United States Department of the Interior

GEOLOGICAL SURVEY

Post Office Box 2857
Raleigh, North Carolina 27602

March 20, 1985

Commanding General

Assistant Chief of Staff Facilities
Attention: Director NREAD

Marine Corps Base

Camp Lejeune, NC 28524

Dear Sir:

I have enclosed copies of three reports that I discussed during my March 7,
1985, meeting at Camp Lejeune with Col. Luttrell and Messrs. Wooten,
Sharpe, and Johnson.

The report, "Ground-water contamination at Wurtsmith Air Force Base,
Michigan," U.S. Geological Survey Water Resources Investigations Report
83-4002, is an example of the type of investigation the U.S. Geological
Survey has performed in conjunction with the military. The investigation
involved determining the direction of ground-water flow and organic
contaminant movement. Digital-modeling techniques were used to determine
the most suitable sites to install purge wells used to remove the wastes.

The report, "Reconnaissance study of potential ground-water contamination
at waste-disposal sites, Marine Corps Air Station, Cherry Point, North
Carolina," and "Outliné of ground-water quality assessment plan for
industrial waste sludge pits, Cherry Point Marine Corps Air Station,
Havelock, N.C.," show the work we did at Cherry Point to help the staff of
NREAD understand the ground-water conditions at their waste sludge pits and
the plan we prepared to help them meet RCRA requirements.

I enjoyed meeting with you. If we can be of any help to you with the
ground-water contamination problems or in assessing the general
ground-water resource of the Base area, please let us know.

Sincerely yours,

ot .

Ronald W. Coble, Chief
Hydrologic Studies Section
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RECONNAISSANCE STUDY OF POTENTIAL GROUND-WATER CONTAMINATION AT WASTE-

DISPOSAL SITES, MARINE CORPS AIR STATION, CHERRY POINT, NORTH CAROLINA

By N. Bonar Sharpless and Ronald W. Coble

ABSTRACT

Industrial wastes resulting from operations at the Naval Aircraft
Rework Facility at the Cherry Point Marine Corps Air Station were disposed
of in surface impoundments in a sanitary landfill area north of Turkey Gut.
A water-table altitude map of the entire landfill area and estimates of
aquifer hydraulic properties indicate ground water in the water-table
aquifer moves from the pit area directly to nearby Turkey Gut, and reach it
in a period of from 540 to 5400 days. Wastes infiltrating into the

ground-water body are expected to move in the same direction.

The altitude of the potentiometric surface of the artesian aquifer that
is the source of the Air Station's water supply is below that of the water
table in the landfill area. Therefore, the potential exists for contami-
nated water in the water-table aquifer to move through the confining-bed

layers separating the two aquifers and to contaminate the artesian aquifer.
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INTRODUCTION

A1l wastes at the Cherry Point Marine Corps Air Station (MCAS) in Havelock,

North Carolina, (figure 1) were disposed of in the waste-disposal area on the
south side of Turkey Gut adjacent to Slocum Creek (plate 1) beginning in
about 1955. Various methods including landspreading, burning, surface im-
poundment of liquid wastes, and burial were used to dispose of the wastes.

In the late 1970'; waste-disposal activities ceased at that site and were
moved to the north side of Turkey Gut where a sanitary landfill and two new
jndustrial waste surface impoundments were developed. These impoundments
received 2,000 to 8,000 gallons of industrial wastes per week (table 1) from
the industrial waste-treatment plant serving the Air Station's Naval Aircraft
Rework Facility (NARF) during the period of their maximum use. Treatment at.

the industrial waste-treatment plant consists of settling, alum addition,

clarification, and pH adjustment. Concentrated cyanide and chromic acid
solutions are treated in the batch mode. This historical information comes
from a Naval Energy and Environmental Support Activity draft report pre-
pared for the Air Station and from oral communication with D. Travis and

R. Herbig, Department of Natural Resources and Environmental Affairs of the
Cherry Point Marine Corps Air Station.

In spite of efforts to treat them, some of the wastes could still repre-
sent a threat to water quality if they leave the impoundments and enter the
ground-water system in significant quantities; therefore, limited monitoring
of the industrial waste surface impoundments began in 1977. Irregular sam-
pling continued from that time until late 1981 when a new monitoring well
system was installed. This system, designed to fulfill the requirements of
the Resource Conservation and Recovery Act (RCRA), as described in Federal
Regulations 33.073 (1980), codified in 40 CFR 265.91 (subpart F), monitored

ground water leaving the entire landfill area on the north side of Turkey

6
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Tzble 1.--Types of waste placed in Cherry Point “CAS industrial
waste surface izpoundments

Termination Dz:e of

EEEEE_EEEE Generation Rate Frejguency of Dispcsal Surface Impouriments
Industrial Wastes 4000 gal/week weekly Jan. 25, 193
Tank Strippers 10000 gal/year quarterly 1981
Paint Sludges _ 12000 gal/year Qﬁnthly i 1981
0il and Chemical 8000 to

Mixture 15000 gal/year weekly 1981
Grease Trap Wastes - 500 gal/month weekly 1981

Miscellaneous Wastes 3000-4000 gal/year erratic ; 1981







Gut; however, it is inadeguate for monitoring the movement of wastes speci-

fically from the industrial waste surface impoundments. According to RCRA
regulations, the effects on the ground-water system of wastes from these im-
poundments must be separated from the effects on the system of the surrounding
landfill.

