7 is about

20 feet above sea level and about 45 feet below the land surface.
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The potentiometric surface (water level) in the upper limestone varied
‘from 20 to 35 feet below sea level in 1978 (85 to 100 feet below the land
surface). Computer projections suggest that the water level will decline
about 1 foot per year (another 35 feet by 2020) if pumping increases as in

:the past (Reference 13).

The artesian pressure head (water level) in the lower limestone of the
Floridan aquifer at Hardstand 7 may be around 40 to 50 feet above sea level
(15 to 25 feet below the land surface). Further data are required to

confirm this estimate.

The hydraulic head relationships between aquifers are mnecessary to
evaluate potential contaminant migration. The hydraulic gradients are such
that groundwater tends to flow downward from the sand-and-gravel aquifer to
the upper limestone aquifer and upward from the lower limestone aquifer to
the upper limestone aquifer. The low permesbilities of the Pensacola Clay
and Bucatunna Clay aquicludes between the aquifers strongly retard this

movement.

Baged on available information, it is highly unlikely that any
significant contamination irom pollutants iu the Hardstand 7 area could
migrate through the Pensacola Glay and into the main drinking water supply,

the upper limestone of the Floridan aquifer.

The differences in water levels in the sand-and-gravel aquifer and the
upper limestone of about 50 feet in 1978 and a projected difference of
about 90 feet in the future would indicate %*hat water from the
sand-and-gravel aquifer could move downward., Some water will eventually
wove through the Pensacola Clay. The low permeability, nowever, would
prevent any significant migration of pollutants through the clay layer.
The sorptive characteristics of the clay would provide additional

attenuation of contaminants.,

The average vertical hydraulic conductivity of the Pensacolas Clay in

gsouthern Okaloosa County 1is about 1 x 10_5 ft/day with a range of
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1x 10-2 to 1 x 10-6 ft/day (Reference 13). The quantity of water that
could move from the sand-and-gravel aquifer through the Pensacola Clay to
the upper limestone of the Floridan aquifer at EAFB can be calculated. For
current head differences of about 50 feet, about 0.006 galloa/year per
square foot would move through the 270-foot-thick Pensacola Clay. For
future head differences of 90 feet, about 0.009 gallon/year per square foot
would move through the confining layer. The theoretical flow through an
area of 100 by 100 feet would be about 90 gallons/year. It may take
approximately 50,000 years for water to move from the sand-and-gravel
aquifer to the Florida aquifer. This estimated quantity of water would be
subjected to a high dilution factor as it mixes with water flowing in the

underlying upper limestone.
G. MOVEMENT OF WATER IN THE SAND-AND-GRAVEL AQUIFER

Generally, groundwater flow in the main producing zone of the
sand-and~gravel aquifer is southward at EAFB toward discharge into
Choctawhatchee Bay and the Gulf of Mexico. The average gradient is about
10 feet/mile. The average aquifer porosity is 0.25, and the average
hydraulic conductivity is 150 feet/day. The average linear velocity of
this water would be about 1.1 feet/day or %00 feet/year. The generalized
flow direction at the Hardstand 7 area would be eastward, toward discharge

into Boggy Bayou and Choctawhatchee Bay.

However, Hardstand Pond, a local discharge area, probably influences
groundwater flow in the upper portions of the sand-and-gravel aquifer. The
resulting movement would be in a northwest direction for water in the

Hardstand 7 area.

The directional change would be gradual as the groundwater moved
toward discharge into Hardstand Pond (Figure 13). The average linesr
velocity of this groundwater would be about 0.7 foot/day (about
260 feet/year) in the immediate area uround Hardstand 7 and Hardstand
Pond. Velocity calculations were made using an estimated gradient of

3 feet in 1000 feet, hydraulic conductivity of 70 feet/day, and a porosity
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of 0.30. It would take about 1 year for solutes from the Hardstand 7
area to reach the Hardstand Pond. This estimate does not allow for any
digpersion, sorption, or decay mechanisms that may slow solute mo >ment.
Actual hydrogeologic measurements at Hardstand 7 will allow more accurate

velocity estimates.

