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HYDROGEOLOGIC, WATER-LEVEL, AND WATER-QUALITY DATA
FROM MONITORING WELLS AT THE U.S. MARINE CORPS

AIR STATION, CHERRY POINT, NORTH CAROLINA

By Louis C. Murray, Jr., and Kathleen M. Keoughan

ABSTRACT

Unlined hazardous-waste disposal sites at the U.S. Marine Corps Air
Station, Cherry Point, North Carolina, are 1located near drinking-water
supply wells that tap the Castle Hayne aquifer. Hydrogeologic and water-
quality data were collected near 2 of these sites from 12 monitoring wells

installed in May through June 1987.

Near the northernmost landfill site, differences in hydraulic head
between the surficial, intermediate Yorktown, and Castle Hayne aquifers
indicate a potential for migration of contaminants downward into the
intermediate Yorktown and Castle Hayne aquifers. Movement would be impeded,
however, by two confining units of silty sand to sandy clay that separate
these aquifers. Geophysical and lithologic data show the upper confining

unit to be approximately 26 feet thick near this landfill.

Near the southernmost 1landfill, these confining units are thin and
discontinuous in an area that coincides with the 1location of a buried
paleochannel. Static water-level data collected in this area indicate that
both the Castle Hayne and Yorktown aquifers discharge into the surficial
aquifer, minimizing the potential for downward contaminant movement. Ground
water in the surficial aquifer at both landfills moves laterally away from
nearby drinking-water supply wells and toward Slocum Creek, a tributary of

the Neuse River.

Concentrations of organic compounds and trace inorganic constituents
included on the U.S. Environmental Protection Agency's 1list of priority

pollutants were determined for water samples from the surficial and Yorktown



aquifers. High concentrations of two purgeable organic compounds,
trichloroethylene and 1,2-dichloroethene (4,600 and 4,800 micrograms per
liter, respectively), were detected in water samples collected from the
surficial aquifer near the southernmost landfill; much smaller

concentrations of trichloroethylene and 1,2-dichloroethene were detected in

samples from wells in the Yorktown aquifer (up to 16 and 12 micrograms per
liter, respectively). These compounds may have migrated into the Yorktown
aquifer from the surficial aquifer during periods of pumping from nearby
drinking-water supply wells if the pumping were sufficient to reverse the
hydraulic head between these aquifers. Only trace amounts of organic
compounds were detected in the surficial and Yorktown aquifers near the
northernmost landfill. Trace metals were detected in most of the wells
sampled near both landfills, but none exceeded U.S. Environmental Protection
Agency drinking-water standards except for iron and manganese. Highest
concentrations of priority pollutant metals detected were for zinc (60

micrograms per liter) and chromium (36 micrograms per liter).
INTRODUCTION

Location and Bac@ground

The U.S. Marine Corps Air Station, Cherry Point, North Carolina, is
located in the Coastal Plain physiographic province of the State, in
southeastern Craven County (fig. 1). Tﬁe Air Station includes an area of
about 19 mi? (square miles) just north of? the town of Havelock and is
bounded by the Neuse River estuary on the north, by Hancock Creek on the
east, by North Carolina Highway 101 on the‘south, and by an irregular north-
south boundary 1located about 0.75 mile west of Slocum Creek on the west
(fig. 2).

{

In April 1986, the U.S. Geological éurvey (USGS), in cooperation with
the U.S. Marine Corps (USMC), initiated a four-year (1987-90) study of
ground-water resources at the Cherry Point Marine Corps Air Station. The
study is divided into four phases (I, IIa, IIb, and III) and is being
conducted in response to the increasing water-supply needs reported by the

Air Station and the potential for contamination of the water-supply aquifer



(Castle Hayne) by waste materials deposited in numerous unlined landfill
sites (fig. 2). Large amounts and various kinds of hazardous wastes from
aircraft refitting and manufacturing operations at the Air Station spilled
or disposed of at these sites have contaminated ground water in surrounding
areas of the surficial aquifer (NUS Corp., 1985, 1986, and 1987). Most of
these sites are near wells that tap the Castle Hayne aquifer and supply
potable water to the Air Station (fig. 2).
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Figure 1.--Location of U.S. Marine Corps Air Station,
Cherry Point, North Carolina.

Data collected during Phase I of the USGS study and reported by Lloyd
and Daniel (1988) were used to (1) appraise the hydrogeologic setting



underlying the Air Station, and (2) eLaluate the water quality of the
drinking-water supply wells tapping the ;Castle Hayne aquifer. The most
significant result of the Phase I st@dy was the detection of priority
pollutant organic compounds in several of %the supply wells located near
waste-disposal sites 10 and 16 (fig.j 2). Benzene was detected in
concentrations up to 1.9 and 1.7 micrograms per liter (ug/L) in wells 99 and
103, respectively (fig. 2), where geoﬂhysical logs indicate that the
confining units separating the surficial aquifer, the intermediate Yorktown
aquifer, and the Castle Hayne aquifer are relatively thin and (or)
discontinuous. Toluene and di-n-octyl phthalate were detected in supply

wells near site 10, the largest waste-disposal site at the Air Station.

In Phase IIa work (1988), the results of which are discussed in this
report, the objectives were to (1) define the water-quality characteristics
of the surficial and Yorktown aquifers that overlie the Castle Hayne aquifer
and (2) assess the potential for further contaminant movement from these
aquifers into the Castle Hayne. Hydrogeologic and water-quality data
required to meet these objectives were:collected from test wells drilled

near selected waste-disposal sites.

Purpose and Scope

The purpose of this report is to present and discuss data collected
from four monitoring well clusters install{d in May through June 1987 at the
Air Station for Phase IIa (the second yeai) of the ongoing ground-water
resource study. Specifically, the report describes (1) hydrogeologic data
collected at the four well-cluster sites; (2) the distribution of hydraulic
head (water levels) within the intermediate Yorktown aquifer, and temporal
and spatial differences in hydraulic head between the surficial, Yorktown,
and Castle Hayne aquifers; and (3) the quality of water collected from the
surficial and Yorktown aquifers at each of the four well-cluster sites.
Also presented are a revision of the preliminary hydrogeologic framework
described by Lloyd and Daniel (1988) and a description of monitoring wells

constructed for this study.