Disposal of Jastes in the surface impoundments ceased January 26, 1983,
and clean-up activities are planned. Monitoring requirements still must be
met, and an outline for a ground-water quality assessment plan must be
prepared in accordance with 265.93 (subpart F). In order to meet these
requirements an understanding of the hydrologic system in the waste-disposal
area is needed. In late 1982 the U.S. Geological Survey, in cooperation
with the U.S. Marine Corps, undertook a reconnaissance study to define the

hydrologic system in that area.
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This report describes Fhe results of this study with the goals of
defining the geohydrologic system, determining the potential for
ground-water contamination from the waste-disposal impoundments, and
designing a monitoring-well system to meet RCRA regulations. The
reconnaissance study was conducted between October 1982 aﬁd January 1983.
The scope of the work included: (1) reviewing existing information
including engineering reports, drillers' logs, and borehole geophysical
logs; (2) running a borehole geophysical log (gamma-ray log) of a supply
well in order to help define the hydrogeologic framework; (3) installing
several new water-level observation wells in the water-table aguifer; (4)

measuring water levels in all new &nd existing observation wells in order to

9







prepare a water-table altitude map and to determine the direction of

ground-water movement in the waste-disposal area; and (5) measuring water
levels in accessible supply wells to determine the head relationship between

the water-table aquifer and the supply aquifer.

-

A1l altitudes reported herein are relative to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929), a geodetic datum derived from a
general adjustment of the first-order level nets of both the United States

and Canada, formerly called "Mean Sea Level." The NGVD of 1929 is referred

to as sea level in this report.

Acknowledgments

The authors would like to express their appreciation for assistance and
cooperation received from Rebecca Herbig, Director of Natural Resources and
Environmental Affairs and Dan Travis, Hazardous Waste Coordinator at MCAS
Cherry Point, in furnishing reports on previous studies and existing

drillers' logs of the Air Station's supply wells. Geophysical logs of

supply well 24 were furnished by William Jeter and Richard Powers of the
Washington Regional Office of the North Carolina Department of Natural

Resources and Community Development.

HYDROGEOLOGY

The hydrogeology of the area was interpreted from geophysical and

drillers' logs of the Air Station's supply wells. While sedimentary rocks

extend to a depth greater than 2,000 feet in the area (Floyd, 1969),

only

the upper 150 feet of sediments are considered in this report.
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The low-2rmost unit considered is the Tertiary-aged limestone and

calcareous s:andstone aquifer considered to be part of the Eocene-aged

Castle Hayne 1limestone and overlying undifferentiated Oligocene-aged rocks.,
This unit is the source of the Air Station's water supply (see section in

figure 3 and location of section in figure 2).

"

aquifer whicin is slightly more than 700 feet thick in the Cherry Point

This unit is an artesian

area. The top of the aquifer is approximately 85 feet below sea level, and

the upper 300D to 350 feet contains freshwater (Floyd, 1969). Typical yields

to supply wells range from 200 to 400 gallons per minute. Larger yields

easily could Dbe obtained, but not without some danger of causing upconing of
deep lying s=ltwater toward the bottom of the well.

This arZesian aquifer is overlain by a clay layer which averages 16

feet in thic:iness (confining bed 2 on figure 2). This clay layer retards

the movement of water into and out of the top of the supply aquifer; it is
the confining bed for that aguifer.

A thin sand aquifer, with an average thickness of 19 feet, overlies

confining bed two (fig. 2). None of the Air Station's supply wells tap this
aquifer, and little is known about its hydraulic characteristiecs.

Confining bed one, with an average thickness of 30 feet, overlies the

sand aquifer. This confining bed consists of interbedded clays and silty
sands which restrict the movement of water between the underlying sand

aquifer and the overlying water-table aquifer.
The water-table aquifer overlies confining bed one (fig. 2). This

aquifer extends from the water table, the top of the saturated zone, to a

depth of 15 to 30 feet below sea level.
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GROUND-WATER MOVEMENT

Eighteen water-table aquifer observation wells, three of which had been
used for water-quality monitoring, existed in the waste-disposal area at the
beginning of this study (plate 1 and table 2). The Geological Survey in-
stalled 11 additional water-level observation wells needed to further define

-

the configuration of the water table in the waste-disposal area. Twenty-eighi

of these wells were used to prepare a water-table altitude map (plate 1).