H.  WATER QUALITY IN THE SAND-AND-GRAVEL AQUIFER

Water from the sand-and-gravel aquifer is suitable for domestic,
industrial, and irrigation use. The water meets the State and Federal
requirements for public drinking water supplies; however, some chemical
constituents or physical conditions of the water constitute isolated
problems. The pH is as low as 4.5, and iron concentrations are as high as
4.3 mg/L. The concentration of hydrogen sulfide is sometimes high enough
to give the water an odor and make it corrosive. Some water has a turbid
appearance from colloidal clay. Some wells near saline water have higher

values of chloride and other constituents (Reference 2).

Water in the sand-and-gravel aquifer 1is extraordinarily soft and
relatively unmineralized. The dissolved-solids content of the water is
generally less than 50 mg/L. The large amount of relatively insoluble
quartz sand in the aquifer and high rainfall are some reasons for the low

mineralization.

1. GROUNDWATER MONITORING

The objectives of the groundwater monitoring program are as follows:

1. To determine if the herbicide-contaminated soil is discharging

contaminants to the surficial aquifer

2. To determine the concentrations of waste constituents

3. To provide hydrogeological data that can be used to evaluate

corrective actions
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4. To collect sedimentary samples during drilling for waste cad

hydrogeologic characteristic determinations

5. To determine flow direction and magnitude of the groundwater and:

potential contaminants

6. To obtain data from which contaminant movement predictioms can be

made.

It is recommended that the monitoring system consist of one upgradient
background well and four downgradient wells, located to intercept potential
contaminant pathways. The wells should be comstructed to allow sampling at
the water table of the sand~-and-gravel aquifer, The most likely location
to detect herbicide contaminants is the uppermost aquifer near
Hardstand 7. The expected shallow local groundwater flow systems will
allow the wells to monitor lateral or downgradient migration of pollutants

as the groundwater moves toward surface discharge at Hardstand Pond.

The proposed well locatioms are noted in Figure 1l4. Upgradient well
HS-7-1 should be located 200 feet northeast of the edge of Hardstand 6,
300 feet southwest of the edge of Hardstand 8, and 150 feet southeast of
the edge of Taxiway 19. This location is a oslight topographic high
lying at about 66 feet above sea level. This is about '"0 feet
south-southeast of the center of Hardstand 7. The well is . -ated
upgradient from Hardstand 7 and should be a sufficient distance away that
no herbicide contamination can be found. The well 1is located so that
information on the groundwater gradient and background water quality can be

obtained.

A deep boring should be made at the HS-7-1 monitoring location to
determine the location of the various hydrogeologic units. The specific
locations of the aquifers and aquicludes will determine groundwater flow
and associated contaminant movements. The boring should penetrate the top
of the Pensacola Clay, which is expected to be about 90 to 100 feet below
the surface at this location. Split-spoon samples should be taken at

52foot intervals and wherever there is a change in lithology, as determined

33

T R R R R e S e Yo o




“81T°M
BuT203TUOK pesodoid Jo SUOTIBDOT ‘pucd PUEIBPAPH €[ puegspaey -4 2x1n31jy

1094
B T ]
oom oor

9 pueispseH

o
P
-~

BUI| MOJ} 18JEM-PUNOIL) ’

R ¥
i et b

b

N

2-4-SH 11em Buuoyuow pesodoid ®

y

"18liieq J8e|g .

e

8 puelspieH

34

o
“d

N

3 Tt

Db Rt et Py o

A

4
)}HL

Y
ARYRY

\‘\g

PoaAth

Ny
AL AEA

TN N -i&. L)
LK LR LR KLY

CSREALAY




by well cuttings. Three soil samples from each lithologic unit eacountered
should have grain size determinations made, including hydrometer analysis
to determine clay content. Cumulative grain size curves should be prepared
from the data. The Unified Soil Classification System should be used to
describe the soils. Porosity measurements and three laboratory

permeability tests of each saturated lithologic unit should be made. The
laboratory tests will indicate the variability of the hydraulic properties

Pl

of the soil and can be correlated with the more accurate field slug tests.