34°87'30"

24°55'00"

76%2'30"
T

76°55'00"

EXPLANATION

WASTE DISPOSAL OR SPILL SITE-Number is that assigned
for Naval Assessment and Control of Installation Pollutants
study (Putnam and others, 1982)

DRINKING-WATER SUPPLY WELL AND NUMBER--Data for
wells are given in Lloyd and Daniel (1988)

WELL AND NUMBER-Data for wells are given in Lioyd and ]
Daniel (1988)

U.S. GEOLOGICAL SURVEY WELL-CLUSTER SITE AND

NUMBER-Wells installed May 1987. Individual wells are
listed in table 1 and shown in figure 3

\%7\

\ v
STUDY AREA ENLARGED\\ /&
FORFIGURE 3~ 17 R @

R020 e = = = -

S 3
Stocym — 3 &7
- 5q 26 9 21
e i i[{ Ve, 8
- I P e
79
D)

)
lENSAFE WELL- e

U.S. Marine Corps Air Station”
Cherry Point

o

8 1.0 MILE
L J

Havelock

8 10 KILOMETER

34°52°30"

Figure 2.--Location of U.S. Geological Survey well-cluster sites,

drinking-water supply wells, and hazardous-waste disposal and spill sites.

5



The descriptions and interpretations that follow are based primarily on
data obtained from lithologic and geophysical logs and mineralogical
analyses of fine-grained sediments, water-level measurements, and chemical
analyses of water samples. New wells were installed on the western half of
the Air Station where the greatest number of water-supply wells and waste
sites are located. Results presented in this report are used to assess, to
the degree that the data will allow, thé potential for and extent of

contamination in the surficial and Yorktown aquifers at these sites.
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MONITORING WELLS

Location and Number

Twelve monitoring wells were installed at four well-cluster sites
(three wells per site) in May through June; 1987, by the U.S. Geological

Survey in a north-south orientation along Roosevelt Boulevard (fig. 2). At



each site, one deep well was screened in the confined Yorktown aquifer, and
two shallow wells were screened in the unconfined surficial aquifer. The
three wells at each site were constructed within 10 to 30 ft of each other
to permit water-quality and water-level data to be collected from both
aquifers at the same locations. It should be noted that the aquifer names
given above are different from those used by Lloyd and Daniel (1988). This
revised nomenclature, discussed later in this report, is based on more
recent detailed lithologic analyses of cored material collected from the

four well-cluster sites.

Water-level data were also collected from a well cluster constructed by
Environmental and Safety Designs, Inc., (Ensafe) in September 1988 to the
southwest of well-cluster site 1 (fig. 2). This cluster consists of one
Yorktown aquifer well and two surficial aquifer wells installed as part of a
post-closure plan for the former surface impoundments at waste-disposal site
10.

Well numbers shown alongside the wells in figure 2 were assigned to
these wells during the Phase I study. This numbering system is retained in
this report to be consistent with Lloyd and Daniel (1988). Well
identification numbers previously assigned to the drinking-water supply
wells by the MCAS that correspond to the numbers shown on figure 2 are
provided in the report by Lloyd and Daniel (1988, table 2). These MCAS well
numbers are provided in this report only for those drinking-water supply

wells referenced in the text.

A map of that part of the study area that encompasses the four well-
cluster sites is shown in figure 3, which also lists the individual USGS
well numbers at each site, and identifies the aquifer tapped by each well.
Map well numbers assigned to the USGS wells shown on figure 3 continue in
sequence from those listed in the previous report by Lloyd and Daniel
(1988, table 2).

The USGS well clusters were constructed between waste-disposal sites
and water-supply wells to test for movement of contaminants toward the

water-supply wells. Well-cluster site 1 was placed between water-supply
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well 33 (MCAS Well 8) and the eastern perimeter of the northern half of the
old sanitary landfill (waste-disposal site 10 on fig. 2), the largest of the
waste-disposal sites at the Air Station. The Yorktown aquifer well at this
site, designated as S1W1A, was constructed after the first borehole had to
be abandoned and plugged with cement when 40 ft of hollow-stem auger became
locked-up in the borehole during the drilling operation. Four other wells
located at well-cluster site 1 and listed on figure 3 (S1W4, S1W5, S1W6, and
S1W6A) were installed by the USGS between April and August 1988, during a
separate hydrogeologic and water-quality investigation conducted near the
waste-water treatment plant and polishing lagoons. Preliminary reports on

the results of this study are in review.

Well-cluster site 2 was constructed between the eastern perimeter of
the southern half of the old sanitary landfill and water-supply wells 74 and
82 (MCAS Wells 9 and 11, respectively). Well-cluster site 4 was installed
west of well-cluster site 2 near the southern perimeter of the landfill.
Water-level data from this site can be wused to estimate the hydraulic
gradient of the Yorktown aquifer in the direction of Slocum Creek. Also,
the close proximity of this cluster to water-supply well 79 (MCAS Well 13)
allows for water 1levels in the surficial, Yorktown, and Castle Hayne
aquifers to be measured at roughly the same location. Such hydraulic-head
data are needed to assess the potential for downward movement of

contaminants from one aquifer to the next.

The southernmost well cluster, well-cluster site 3, was constructed
near Sandy Branch between waste-disposal site 16 and water-supply wells 100
and 103 (MCAS Wells 16 and 17, respectively). Collection of hydrogeologic
and water-quality data in this area is particularly critical because the
upper and lower confining units that overlie the Castle Hayne aquifer are
thin and (or) discontinuous near Sandy Branch and waste-disposal site 16
(Lloyd and Daniel, 1988).

Construction and Development

Construction and development procedures for the USGS cluster wells are

discussed below. Data on well construction, water levels, available logs,



and water-quality analyses are summarized for each well in table 1. To
minimize the potential for contamination between individual wells and
drilling sites, all drill bits, rods, auger stems, well casing, and screens
were steam cleaned prior to drilling and well construction. Also,

protective steel casing with locking caps were installed at each location to

protect the integrity of the wells.

r
\

Boreholes for all of the surficial ahuifer wells were drilled with a
7-inch diameter hollow-stem auger. At each site, one stainless steel well
and one polyvinylchloride (PVC) well were installed in the surficial
aquifer. Split-spoon core samples extracted during the drilling operations
for the stainless steel wells (S1W2, S2W2, S3W2, and S4W2) were examined,
and lithologic logs were prepared. No samples were retrieved during
construction of the PVC wells. Once the borehole for each surficial aquifer
well was drilled, 2-inch diameter casing and screen were set through the
hollow stem of the auger, and the formati&n was allowed to collapse around
the screen when the auger was withdrawn. Albentonite-pellet seal, at least
2 ft thick, was placed above the screenito prevent downward migration of
fluids in the annular space between the casing and the borehole. The
annular space remaining above the bentonite layer was filled with cement.
Construction specifications for the surficial aquifer wells are shown in

figure 4.