The ground water in the water-table aquifer moving beneath the surface
impoundments moves away from the impoundments from areas of high hydraulie
head to areas éf.lower head. On plate 1, this direction is shown by means of
flow lines (arrows) which show ground-water movement perpendicular to the
water-table contours and in the direction from high-value contours toward
lower-value contours. Thus the ground water passing beneath the impoundments

moves to and discharges to Turkey Gut, which in turn flows into Slocum Creek.

The average velocity of ground-water flow in the water-table aquifer can
be estimated by use of an equation derived from Darcy's law (Heath, 1980).

The equation is:

v =K dh where
q=idl
vV = average water velocity in feet per day;

K = hydraulic conductivity of the aquifer
material in feet per day;
N = porosity of the aguifer material; and

dh = hydraulic gradient of the water table.
dl
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Schnabel Engineering Associates, consulting geotechnical engineers
based in Richmond, Va., performed falling-head slug tests in late 1981 to
determine the hydraulic conductivity of the water-table aquifer at several
points in the waste-disposal area. Their estimates, based on those tests,
range from 1.4 feet per day to 14 feet per day, These estimates
agree with values given by Lohman (1972, p. 53) for fine to very fine sand,
such as that which comprises the water-table aquifer in the waste-disposal
area at Cherry Point.

Porosity can be estimated knowing the type of material comprising the

aquifer. The porosity is estimated to be 30 percent for this aquifer. The

water-table gradient, measured from plate 1, is approximately 5 feet per 350

feet, or 1.4 X 10-2, between the surface impéundments and Turkey Gut. Using
these values in the egquation, the estimated average ground-water velocity in
this area is 0.065 to 0.65 feet per day. The time required for the ground
water to travel the 350 feet between the edge of the downgradient impound-
ment and Turket éut at these velocities is roughly 5,400 to 540 days.

It is important to keep in mind that these estimates are for the
average ground-water velocity and time of travel. Some of the water may
move more slowly and some will move more rapidly. Also, some of the waste
con§tituents' velocities may deviate significantly from this average
ground-water velocity.

The waste-disposal area is bounded on three sides by streams to which
the ground water moving through the waste-disposal area discharges. The
fourth side of the waste-disposal area is in the upgradient direction, and
as a result, little potential exists for ground water to remain in the

water-table aquifer and move beyond the boundaries of the waste-di
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Several water-supply wells, which withdraw water from the artesian
supply aquifer, are near the waste-disposal area (see plate 1 ).

These wells are not pumped on a regular schedule, but rather on aa as-needed

basis. Water levels could not be measured in all of -these wells because

access into the well casing was not possible where the pumps were in place.

Two supply wells, rumbers 10 and 20, were accessible, and water-level mea-

surements made in them are listed in the accompanying table. The water

Depth to Altitude of Potentiometric
Well Date Water (ft) land surface (ft) surface altitude (ft)
10 4 Nov 82 20 22 2
20 6 Oct 82 11 16 5
20 17 Jan 83 11 16 5

level in supply well 10 was more than 10 feet below the altitude of the
water table in that area. Likewise the water level in supply well 20 was
lower than the expected water-table altitude of about 8 feet at that

location, although the head difference there was only about 3 feet. One can

conclude that the potentiometric surface of the artesian aquifer is at a

lower altitude than the water-table surface throughout the general

waste-disposal site area.

CONTAMINATION POTENTIAL AND MONITORING WELL NETWORK DESIGN

As a general rule, wastes that leak from the surface impoundments and

_reach the water table will move downgradient with the ground water to the

point of ground-water discharge. Several factors complicate the situation,

however, and should be considered in assessing the potential for contamina-

tion of the ground-water system and,
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gubiect 10 Reviston -

DO NOT Q ouUOTE OR RELEASE

pending Al 'wpr..a\i'\i by Director
u.Ss Gm‘osxca\ Survey

17






The wastes that have been placed in the surface impoundments range

widely in density, from much less than to much greaﬂer than the density of
water. The less dense materials will tend to float on top of the ground
water and a small portion may even move slightly upgradient; however, the
ma jor component of movement will still be in the downgradient direction.
The more dense heavy materials will tend to sini to the lower part of the
water-table aquifé;. Thus, in order to accurately monitor tﬁé movement of

the various waste constituents, the monitoring network must provide for

multi-depth sampling. A well nest would achieve this most satisfactorily.

Not all of the waste constituents will move through the underground
system at the same rate. Some constituents are strongly sorbed to soil
particles and organic material in the soil, and their concentrations in the
ground water are diminished accordingly. Others may not be significantly
attenuated By the soil. Biotransformation and degradation by micro-organisms
mQy also deplete some constituents in the ground water. These factors point
to the need for careful selection of the indicator constituents if the second
phase of monitoring (as described in 40 CFS 265.93(d)(3)) is required. More
thorough consideration of these factors and £he selection of indicator con-

stituents to be used if a second phase of monitoring is required are beyond

the scope of this study.