T

The laboratory permeability tests will give vertical conductivity values

that may be wmuch lower than the field tests, which reflect the horizontal

| 2ot i Sl S

permeability. Poroéity data are useful in determining the groundwater
seepage velocity. The measurement of the total organic carbon (TOC) of
representative samples should also be made to allow for evaluation of

potential dioxin sorption mechanisms.
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Well construction should consist of 2-inch inside diameter (ID)
stainless steel casing with a 15-foot stainless steel well screen
penetrating 10 feet below the water table. PVC well casing should not be
used because of potential interference with orgsnic analyses. The well
casing should be cleaned before placement and kept isolated from potential
contaminants at the surface. The lower portion of the borehole may require
grouting before placement of the well screen and casing. The well screen
should contain the appropriate slot size for the surrounding formation
materials. Noncaving soil materials that allow an open hole to be
maintained should allow the placement of a grout in the annular space
between the well casing and hole. A high-density, slow-setting bentonite

grout developed by the American Colloid Company is recommended. The grout

»
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will prevent potential channelization of contaminants from the surface to

LA 4

the aquifer. It is recommended that the well be developed, using a surge

| el

block, as well as purging with compressed air. Frequent conductivity
measurements over several wmonths could be used to determine whether the
well has reached an equilibrium relationship with the formatiomal water,

thus,providing the required representative water quality samples.
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Three downgradient monitoring wells are proposed to be located near
Hardstand 7 in a circular pattern. Well HS-7-2 should be located 50 feet
west of the west edge of Hardstand 7. This area, which shows nearby
surface herbicide contamination, is near a pit formerly used to collect
herbicides. The borings for Well HS-7-2 need only be deep enough to
construct a water table well in the same manner as HS-7-1. Sampling should
be madez in a similar fashiom, but portions of each split-spoon soil sample

should be retained for potential dioxin and Herbicide Orange analysis.

Well HS-7-3 should be located 50 feet northwest of the northwest edge
of Hardstand 7. This boring should te carried down into the Pensacola Clay
and be sampled and instrumented in che same manner as the other borings.
Portions of the split-spoon samples down to the depth of the well screen
should be retained for potential dioxin and Herbicide Orange analysis.
Grout should be tremied into the borehole up to the level of the bottom of
the well screea. ™his should be done as the auger is removed to obtain a
seal before the hole collapses. The data from gprings HS-7-1 and HS§-7-3

should be wused to construct a hydrogeological cross section along the

exvected groundwater flow path.

Well HS-7-4 snould be located 50 feet north of the north edge of the
ccnecrete on Hardstand 7. The boring need only be deep enough to allow

water table well consiruction similar to HS-7-2 and HS-7-3,

These three monitoring wells should determine if wnste solutes are
moving in the groundwater away from Hardstand 7. Their close proximity to
the expected contaminant sources should enable any contaminant transport to
be eventually detected. The three wells are at an elevation of about

64 feet above sea level.

Well HS~7-5 should be located about halfway between well HS-7-3 and
Hardstand Pond. This location would be about 150 feet northwest of the
northwest edge of the concrete on Hardstand 7. The elevation of this site

is abou' 50 feet above sea level. This well boring should be drilled deep

enough to construct a water-table well completed as the previous wells.
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dydraulic conductivity slug tests should be conducted on Wells Hs-7-1, I,
3, 4, and 5. Both rising and taliing head tests should be run. A pressura
trausducer should be used to record head changes due to the high formation
conductivity expected. The conductivity values obtained may be as much as
one order of magnitude lower than actual bulk aquifer coaductivity that

would be determined by a large-scale pump test of the aquifer.

Some seeps or - very small springs discharge water from tae
sand-and-gravel aquifer into iardstand Pond. These seeps are 1 or 2 feet
above the pond level. This is the first location where flowing groundwater
might transport dioxins or associated compounds back 1lnto the surface

savironment .

The Hardstand Pond seeps next to Hardstand 7 should be momitored by
angling a short 4- or 6-inch-diameter stainiess steel pipe with abdbvout
1 feet nof stainless steel well screen into the seep area. The weil screen

shounld ve plugged at the bottom.