The Yorktown aquifer wells were constr@cted with the hydraulic mud-
rotary drilling method. At each site, 8-idch PVC casing was grouted into a
12-inch borehole with cement grout. After the cement was allowed to set
overnight, a 7 5/8-inch borehole was drilled through the cement plug at the
bottom of the 8-inch casing, into and through the Yorktown aquifer, and
terminated several feet into the underlying confining unit. Split-spoon
core samples collected during this time weré sealed for later inspection. A
10-ft  length of 2-inch diameter stainless steel screen attached to
stainless steel casing was then placed into:the borehole. The annular space
around the screen and casing was then backfilled with clean sand or natural
sand formation collapse to a depth of several feet above the top of the
screen. A granular bentonite seal, approximately 2 ft thick, was then

placed above the sand filter pack. The remaining annular space was grouted

10
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with cement. Circulation of approximately 3,000 gallons (gal) of water and
drilling mud was lost into the surficial and Yorktown aquifers during the
construction of well S3Wl. No such circulation loss occurred at any of the
other wells. Construction specifications for the Yorktown aquifer wells are

shown in figure 5.

Stainless | steel cap for wells STW2, S2W2, S3We,
and S4W2; PVC cap for wells STW3, S2W3, S3W3,

' and S4W3
Concrete pad 5 feet of §-inch diameter steel casing with
L__?( locking cap
N )
Ground surface [4 % : ‘A P
L -
L |~ _— S-inch borehole
L |~ __— Neat cement grout
L 1
| —+— 2-inch |.D. stainless stee! casing, schedule
L |1 316 with screw joints for wells STW2, S2W2,
S3W2, and S4W2; 2-inch 1.D. PVC casing,
L 1 schedule 40 with nonglue joints for wells
S1W3, S2W3, S3W3, and S4W3
| |1
1
SURFICIAL
AQUIFER

F—— 2-foot layer #f bentonite pellets

-_'-'_;.———- Natural sand{ formation collapsed around screen

e - 2-inch 1. stainless steel, wire-wrapped screen
el T for wells S1W2, S2W2, S3W2, and S4W2; 2-inch
1.D. PVC [slotted screen for wells S1W3, S2W3,
S3W3, ang S4W3

Stainless steel end cap for wells S1W2, S2w2,
S3W2, and S4W2; PVC nonremovable cap for
wells S1W3, S2W3, S3W3, and S4W3

!

Figure 4.--Schematic showing typical well~construction specifications
for wells S1W2, SIW3, S2W2, S2W3, S3W2, S3W3, S4W2, and S4W3
in the surficial aquifer.

Once construction was completed, the altitudes of the ground surface
and the top of the protective 6-inch casing were determined using standard
USGS techniques. The top of the protective casing was used as the measuring
point for water-level data discussed later in this report. Altitudes

surveyed at each well are given in table 1. In May 1988, two automatic
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recorders were installed at each well-cluster site to monitor water-level

fluctuations in the surficial and Yorktown aquifers.

Stainless steel cap

Concrete pad 5 feet of 6-inch diameter steel casing with locking
cap
a A A A A AA
Ground surface Mal Ml e |
Al 4 all s
= /
/
L1 .
» —1 |_ " p—12-inch borehole
/
=1 8-inch |.D. PVC casing, schedule 40 with nonglue
» — ] joints
1
L
SURFICIAL | " >
AQUIFER L " 2-inch I.D. stainless steel casing, schedule 316
] = with screw joints
/
4 L] || _|— Neat coment grout
/
/
—1 | —]
1 »
1 —— 4-inch borehole
1 [
CONEINING g
/
UNIT ]
1 |~
L—" |
L1
E E—— 2-foot layer of bentonite pellets
::’ 2-inch 1.D. stainless steel, wire-wrapped screen
YORKTOWN
AQUIFER Natural sand formation collapsed around screen
A ---————' Stainless steel end cap

Figure 5.--Schematic showing typical well-construction specifications
for wells SIW1A, S2W1, S3W1l, and S4Wl in the Yorktown
aquifer.

The wells were developed to increase yields and to clear the water of
drilling fluid and formation sediment. At each well, a flexible PVC tubing
was lowered to the screened interval and attached at ground surface to a

centrifugal pump. Each well was pumped at the highest rate possible for
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several hours while the effluent was measured for its specific conductivity.
Pumpage was terminated once the effluent was clear and the conductivity

readings had stabilized.
HYDROGEOLOGIC DATA

Revised Hydrogeologic Framework
|

The hydrogeologic framework at the Air Station, previously defined by
Lloyd and Daniel (1988), has been redefined on the basis of more detailed
lithologic analyses of cored material collected at the four well-cluster
sites and from other existing well data by Keoughan (1988). A brief
description of the revised framework follows to familiarize the reader with
the nomenclature used to identify the hydrogeologic units referenced in this
report. Detailed 1lithologic descriptions are discussed 1later in this

section.

The aquifers lying in the upper 300 ft at Cherry Point have been
renamed as the unconfined surficial aquifer and the confined Yorktown and
Castle Hayne aquifers. The relation between those hydrogeologic wunits
defined by Lloyd and Daniel (1988) and the revised names described in this

report are shown in figure 6.