Given the water-table configuration, there is little potential for con-
taminating the water-table aquifer beyond the bounds of the waste-disposal

area; however, Turkey Gut and Slocum Creek may be receiving significant quan-
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carefully monitored -- sampled regularly upstream from, adjacent to, and
downstream from the waste-disposal area in order to determine how the dispo-
sal of industrial wastes in the waste-disposal area affects the water quality
of the streams.

-

The quality of the raw water withdrawn from the supply aquifer, parti-
cularly from suppl; wells 4, 8, 10, 13, and 20 should also be monitored on a
regular basis. Having the hydraulic heads in the supply aquifer lower than
the heads in the water-table aquifer provides a driving force for movement of
contaminéted ground water down from the water-table aquifer into the supply
aquifer. The two clay layers that separate the aquifers impede the flow of
ground water and wastes from the water-table aquifer to the supply aquifer;
however, these clay beds are not totally impervious and do not preclude such
movement. In addition, deep wells that were improperly constructed or

plugged, or that have corroded casings, may provide direct connection between

the aquifers.

CONCLUSIONS
The water-table aguifer in the wgste—disposal area at the Cherry Point
MCAS is underlain by a thin sand aquifer and a thick sandy limestone aquifer.

Confining beds (clay layers) separate the three aquifers.

It is unlikely that wastes placed in the industrial waste surface im-
poundments will contaminate the water-table aquifer beyond the limits of the
waste-disposal area north of Turkey Gut. Ground water moves beneath the

surface impoundments to Turkey Gut and, in turn, to Slocum Creek. On the
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impoundments to Turkey Gut. Density differences among the various waste

constituents may cause stratification within the water-table aquifer; there-

fore, multi-depth sampling should be used in monitoring the ground-water

quality.

The threat of contamination is greater for the streams surrounding the

waste-disposal area and for the underlying aquifers. The streams receive the
ground water and waste constituents moving laterally through the water-

table aquifer and should, therefore, be samples upstream from, adjacent to,

and downstream from the discharge points for ground water travelling beneath

the surface impoundments.

The hydraulic heads are lower in the supply aquifer than in the water-
table aquifer, particularly near pumping supply wells. These head differences
provide the potential for ground water and wastes in the water-table aquifer
to move down into the supply aquifer. The two clay layers that lie between
the water-table aquifer and the supply aquifer serve to impede the flow betweex
éﬁese aquifers, but they may not prevent movement; therefore, the quality of
the raw water, particularly that withdrawn from supply well numbers 4, 8, 10,

13, and 20 should be monitored regularly.
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OUTLINE OF GROUND-WATER QUALITY ASSESSMENT PLAN FOR
INDUSTRIAL WASTE SLUDGE PITS, CHERRY POINT
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INTRODUCTION

The landfills adjacent to Slocum Creek and Turkey Gut have been the Air
Station's primary waste-disposal sites since about 1955. From that.time
until the late 1970's, the Air Station disposed of wastes on the south side
of Turkey Gut. Various methods including landspreading, burning, surface
impoundments, and burial were used for disposing of hazardous wastes at that
site. Several surface impoundments on the south side of Turkey Gut were used
for disposal of industrial wastes generated at the Naval Aircraft Rework
Facility (NARF) at the Air Station. These impoundments subsequently were
covered in the landfill area. In the late 1970's, landfilling operations
were moved to the north side of Turkey Gut where two surface impoundments
were opened for disposal of industrial-waste sludge and remained in operation
until early 1983. These two impoundments are subject to Resource Conservation
and Recovery Aet (RCRA) regulations. Their closure began January 26, 1983,
and even though no additional wastes will be placed in them, an outline of a
ground-water quality assessment plan is still required by the North Carolina
Department of Human Resources, Solid and Hazardous Waste Management Branch..
This plan is to be implemented only in the event that more comprehensive
ground-water monitoring (in addition to that presently required unaer RCRA

Subpart F 265.91 and 265.92) is deemed necessary.

This outline lists procedures for determining: (1) whether waste con-

stituents have entered the ground-water system; (2) the rate of movement of

the constituents and the distance they may have moved; and (3) the concen-

tration of constituents in the ground-water system. FRQ%QIE@&A
construction are included in the appendix to this outline LDRAF
‘%L-Etsr—"‘t to Revision
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The Air Station's industrial-waste surface impoundments present a diffi-
cult situation with respect to detection of waste movement. The impoundments
apre in an active landfill which receives domestic-type refuse typical of any
small city and sludge from the Station's water-treatment plant. The water
around the impoundments may be contaminated with leachate from the landfill.
A barrel-storage area for stocks of industrial chemicals used in the NARF and
which are similar to those placed in the impoundments lies just north of the
impoundments. Chemicals that might leak from the barrels could move down into
the ground-water system. Because of the surrounding landfill and the barrel-
storage area, ground water upgradient from the impoundment may already be
" contaminated before it reaches the impoundment area where it could receive
additional waste constituents from those impoundments. Therefore, the
industrial-waste impoundments may not be responsible for all of the ground-

water pollution in the area downgradient from the impoundments.
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Ground-Water Quality Assessment Plan Outline for Industrial-Waste Surface

Impoundments

Determine whether hazardous-waste constituents from the surface

impoundments have entered the ground-water system.