All wells should be provided with locking protective steel cases and
and  should he  permanently identified. Well-completion reports that
describe well-drilling methods and waterials should be prepared. Specific
depths  and material intervals for wcach well should be documented,

Well-development methods should be described.
J. DRILLING METHODS AND WELL CONSTRUCTION

Lt 1s recommended that a aollow-stem, continuous—flight auger be used
to construct the wnll boreholes and to install well casings and screeuns.
Tils equipwment allows undisturhed soil samples to be taken at intervals as
the drilling proceads. Drilling tluid 1is ot vrequired, mnimizing
contamination problems. Split-spoon or Shelby tube samplers can be uscd
with clear plexiglass tubes and sample catchers suitable for loosc sands
NebG. The clear tubes can be quickly sealed at both ends so  tual
hvdrogeologic propertiecs can be determined at a later date, yet the cor:

malerial s availabie tor visual examinations. [t c¢lear Lubes are u-od,



they should be stored in a darkened area. A 6-inch-ID hollow stem will
allow for the best placement of well-screen gravel packs and grouts.
Four—-inch hollow stems are often used, but placement of the filters and
seals is more problematical. Grout seals should be placed from the bottom
up using a tremie tube. All drilling equipmeunt that enters the borehole or
contacts such equipment should be steam-cleaned before use. Use of
lubricants between drill stem sections should be restricted. Drilling
equipmen: should be stored in clean areas and not be allowed to contact

surface so:ls after cleaning.

Since organic analysis is of main concern and the groundwater is not
excessively corrosive, the use of stainless steel for well comstruction is
recommended due to lower cost and greater strength. The well casing and

screen should be steam-cleaned before installation.

The well casing should extend from the land surface down to just above
the water table. The outside of the casing should be grouted around the
land surface to prevent any contaminants from moving down the outside of
the casing. The well casing should be protected with a locking steel case
at the surface. Each well should have a 15-foot screen, installed so that
the top is about 5 feet above the normal water table. This would provide
about 10 feet of screen below the water table. There should be gufficient
permeability to withdraw a water sample through this sandy interval. The
well can also sample a rising water table during pericds of heavy
rainfall. The rising water levels may carry more contawzipants than the

normal water level. The bottoms of each well should be sealed.

After the well casings are grouted in place, the top of the casing
should be carefully surveyed to determine the location and the elevation.
Accurate elevations of the measuring point on the well are needed for
accurate measurements of the water table. The hydraulic gradieat, which
will be used to show the direction of groundwater flow and to calculate the
groundwater velocity, can then be determined. Water levels should be

measure. before water is removed from the well for sampling.

38

DOILAN SUL R WIS 1 LﬂdﬁuL\




I1f possible, installations should be developed so that the groundwater
sampling equipment does not have to be installed and removed for each
sampling. This greatly reduces the chance of introducing foreign material
into the well. If equipment is put into the well, such as water-level

measuring equipment, care should be taken to avoid cross-contaminationm.

To eliminate this concern, a dedicated gas or airlift sampler cam be

installed in each well. Figure 15 shows a typical installation. The

sampler can be manufactured entirely out of Teflon~, if desired. The
v setup is installed in place and uses a nitrogen bottle to pressure up the
installation. A check ball is used to allow water to enter. It seals when

. pressure is applied and the water in the sampler is forced to the surface,
where it is collected. Alternately, a submersible pump or bailer couid be

used to sample the wells.
K. AQUIFER SAMPLING TECHNIQUES

Before sampling, the well should be purged by removing at least five
borehole water volumes. The static water level should be measured before
purging. Purging and water sample collection are best done using a
positive-displacement submersible pump constructed from inert materials
such as stainlegs steel and Tefloééi An alternative method is the use of
a Teflotgg> or stainless stee! bailer. Proper cleaning of sampling
equipment is essential. If nondedicated sampling equipment is used, wells
should be sampled in order of least contaminated to most contaminated.
Conductivity, pH, and temperature should be measured in the field on
unfiltered samples. All inorganic samples should be immediately filtered
in the field and acidified when indicated. A field blank and duplicate
should be included to provide a quality assurance/quality control check on

analysis.
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