The geologic wunits previously described as the wundifferentiated
deposits and underlying Yorktown Formation by Lloyd and Daniel (1988) at the
Air Station, are now considered to be' the Flanner Beach Formation by
Keoughan (1988). The Flanner Beach Formation of middle Pleistocene age is
composed of fine, well-sorted sand to silty sand as defined by Mixon and
Pilkey (1976). Maximum thicknesses of the Flanner Beach Formation (40 to 50
ft or more) occur along an inferred Neuse River paleochannel (Mixon and
Pilkey, 1976), which trends northwest-southpast and lies in the southwestern
part of the study area (fig. 7). Keoughan (1988) used the term Flanner
Beach aquifer at the Air Station, but for tte purposes of this report it is

hereafter referred to as the unconfined surficial aquifer.
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GEOLOGIC FORMATION GAMMA-RAY LOG HYDROLOGIC UNIT
Lloyd and Daniel Revised Water-supply well 3 Lloyd and Daniel Revised
(1988) this report (Well number 30, fig. 2) (1988) this report
26
UNDIFFERENTIATED |  PLEISTOCENE L:‘:',::L— SURFICIAL AND SURFICIAL
- - — 32 — — | FLANNER BEACH YORKTOWN AQUIFER AQUIFER
. | [PLEISTOCENE L . JUPPERL JUPPERL
vom(;rowu JAMES CITY {___’év CONFINING UNIT CONFINING UNIT
I 60 —
PLIOCENE PUNGO RIVER YORKTOWN
PUNGO RIVER YORKTOWN AQUIFER AQUIFER
7 LOWERL JLOWER |
L s _ MIOCENE CONFINING UNJT CONFINING UNIT
) PUNGO RIVER 100+
- ——? - = -
RIVER BEND OLIGOCENE 150 — CASTLE HAYNE | CASTLE HAYNE
RIVER BEND
— AQUIFER AQUIFER
200
EOCENE
TLE HAYN
CASTLE € CASTLE HAYNE 260
FEET

Figure 6.--Revised hydrogeologic framework for aquifers and confining
units that underlie the U.S. Marine Corps Air Station.

The surficial aquifer is underlain by a confining unit (fig. 6)
consisting of slightly shelly, silty sand of the James City Formation of
early Pleistocene age (Keoughan, 1988; Dubar and Solliday, 1963). This

unit is hereafter referred to as the upper confining unit in this report.

The wunit previously called the Pungo River aquifer by Lloyd and Daniel
(1988) is called the Yorktown aquifer by Keoughan (1988) in this report.
The sediments constituting the Yorktown aquifer consist of fine to medium
quartz sands of the Yorktown Formation of Pliocene age (Ward and

Blackwelder, 1980).

The Yorktown aquifer is underlain by a confining unit (fig. 6)
consisting of contiguous clays of the lowermost Yorktown Formation and the
upper clay and sandy silt beds of the Pungo River Formation of middle
Miocene age (Kimrey, 1965). This unit is hereafter referred to as the lower

confining unit.

The hydrogeologic unit previously described as the Castle Hayne aquifer

by Lloyd and Daniel (1988) included the River Bend Formation of Oligocene
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34°15’

76°15

PAMLICO SOUND

L2 .

ONSLOW BAY

Cape Lookout

.60

EXPLANATION
U.$. MARINE CORPS AIR STATION, CHERRY POINT
8°
STRUCTURE CONTOUR--Shows altitude of base of Quaternary

—-40— deposits. Contour interval 20 feet. Datum is sea level
? ? 1]0 MILES
I T T
4] 5 10 KILOMETERS

| L1 |

Figure 7.--Relation of Pleistpcene paleochannel
to the U.S. Marine Corps Air Station
(modified from Mixon and Pilkey, 1976).
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age and the Castle Hayne Formation of middle Eocene age (Ward and others,
1978). Throughout much of the North Carolina Coastal Plain a third
confining unit lies below the Pungo River Formation and above the River Bend
and Castle Hayne Formations (Winner and Coble, 1987). However, geophysical
logs indicate that this third confining unit is missing in the subsurface at
Cherry Point. Therefore, the Castle Hayne aquifer in this report includes
the lower beds of the Pungo River Formation and the wunderlying River Bend
and Castle Hayne Formations. The Castle Hayne aquifer extends from a depth
of approximately 110 ft below land surface to at least 300 ft below land

surface.

Lithologic and Geophysical Logs

Generalized lithologic logs depicfing textural changes in the sediments
that underlie the four well-cluster sites are shown on hydrogeologic
sections A-A' and B-B' (figs. 8 and 9, respectively). The upper 50 to 55 ft
of each log was interpreted from a microscopic examination of sediment
samples collected during construction of the stainless steel cased well in
the surficial aquifer. The remaining section of each log was interpreted
from samples collected during construction of the well screened within the
Yorktown aquifer. Detailed lithologic descriptions used to prepare the
generalized 1logs are shown in table 8 beginning on page 53 of this report.
Sediments examined with a microscope and estimated to contain 1less than 5
percent of silt and clay-sized grains are called 'sands" on the
hydrogeologic sections. Sediments estimated to contain 5 to 10 percent of
silt and clay-sized grains . are called "slightly silty to slightly clayey

sands," and sediments estimated to contain greater than 10 percent silt and

clay-sized material are called "silty to clayey sands" to '"sandy clays."

Natural gamma-ray logs, made in the wells that penetrate the Yorktown
aquifer, are shown adjacent to the lithologic logs to supplement textural
interpretations. The gamma-ray log run in supply well 97 (MCAS Well 14)
during the initial phase of the USGS ground-water study, is included on
hydrogeologic section A-A' (fig. 8) to aid in interpretation of the
subsurface stratigraphy between well-cluster sites 2 and 3. These logs are

records of the amount of naturally occurring gamma-ray radiation emitted by
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the sediments and are used to help distinguish between clayey confining
material and more permeable sands. In general, clay emits more gamma
radiation than does sand. The higher the gamma-ray radiation, the farther
to the right the 1log deflection. Apparent inconsistencies between the
lithologic and gamma-ray logs are due to the presence of collophanite, a
phosphate mineral found in the Yorktown and the Pungo River Formations that
occurs beneath the Air Station (Lloyd and Daniel, 1988). This mineral emits
a substantial amount of gamma radiation (Kimrey, 1965), and without
corresponding lithologic logs, it is possible that phosphatic sand layers

could be mistaken for clay layers on gamma-ray logs.