% Detefmine water-table gradient and direction of ground-water flow

to predict the probable direction of pollutant movement from the

impoundments.

This is accomplished by measuring water levels in

water-table observation wells, constructing a water-table contour

map from these data, and drawing ground-water flow lines perpen-

dicular to the contours.

See figure 1.

By 1. Collect gbound—water samples upgradient from the surface im-
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poundments before possible contamination by the impoundments.
The samples are to be collected from a monitor well to be
located 85 feet S. 85°E. of the eastern Suithce impoundment as
shown on figure 1. This well should be screened through the
entire water-table aquifer, and a multi-depth sampling proce-

dure should be applied. This can be achieved by setting

screens at regular intervals in the well; isolate each inter-
vél with an inflatable packer and withdraw water from each

isolated interval. As an alternative, a well nest consisting

of several wells each screened through a short interval in the

water-table aquifer could be constructed here. Water from the

one well or nested wells may show contamination from the sur-
rounding landfill and from the barrel-storage area. Chemical
analyses of these samples will define the quality of the

ground water before it travels beneath the surface impound-

ments. Existing observation well 18 shown in figure 1 serves

5







Figure 1.--Water-table contour map of waste-disposal area,

Cherry Point Marine Corps Air Station, Havelock, N.C.
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as a background monitor well needed to define the quality of
ground water unaffected by the landfill, barrel-storage area
or the surface impoundments. Well 18 should be sampled as

prescribed by RCRA requirements.

Collect ground-water samples from three monitor wells down-
gradient from the surface impoundments. Comparisons of water-
sample analyses from these three wells with analyses from the
previously described upgradient wells and from the background
well (well 18) will indicate changes in quality of ground
water as it passes beneath the impoundments. These downgra-
dient wells will be between the impoundments and Turkey Gut
(see figure 1). They comprise a well nest designed to deter-
mine vertical variation in water quality. They will be
arranged in an equilateral triangle pattern, 5 feet on each
side (fig. 2). The first well will be screened through the
top third of the water-table aquifer; the second cased through
the top third and screened through the middle third; and the
third well drilled to the top of ihe confining bed, cased
through the upper two thirds of the aquifer, and screened
tﬁrough the lower third (fig. 3 and Appendix). The water
table aquifer is 35-50 feet thick beneath the Cherry Point

MCAS (figs. Y4 and 5).
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II.

Determine rate and extent of migration of hazardous-waste constituents

in the ground water.

The average rate of movement of waste constituents through the

ground-water system is considered to be generally the same as the

average ground-water velocity.

A.

The average ground-water velocity can be estimated by use of the

» - K dh
equation v = nar
where ¥ = average water velocity in feet per day;
K = hydraulic conductivity of aquifer materials in feet per dar;
dh . s
s hydraulic gradient of the water table; and
n = porosity of the aquifer materials.

Some wastes will move at a higher velocity, and some will move at
a lower velocity; however, this method provides an adequate esti-
mate of average ground-water velocity and the average rate of
movement of waste constituents. The hydraulic gradient can be
determined from a water-table contour map. Hydraulic conductivity
and porosity can be determined from laboratory tests of cores of

aquifer material or from field tests.

Water samples collected from several wells arranged in two lines T

downgradient from the impoundments can provide further information !
on the rate and extent of migration pf waste constituents in the
water-table aquifer. One line placed parallel to and within the
estimated flow path of the ground water passing beneath the im-

si@.ﬁﬁé_ ﬁ?&ﬁ;‘!
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wastes as they move downgradient from the 1mboundments. Water
samples Withdrawn from a second line of wells perpendicular to the
first line would monitor the dispersion and possible lateral move-

ment of wastes.

Each of these wells shohld be drilled through the entire thickness
of the water-table aquifer, and multi-depth sampling techniques
should be applied. This can be achieved by setting screens at
regular intervals in the well, isolating each interval with inflat-
able packers, and withdrawing samples from each isolated interval.
An alternative is to install two perpendicular lines of well nests
rather than lines of single wells. It is important to compare
water-quality data for comparéble vertical intervals in the wells
due to the possibility qf density stratification of waste consti-
tuents. It must be understood that the quality of the water
collected from these wells may be influenced by the surrounding
landfill; however, comparison of the relative concentrations of
waste constituents known to have besn placed into the surface
impoundments should be indicative of the extent of migration and

the attenuation and dispersion of the waste constituents.

Ground-water flow lines shown on the water-table contour map indi-
cate that Turkey Gut is the downgradient limit of migration of
waste constituents in the water-table aquifer. Water samples should

bercollected from Turkey Gut upstream from, adjacent to, and down-
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receiving additional contamination from the landfill surrounding J

the surface impoundments and the old landfill on the south side of
the gut; however, comparison of concentrations of waste consti-
tuents can provide additional information on the quantity of wastes

reaching Turkey Gut from the impoundments.