’

B
FEET B FEET
30 T Site 2 - 30
20 — - 20
10 == - 10
SURFICIAL SEA mam A
AQUIFER  LEVEL - LEVEL
10 — _lCJZtZLJEE - 10
UPPER =
CONFINNG 30 — = - 30
40 L:.— - 40
_ [
50 — Aol - 50
YORKTOWN _ - n
aqurer  °° / -] 60
70 — /~—4 ~ 70
LOWER 80 ~ 8o
CONFINNG 20 20
EXPLANATION

SITE 4 WELL-CLUSTER SITE NUMBER

SAND
- LINE OF CORRELATION

VARIOUS MIXES OF SAND, SILT, AND CLAY ;
E GAMMA-RAY GEOPHYSICAL LOG

B-B’ LINE OF SECTION SHOWN IN FIGURE 3
0 300 600 FEET
% T 1 L -
0 50 100 METERS
VERTICAL EXAGGERATION x 9

Figure 9.--Hydrogeologic section B-B'.
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In general, the extent and hydrogeologic character of aquifers and
confining units identified from the lithologic and geophysical logs depicted
on sections A-A' and B-B' (figs. 8 and 9, respectively) are consistent with
those described in the Phase I report (Lloyd and Daniel, 1988) but renamed
in this report. The subsurface strata, in sequence from ground surface to
approximately 100 ft below ground surface, include the unconfined surficial
aquifer, the upper confining unit of clayeyisand, the Yorktown aquifer, and

the lower confining unit of sandy clay.

The surficial aquifer at well-cluster slites 1, 2, and 4 consists of
layers of clean sands interspersed with layers of slightly silty to slightly
clayey sands. The presence of silt and clay in the finer-grained layers at
these sites impedes downward movement of water in the aquifer and promotes
lateral movement through the more permeable layers of clean sands in the
direction of decreasing hydraulic head. Previous studies have shown that
water in the surficial aquifer in the vicinity of the well-cluster sites

moves in a westerly direction toward Slocum Creek (Lloyd and Daniel, 1988).

In contrast, the surficial aquifer at well-cluster site 3 is comprised
of relatively clean sands with very 1ittle silt and clay. A possible
explanation for the contrast is that the layers of fine-grained sediments
present at well-cluster sites 1, 2, and 4 have been eroded away at site 3
and replaced by cleaner sands deposited in‘ the Neuse River paleochannel
(Mixon and Pilkey, 1976). The hydraulﬂc conductivity of the surficial
aquifer at well-cluster site 3 is expected to be substantially higher than
that at the other sites as evidenced by the loss in circulation of drilling

mud during well construction at site 3.

A thin layer of sandy clay present at all four well-cluster sites at a
depth of approximately 10 to 15 ft below gr&und surface is not considered to
be a confining unit because no perched wateﬂ table was identified above this
stratum during the drilling operations. Also, static water levels measured
in the surficial aquifer (discussed later in this report) occurred several

feet below this stratum.
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The upper confining unit of silty sand to sandy clay underlies the
surficial aquifer at each of the four well-cluster sites. The depth to this
stratum ranges from 39 ft below ground surface at site 1 to 55 ft below
ground surface at site 3. Thickness of this unit decreases in a southerly
direction (fig. 8) from 28 ft at site 1 to only 7 ft at site 3. Natural
gamma-ray logs depicted in the Phase I report (Lloyd and Daniel, 1988)
showed that this confining unit is absent at water-supply well 100 (MCAS
Well 16) and less than 10 ft thick at water-supply well 103 (MCAS Well 17).
Erosion in the Neuse River paleochannel, which appears to be deepest in the

vicinity of site 3, may be responsible for the thinning of this unit.

The Yorktown aquifer is composed mostly of slightly silty sand
interbedded with thin layers of sand and silty sand. Some of these layers
are very dense and (or) cemented, which made sample recovery in this aquifer
difficult. The top of this aquifer averages about 65 ft below land surface
at the four sites. Thickness of the aquifer is fairly uniform (fig. 8),

averaging approximately 35 ft.

The lower confining unit of silty sand to sandy silt that underlies the
Yorktown aquifer dips to the east (fig. 9). Phosphatic sands found near the
bottom part of the aquifer at well-cluster site 3, and not clay, are
probably responsible for the deflection shown on the gamma-ray log at that
interval. During drilling operations, it was noted that the sediments in

the bottom part of the aquifer consist of clean sand.

Mineralogical Analysis of Fine-Grained Sediments

Fine-grained sediment samples collected from the wupper and lower
confining wunits were analyzed by X-ray diffraction to identify constituent
minerals present in the units. Results are used to help assess the
potential for attenuation of contaminants present in water flowing through
these confining units. Adsorption of trace metals onto the surfaces of clay
minerals and other fine-grained sediments is well documented (Sanks and
others, 1975). Organic contaminants tend to be much more mobile in ground
water and are not as readily adsorbed by clay minerals. Organic matter in

soils and sediments is a much more effective adsorbent for these organic

21



compounds than are the mineral constituents (Mortland, 1985). Both trace
!
metals and organic compounds have been previously detected in the surficial

aquifer at the Air Station (NUS, 1987).

The X-ray diffraction analyses were performed on samples collected
during construction of the wells at well-cluster sites 1, 2, and 4. Only
that fraction of each sample passing the U.S. Standard sieve no. 200 (grain
diameter of 1less than 0.074 millimeter) w%; analyzed. Most of the samples
collected from the confining units and examined with a microscope were
estimated to contain from 10 percent to greater than 50 percent of silt and

clay-sized particles. Results of the analyses are presented in table 2.

Table 2.--Results of mineralogical analyses on fine-grained sediments
collected during construction of U.S. Geological
Survey monitoring wells

Sample extracted

during construction 151W4 1S1W4 S2wW1 S2W2 S4W1 S4W2
of well no.

Depth of tested

sample (feet below 49 feet 102 feet 101 feet 46 feet 96 feet 41 feet
ground surface)

Stratum from which Upper Lower Lower Upper Lower Upper
sample was taken confining confining confining confining confining confining
(see fig. 6) unit unit unit unit unit unit

smectite smectite smectite smectite smectite smectite
illite illite illite illite illite illite
Mineral identified kaolinite quartz quartz quartz kaolinite kaolinite
in sample by X-ray quartz pyrite pyrite: pyrite quartz quartz
diffraction analyses pyrite apatite apatite orthoclase pyrite pyrite
(from the most to apatite orthoclase orthoclase microcline apatite apatite
the least abundant)? orthoclase calcite calcite calcite orthoclase orthoclase
microcline aukerite aukerite hematite microcline microcline
microcline microciine vaterite?

lWell S1W4 was constructed in March 1988 at well-cluster site 1 as part of a separate U.S. Geological
Survey study at the Air Station (L.C. Murray, U.S. Geological Survey, written commun., 1989).

20nly that fraction of the sample passing the U.S. Standard sieve #200 (grain-size diameter less

than 0.074 millimeter) was analyzed.

The minerals identified in each sample are 1listed in order of
decreasing abundance. Smectite and illite, the two most abundant minerals
identified in the samples from both confﬂning units, are clay minerals of
similar structure but of different chemical composition (Bolt and
Bruggenwert, 1978). The structure and composition of these two clay
minerals, particularly those of smectite, are conducive to adsorption of
relatively high amounts of trace metals (Bolt and Bruggenwert, 1978). The
amount of metals removed by these clays is unknown and is dependent upon

many physical and chemical factors that are beyond the scope of this study
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to address. However, these clays can be expected to attenuate (and
immobilize) metal ions dissolved in ground water moving vertically through
either of the two confining units at the Air Station and, thus, afford some
protection to the underlying aquifers. At well-cluster site 3, where the

confining units have been found to be thin and discontinuous, this potential
for attenuation of trace metals is less than at the other three sites. Once
the adsorptive capacities of the clay minerals have been exceeded, however,
metals in solution will no longer be immobilized by the clays but will be

free to migrate with the ground water in the surficial aquifer.

A third clay mineral, kaolinite, is identified in three of the six
samples. The structure of kaolinite is different than smectite and illite,
and its affinity to adsorb trace metals is somewhat 1less than either
smectite or illite (Sanks and others, 1975). Other minerals found in less
abundance in the fine-grained sediments include fine-grained quartz, pyrite
(a sulfide), apatite (a phosphate), orthoclase (a silicate), calcite (a
carbonate), and hematite (an iron oxide). Some of these minerals may be

expected to adsorb trace metals, but not as much as the clay minerals.

WATER LEVELS

The water-level data were collected in order to define the hydraulic
heads, hydraulic gradients, and the directions of flow within and between
the surficial, Yorktown, and Castle Hayne aquifers. The ground water that
saturates these aquifers and the confining units between them moves through
these units in response to differences in hydraulic head. The rate and
direction of this movement and, hence, the potential for contaminant
movement are controlled by the hydraulic conductivity and the effective
porosity of the units, which is their ability to transmit water, and by the
hydraulic gradient, which is the difference in the hydraulic head per unit
distance within and between the aquifers. Ground water flows from areas

where hydraulic head is high to areas where it is low.
The water-level data presented and discussed in this report are divided
in two sections. The first section presents data used to evaluate the

spatial wvariability in hydraulic head between and within the surficial,
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Yorktown, and Castle Hayne aquifers. The temporal variability in the
hydraulic head between and within the aquifers is discussed in the second

section.

Spatial Variability in Hydraulic Head

Water-level data collected from 96 we11§ at the Air Station over the

period December 5-9, 1988, were used to eva{uate the spatial variability in
the hydraulic head between and within the surficial, Yorktown, and Castle
Hayne aquifers. These data included measurements from the 12 USGS cluster
wells, from 24 surficial aquifer wells installed adjacent to each of the
water-supply wells by the USGS in September 1987, from 57 surficial aquifer
wells previously installed by private consul&ing firms, and from the 3 wells
installed by Ensafe, Inc., at waste-disposal}site 10.
!

Contours showing the approximate altitude of the water table (top of
the zone of saturation in the surficial aquifer) within the area
encompassing the USGS well-cluster sites are:shown in figure 10. Not all of
the surficial aquifer water-level measurements are plotted on this
illustration because many measurements were made in wells near one another
and had very similar head values. The water-table altitudes range from
approximately 15 ft near the eastern part of the study area to approximately
1 ft at Slocum Creek. These differences|in hydraulic head induce ground
water in the surficial aquifer to flow we%t toward Slocum Creek, with
localized flow toward Luke Rowes Gut, iurkey Gut, and Sandy Branch.
Contaminants introduced into the surficial aquifer from waste-disposal site
10 will move with the ground water toward Slocum Creek and locally to Turkey
Gut (fig. 10). Preferential flow paths created by the layered system of
relatively permeable sands described ear}ier in this report may exert a

|
controlling influence on rates and direction|of contaminant movement.

For comparative purposes, the altitude of the potentiometric surface
(represented by the level to which water wiil rise in a tightly cased,
nonpumping well screened in an aquifer) of the Yorktown aquifer is shown at
each of the four USGS well-cluster sites and at the Ensafe cluster site.

The five points of data for the Yorktown aquifer shown in figure 10 are not
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sufficient for construction of potentiometﬁic surface contour lines across
the area. In the northern half of the area,‘ however, where four of the
clusters are 1located, water in the Yorktown aquifer appears to move to the
west toward Slocum Creek. The relatively low altitude of the water level
measured at well-cluster site 3 (3.8 fﬁ) indicates that, at some point
between well-cluster sites 2 and 3, the direction of flow in the Yorktown
aquifer is to the south or southwest toward Sandy Branch and Slocum Creek

and probably nearly parallel to flow in the surficial aquifer.

The vertical distribution of hydrauiic head between the surficial,
Yorktown, and Castle Hayne aquifers from Slo&um Road south to well-cluster
site 3 is shown on section C-C' (fig. 11). The hydraulic heads in these
aquifers are clearly separated along most of the section, such that a
potential is created for vertical movement of ground water and contaminants
from the surficial aquifer to the Yorktown and Castle Hayne aquifers.
However, separation of these hydraulic heads also implies that the upper and
lower confining units act as confining wunits that inhibit the vertical
movement of water and dissolved contaminants into the Yorktown and Castle

Hayne aquifers.

The water levels in the surficial, Yorktown, and Castle Hayne aquifers
as shown in figure 11 converge in the southern part of the study area and
appear to intersect near well-cluster site 3. At this site, the altitude of
the water level measured in the Yorktown aquifer (3.8 ft) is actually higher
than the altitude of the water table ¢3.2 ft). The altitude of the
potentiometric surface in the Castle Hayne aquifer increases to the south
and was measured at 3.9 ft in water-supply well 100 (MCAS Well 16) located
approximately 600 ft to the northeast of site 3. These water levels
indicate that this is in a discharge area for the Castle Hayne aquifer,
where upward flow of ground water occurs from the Castle Hayne aquifer

through the Yorktown aquifer and into the surficial aquifer.