Waste constituents can move downward into the artesian aquifer and
contaminate the Air Station's water-supply source. An assessment
of the likelihood of wastes' moving downward into the underlying

artesian (supply aquifer) can be made by ddéing the following:

1. Analysis for waste constituents in water samples from monitor
wells constructed near the impoundments and drilled deep enough
to tap the artesian aquifer would be the most direct way of
detecting movement toward the supply wells. However, the risk
of increasing the potential for contamination of the supply
aquifer is great because such drilling might create pathways
for wastes to travel down into the artesian aquifer. Drilling
such monitoring wells near the impoundment area is not re-

commended at this time, and other approaches should be taken.

2. Another approach to assess the potential for.waste constituents
to move into the supply aquifer would be to compare the hydrau-
lic head of the water table in the water-table aquifer to the
head of the potentiometric surface in the supply aquifer. These

head values can be obtained from water-level measurements 1n

§£%'Il z i
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b

the impoundments. The head values in conjunction with vertical-
conductivity values for the confining beds lying between the
two aquifers can be used to calculate the potential rate for
water to move from the water-table aquifer to the artesian
aquifer. Vertical-conductivity values can best be determined
by means of hydraulic tests performed on core samples of
confining-bed material obtained from drilled test holes. Test
holes should be drilled in the general area of impoundments and
supply wells, but not immediately adjacent to éither one SO as
to not create vertical pathways for contaminant movement as

deseribed in II. D. 1.

III. Determine the concentrations of waste constituents in the ground water.

Chemical analyses of water samples withdrawn from monitoring wells
recommended in section I of this outline will indicate the concen-
trations of waste constituents in the ground water in the water-
table aquifer immediately upgradient and downgradient from the
surface impoundments. Thus, the change in constituent concentra-
tions as the ground water moves beneath the impoundments can be

calculated.

Analyses of samples from the wells recommended in section II. B. of
this outline will also indicate concentrations of waste

constituents in the ground water in the water-table aquifer. These

concentrations can not be attributed entxﬁgmgﬁ ngce .
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Raw water samples collected from the supply wells nearest the

impoundments and analyzed for waste constituents will indicate if
waste constituents have moved vertically into the artesian aquifer
and have moved laterally to the supply wells. Supply wells to be

sampled are numbers 4, 8, 10, 13 and 20.
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Construction Specifications DO NOT U ATE OR RELEASE
ing rve | by Director
U. $. Ceologica! Survey

1. Drill an 8-inch borehole to 20.5 feet below land surface. Collect

\
|
hiact to Revision 1

Well nest well number 1

formation samples every 5 feet during drilling and save samples for
analysis by a qualified geologist or geotechnical engineer.

2. Install a string of threaded, flush joint, 2 inch, schedule 40 PVC well ;‘
casing and well screen. The well screen should extend from 7.5 feet

below land surface to the bottom of the borehole. The recommended well-

screen slot size is .010 inch. The top of the PVC casing should extend
12 to 18 inches above land surface. The PVC casing should be vented and '
capped.
B« Pla?a filter pack of fine- to medium-grained sand* around the casing
‘creen, from the bottom of the borehole up to 5.5 feet below land

and

surface (2 feet above top of screen).

i A S A
S e et “

4. Place a 1-foot deep seal of bentonite pellets in the annular space above vi
the filter pack. 32

5. Fill the remainder of the annular space with sand-cement grout. ?;

6. Place a 55foot long, 6-inch diameter, steel protective casing 3 feet
into the grout. The steel protective casing should have a lockable ..
steel cap and should be vented.

b Filter pack should be designed such that the following sieves retain the

specified percentage range of the sand:

U.S. Standard sieve size : percentage of sand retained li
120 : 90-100 }
60 3 80-86 |
40 : 32-48 %
30 : 7-23 |
10 : 0-14

Filter pack design according to the method described in Ground Water and

Wells, published by Edward E. Johnson, Inc., 1966.
18
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Well nest well number 2 SO E
1. Drill an 8-inch borehole to 33.5 feet below land surfacel Collect
formation samples every 5 feet during drilling and save samples for

analysis by a qualified geologist or geotechnical engineer.

2. Ins£311 a string of threaded, flush joint,.2 inch, schedule 40 PVC well
casing and well screen. The well screen should extend from 20.5 feet
below land surface to the bottom of the borehole. The recommended well-
screen slot size is .010 inch. The top of the PVC casing should extend
12 to 18 inches above land surface. The PVC casing should be vented and
capped.

3. Plage a filter pack of fine- to medium-grained sand* around the casing
and screen, from the bottom of the borehole up to 18.5 feet below land
surface (2 feet above top of screen).

4. Place a 1-foot deep seal of bentonite pellets in the annular space above
the filter pack.

5. Fill the remainder of the annular space with sand-cement grout.

6. Place a 5-foot long, 6-inch diameter, steel protective casing 3 feet
into the grout. The steel protective casing should have a lockable
steel cap and should be vented.