Several factors probably contribute to the convergence of the water
levels in these aquifers near well-cluster site 3. The altitude of the
water table decreases with topography toward Sandy Branch, an area of

localized discharge for the surficial aquifer. The increase in the altitude
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Figure 11.--Cross section C-C' depicting spatial relation between water
levels in the surficial, Yorktown, and Castle Hayne aquifers
measured December 5-9, 1988.

of the potentiometric surface of the Castle Hayne aquifer in the southern
part of the study area may, in part, be the result of discontinued pumping
at water-supply wells 100 and 103 (MCAS Wells 16 and 17, respectively).
These wells were shut down after benzene was detected in water samples
during the Phase I study. Converging water levels in the three aquifers
correspond with the thinning and absence of the confining units between
them. The upper confining unit is absent at water-supply well 100 (MCAS
Well 16), while the lower confining unit is absent at water-supply well 103
(MCAS Well 17). The absence of the confining wunits, together with the
convergence of the water levels in the three aquifers at these locatioms,

indicates that both the Yorktown and Castle Hayne aquifers are less confined
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and more hydraulically connected in the southwestern part of the Air Station
than in the area around well-cluster sites 1, 2, and 4. Additional data are
needed to determine the lateral extent of thiE condition south and west of
well-cluster site 3. To the northeast, howevEr, a natural gamma-ray log run
in well 106 (MCAS Well 26) shows that both coLfining units are present at
this location (Lloyd and Daniel, 1988). The water table and potentiometric
surface in the Castle Hayne aquifer at well 106 were measured at 12.1 ft and

3.9 ft, respectively, on December 8, 1988.

Temporal Variability in Hyhraulic Head

Hydrographs depicting water-level fluctuations in the surficial and
Yorktown aquifers at the four well-cluster sites from May 18, 1988, to
December 8, 1988, are shown on figure 12.1 In general, the difference in
hydraulic head between these aquifers remain%d constant over the period of
record. The net decline seen in the water levels over this period can be
attributed to natural discharge from the ground-water system and to
increased ground-water withdrawals at the Air Station. The abrupt increase
in the water-table altitude from early August to early September 1988
coincides with several rainstorms (greater than 2 inches recorded for August
7, 9, 10, 24, and 31) during that period (U.S. Marine Corps Weather Service,
August 1989).

At well-cluster site 3, water-level fluctuations in the surficial and
Yorktown aquifers are very similar. Because the hydraulic head between
these aquifers (fig. 11) indicates that ground water flows upward from the
Castle Hayne aquifer to the surficial aquifer, the potential for advective
movement of contaminants from the surficial aquifer into the Castle Hayne
aquifer is small, even though the confining jnits between these two aquifers
are thin or absent at and near well-cluster éite 3. Contaminants in the
surficial aquifer at and near site 3 would m&st likely migrate laterally and

discharge into Sandy Branch and Slocum Creek.

Two potential avenues for downward migration of contaminants in this
area do exist. Molecular diffusion of contaminants in the direction of

decreasing concentration could cause contaminants to move from the surficial
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aquifer to the Castle Hayne aquifer. The} rate of diffusion would be
dependent on the source concentration ;of the contaminant, physical
properties of the porous media, chemical interactions, and other factors.
By comparison, a more immediate threat would be posed by any future pumping
of the water-supply wells in this area (spekifically wells 100 and 103)
(MCAS Wells 16 and 17). Pumping these wélls may substantially lower the
potentiometric surface of the Castle Hayne Fquifer and thus reverse the
direction of head differential between the Castle Hayne, Yorktown, and
surficial aquifers in the area near waste-disposal site 16. The potential
for downward movement of ground-water from the surficial to the Castle Hayne
aquifer would then be dependent upon the degree to which the potentiometric
surface in the Yorktown aquifer declined with pumping from the supply wells.
If the potentiometric surface in the Yorktown aquifer was unaffected by
drawdown in the Castle Hayne aquifer, then khe higher hydraulic head in the
Yorktown aquifer would act as a '"divide," ‘and flow would be from the
Yorktown to the surficial and Castle Hayne aquifers. This condition might
occur if the volume of water pumped from sup&ly wells 100 and 103 (MCAS
Wells 16 and 17) was small and the wells were pumped for a short period of
time. However, continued pumping from these wells will cause the hydraulic
head in the Yorktown aquifer to fall below the water table. The relative
heads in these three aquifers would then create the potential for downward
migration of contaminants.

Insufficient data exist at this time ito quantitatively assess the
impact of pumpage from the Castle Hayde aquifer on the potentiometric
surface in the Yorktown aquifer at any of the well-cluster sites. However,
short-term fluctuations in the abandoned Castle Hayne aquifer water-supply
well 26 (MCAS Well 20), caused by pumping of nearby water-supply wells and
tidal and barometric fluctuations, do appear to coincide with short-term
fluctuations seen in well S1W4 in the Yorktdwn aquifer at well-cluster site
1 (fig. 13). Well-cluster site 1 is the closest of the four cluster sites
to well 26 (MCAS Well 20), the only Castle Hayne aquifer well equipped with
a recording device. Based on this observation, it is reasonable to assume
that the sensitivity of the hydraulic head in the Yorktown aquifer to
pumping in the Castle Hayne aquifer would be greater at and near well-
cluster site 3, where the lower confining unit between these aquifers is
thin and discontinuous.
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Figure 13.--Hydrographs of well S1W4 and of water-supply well 26.

QUALITY OF WATER FROM MONITORING WELLS

Sample Collection and Analyses

Ground-water samples were collected from the 12 USGS cluster wells
between October 21, 1987, and November 5, 1987, and submitted to
laboratories for chemical analyses. Each sample was analyzed for U.S.
Environmental Protection Agency (EPA) priority pollutants, in addition to
major cations and anions, physical properties and characteristics,
nutrients, organics, and other constituents. These analyses are consistent
with those performed on samples collected from the water-supply wells during
the previous phase of the ground-water study (Lloyd and Daniel, 1988).

Procedures used to collect and analyze the water samples from the cluster
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wells are the same as those previously used to collect and analyze water
samples from the water-supply wells. These procedures are described by

Lloyd and Daniel (1988) and will not be repeated in this report.