* Filter pack should be designed such that the following sieves retain the

specified percentage range of the sand:

U.S. Standard sieve size : percentage of sand retained
120 s 90-100
60 : 80-86
4o : 32-48
30 2 7-23
10 - 0-14

Filter pack design according to the method described in Ground Water and

Wells, published by Edward E. Johnson, Inc., 1966.
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Construction Specifications DO NOT Of 'E OR RELEASE
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1. Drill an 8-inch borehole to 46.5 feet below land surface. Collect
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Well nest well number 3

formation samples every 5 feet during drilling and save samples for
analysis by a qualified geologist or geotechnical engineer.

2. Install a string of threaded, flush joint, 2 inch, schedule 40 PVC well
casing and well screen. The well screen should extend from 33.5 feet
below land surface to the bottom of the borehole. The recommended
well-screen slot size is .010 inch. The top of the PVC casing should
extend 12 to 18 inches above land surface. The PVC casing should be
vented and capped.

3. ce a'filter pack of fine- to medium-grained sand®* around the casing

' sc#ﬁen,'from the bottpm of the borehole up to 31.5 feet below land
surface (2 feet above top of screen).

4. Place a 1-foot deep seal of bentonite pellets in the annular space above
the filter pack.

5. Fill the remainder of the annular space with sand-cement grout.

6. Place a 5-foot long, 6-inch diameter, steel protective casing 3 feet
into the grout.  The steel ﬁrotective casing should have a lockable
steel cap and should be vented.

* Filter pack should be designed such that the following sieves retain the

specified percentage range of the sand:

U.S. Standard sieve size : percentage of sand retained
120 : 90-100
60 3 80-86
40 $ 32-48
30 5 7-23
10 - 0-14

Filter pack design according to the method described in Ground Water and

Wells, published by Edward E. Johnson, Inc., 1966.
20
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Construction Specifications

Subiect to Revision

Upgradient monitoring well

1.

548

6.

Drill an 8-in¢h borehole to 55 feet below land surface. Collect
formation samples every 5 feet during drilling and save samples for
analysis by a qualified geologist or geotechnical engineer.

Install a string of threaded, flush joint, 2 inch, schedule 40 PVC well
casing and well screen. The well screen should extend from 10 feet
below land surface to the bottom of the borehole. The recommended
well-screen slot size is .010 inch. The top of the PVC casing should
extend 12 to 18 inches above land surface. The PVC casing should be
vented and capped.

PLl i te ck of fine- to medium-grained sand* around the casing

and reen, frofl the bottom of the borehole up to 8 feet below land
surface (2 feet®above top of screen).

Place a 1-foot deep segl of bentonite pellets in the annular space above
the filter pack.

» the remainder of the annular space with sand-cement grout.

%lace a 5-foot long, 6-inch diameter, steel protective casing 3 feet
into the grout. The steel protective casing should have a lockable
steel cap and should be vented.

Filter pack should be designed such that the following sieves retain the

specified percentage range of the sand:

U.S. Standard sieve size 2 percentage of sand retained
120 $ 90-100
60 z 80-86
40 S 32-48
30 : 7-23
10 : 0-14

Filter pack design according to the method described in Ground Water and

Wells, published by Edward E. Johnson, Inc., 1966.
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DEFINITION OF TERMS

Altitude. Vertical distance of a point or line above or below the National
Geodetic Vertical Datum of 1929. The National Geodetic Vertical Datum o
1929 (NGVD of 1929) is a geodetic datum derived from a general adjustment
of the first-order level nets of both the United States and Canada,

formerly called mean sea level. In this report, all altitudes are above
NGVD of 1929.

Aquifer. A formation, group of formations, or part of a formation that con-
tains sufficicent saturated permeable material to yield significant quan-
tities of watcer to wells and springs. It is also called a ground-water
reservoir.

Bedrock. Designates consolidated rocks.

Concentration. The weight of dissolved solids or sediment per unit volume of
water expressed in milligrams per liter (mg/L) or micrograms per liter

(ng/L).

Contour. An imaginary line connecting points of equal altitude, whether the
points are on the land surface, on the clay surface, or on a potenti-
ometric or water-table surface.

Divide. A line of separation between drainage systems. A topographic divide
Jelineates the land from which a stream gathers its water; a ground-water
divide is a line on a potentiometric or water-table surface on each side
of which the potentiometric surface slopes downward away from the line.

Equipotential line. A line in an aquifer on which every point has the same
potentiometric head. As used in this report, equipotential lines define
the water table. The value identifying a given line is the altitude of
all points on that line. -

Ground water. Water that is in the saturated zone from which wells, springs,
and ground-water runoff are supplied.

Hydraulic conductivity. The volume of water at the prevailing kinematic
viscosity that will move in unit time under a unit hydraulic gradient
through a unit area measured at right angles to the direction of flow. In

general terms, hydraulic conductivity is the ability of a porous medium to
transmit water.

Hydrograph. A graph showing the variations of stage, flow, velocity, discharge,
or other aspect of water with respect to time.

Permeability, intrinsic. A measure of the relative ease with which a porous
edium can transmit a liquid under a potential gradient. It is a property
of the medium alone, and is independent of the nature of the fluid and of
the force field.

Picocurie (pCi). One trillionth (1 x 10-12) of the amount of radioactivity
represented by a curie (Ci). A curie is the amount of radioactivity that

yields 3.7 X 1010 radioactive disintegrations per second. A picocurie
yields 2.22 dpm (disintegrations per minute).
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DEFINITION OF TERMS--Continued

Potentiometric surface. 1In aquifers, the levels to which water will rise ir
tightly cased wells. More than one potentiometric surface is required to
describe the distribution of head. The water table is a particular
potentiometric surface.

Recharge. The process by which water is infiltrated and is added to the zore
o% saturation. It is also the quantity of water added to the zone of
saturation.

Runoff. That part of precipitation that appears in streams; the water draining
rom an area. When expressed in inches, it is the depth to which an ar=a
would be covered if all the water draining from it in a given period were
uniformly distributed on its surface.

Specific capacity. The rate of discharge of water from a well divided by ths
drawdown of water level within the well.

Specific conductance. A measure of the ability of water to conduct an electric
current, expressed in micromhos (umho) per centimeter at 25°C. Because

the specific conductance is related to amount and type of dissolved mat:zrial,

it is used for approximating the dissolved-solids concentration of water.
For most natural waters the ratio of dissolved-solids concentration (in
milligrams per liter) to specific conductance (in micromhos) is in the
range 0.5 to 0.8.

Specific yield. The ratio of the volume of water that the rock, after being
saturated, will yield by gravity, to the volume of rock. It is used for
water table aquifers.

Transmissivity. The rate at which water of the prevailing kinematic viscosity
is transmitted through a unit width of the aquifer under a unit hydraulic
gradient.

Water table. That surface in an unconfined water body at which the pressure is
atmospheric. It is defined by levels at which water stands in wells.
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CONVERSION FACTORS

. The inch-pound units used in this report can be converted to the metric
system of units as follows:

Multiply inch-pound unit By To obtain metric unit
inches 25.4 millimeters (mm)
feet (ft) 0.3048 meters (m)
miles (mi) 1.609 kilometers (km)
‘square miles (miZ?) 2.590 square kilometers (km2)
gallons (gal) 3. 785 liters (L)
gallons per minute (gal/min) 0.06309 liters per second (L/s)
cubic feet per second (ft3/s) 28.32 liters per second (L/s)
cubic feet per second per 0.0386 liters per second per
square mile [(ft3/s)/mi?] square kilometer [(L/s)/km?]
gallons per minute per foot 0.207 liters per second per meter
[(gal/min)/ft] [(L/s)/m]
degrees Fahrenheit (°F) £*) degrees Celsius (°C)
micromhos 1.000 microsiemens (us)

* Temperature °C = (temperature °F -32)/1.8.







GROUND-WATER CONTAMINATION
AT WURTSMITH AIR FORCE BASE, MICHIGAN

by
J. R. Stark, T. R. Cumings, and F. R. Twenter

ABSTRACT

A sand and gravel aquifer of glacial origin underlies Wurtsmith Air Force
Base in northeastern lower Michigan. The aquifer overlies a thick clay layer
at an average depth of 65 feet. The water table is about 10 feet below land
surface in the western part of the Base and about 25 feet below land surface in
the eastern part. A ground-water divide cuts diagonally across the Base from
northwest to southeast. South of the divide, ground water flows to the Au
Sable River; north of the divide, it flows to Van Etten Creek and Van Etten
Lake. Mathematical models were used to aid in calculating rates of ground-
water flow. Rates range from about 0.8 feet per day in the eastern part of the
Rase to about 0.3 feet per day in the western part. Models also were used as
an aid in making decisions regarding purging of contaminated water from the
aquifer.

In 1977, trichloroethylene was detected in the Air Force Base water-supply
system. It had leaked from a buried storage tank near Building 43 in the
southeastern part of the Base and moved northeastward under the influence of
the natural ground-water gradient and the pumping of Base water-supply wells.
In the most highly contaminated part of the plume, concentrations are greater
than 1,000 micrograms per liter. Current purge pumping is removing some of the
trichloroethylene, and seems to have arrested its eastward movement. Pumping
of additional purge wells could increase the rate of removal.

Trichloroethylene has also been detected in ground water in the vicinity
of the Base alert apron, where a plume from an unknown source extends north-
eastward off Base. A smaller, less well-defined area of contamination also
occurs just north of the larger plume. Trichloroethylene, identified near the
waste-treatment plant, seepage lagoons, and the northern landfill area, 1is
related to activities and operations in these areas. Dichloroethylene and
trichloroethylene occur in significant quantities westward of Building 43,
upgradient from the major spill site. Benzene, <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>