Results of the analyses of water samples from the USGS cluster wells
are presented in table 9 beginning on page 7& of this report. Included in
table 9 are all but seven of the substances listed in the EPA 1list of
priority pollutants (table 3). The seven substances for which analyses were
not performed are: acrolein; acrylonitrile; bis(chloromethyl) ether; 2,4-
dimethylphenol; 2,3,7,8-tetrachlorodibenzo-p-&ioxin (TCDD); thallium; and
asbestos (fibrous). Analyses were not perform#d for these substances for a
variety of reasons such as the extreme toxicity of the substance which
precluded Thaving analytical standards (for example 2,3,7,8-
tetrachlorodibenzo-p-dioxin), instability f the standards, or other
reasons. In the case of 2,4-dimethylphenol, the absence of an analysis for
the compound is probably a moot point because the analyses for total
phenols, which were run on samples from all wepls, gave results less than

the detection limit of 5 ug/L. |

Computerized library searches were performed for wunidentified organic
substances detected during analyses for acid extractable, base/neutral
extractable, and purgeable organic compounds. These library searches were
made using spectral data available for bearly 39,000 known organic
compounds. These 1libraries are maintained | by the National Bureau of
Standards (NBS) and by the U.S. EnvironmenJ
Institute of Health (EPA-NIH). The library search for purgeable organic

al Protection Agency--National

compounds conducted by personnel of the U.S. Geological Survey Central
Laboratory used the NBS library, and the seardh to identify acid extractable
and base/neutral extractable compounds cojducted by personnel of the
Tennessee Valley Authority laboratory used the EPA-NIH library. Results of
the searches and the compounds tentatively identified are not given in

table 9 but are presented and discussed in a later section of this report.
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Table 3.--U.S. Environmental Protection Agency list of priority pollutants

[The 129 substances listed in the table below were compiled from U.S.
Environmental Protection Agency (1979a, 1979b).]

PURGEABLE_ORGANICS

Acrolein?
Acrylonitrile!
Benzene

Toluene

Ethylbenzene

Carbon tetrachloride
Chlorobenzene
1,2-Dichloroethane
1,1,1-Trichloroethane
1,1-Dichloroethane

1,1-Dichloroethylene
1,1,2-Trichloroethane
1,1,2,2-Tetrachloroethane
Chloroethane
2-Chloroethyl vinyl ether
Chloroform
1,2-Dichloropropane
1,3-Dichloropropene
Methylene chloride

Methyl chloride

Methyl bromide

Bromoform
Dichlorobromomethane
Trichlorofluoromethane
Dichlorodifluoromethane
Chlorodibromomethane
Tetrachloroethylene
Trichloroethylene

Vinyl chloride
1,2-trans-Dichloroethylene
bis(Chloromethyl) ether?
1,2-Dibromoethylene

BASE/NEUTRAL EXTRACTABLE ORGANICS

1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Hexachloroethane
Hexachlorobutadiene
Hexachlorobenzene
1,2,4-Trichlorobenzene
bis(2-Chloroethoxy) methane
Naphthalene
2-Chloronaphthalene
Isophorone

Nitrobenzene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
4-Bromophenyl phenyl ether

bis(2-ethylhexyl) phthalate
Di-n-octyl phthalate
Dimethyl phthalate
Diethyl phthalate
Di-n-butyl phthalate
Acenaphthylene
Acenaphthene

Butyl benzyl phthalate
Fluorene

Fluoranthene

Chrysene

Pyrene

Phenanthrene
Anthracene
Benzo(a)anthracene
Benzo(b)fluoranthene

Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-c,d)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene
4-Chlorophenyl phenyl ether
3,3'-Dichlorobenzidine
Benzidine
bis(2-Chloroethyl) ether
1,2-Diphenylhydrazine
Hexachlorocyclopentadiene
N-Nitrosodiphenylamine
N-Nitrosodimethylamine
N-Nitrosodi-n-propylamine
bis(2-Chloroisopropyl) ether

ACID EXTRACTABLE ORGANICS

Phenol
2-Nitrophenol
4-Nitrophenol
2,4-Dinitrophenol

4,6-Dinitro-o-cresol
Pentachlorophenol
p-Chloro-m-cresol

-Chlorophenol
4-Dichlorophenol
4,6-Trichlorophenol
4

2
2
2
2,4-Dimethylphenol?

»
»
»

1.

PESTICIDES/PCB'S

a-Endosulfan 4,4'-DDE Aroclor 1016
g-Endosulfan 4,4'-DDD Aroclor 1221
Endosulfan sulfate 4,4'-DDT Aroclor 1232
a-BHC Endrin Aroclor 1242
8-BHC Endrin aldehyde Aroclor 1248
§-BHC Heptachlor Aroclor 1254
y-BHC (Lindane) Heptachlor epoxide Aroclor 1260
Aldrin Chlordane 2,3,7,8-Tetrachlorodibenzo-
Dieldrin Toxaphene p-dioxin (TCDD)?
METALS AND OTHER INORGANIC ELEMENTS
Antimony Chromium Selenium
Arsenic Copper Silver
Beryllium Lead Thallium?!
Cadmium Mercury Zinc
Nickel
MISCELLANEOUS

Asbestos (fibrous)?

Total cyanides

Total phenols

!Substances for which analyses were not made during this study.

33



Inorganic Constituents

A summary of selected water-quality characteristics that include major
cations and anions, physical properties and characteristics, nutrients, and
other constituents is given in table 4. This table is a synthesis of the

inorganic constituents and other selected |water-quality characteristics

listed in table 9.

Major Cations and Anions

The concentrations of the major cations and anions in the water from
the cluster wells indicate that the water in both the surficial and Yorktown
aquifers is a calcium-bicarbonate type that contains moderate amounts of
dissolved silica. Mean calcium concentrationE measured in water from the
surficial and Yorktown aquifer wells are 51 milligrams per liter (mg/L) and
43 mg/L, respectively; for silica, the mean cbncentrations are 19 mg/L and
26 mg/L, respectively. Chloride concentrations range from 5.3 mg/L at well
SIW3 to 20 mg/L at wells S3Wl and S3W2 and ar@ consistently higher in both

aquifers at site 3 than at sites 1, 2, and 4.

7

|

Equivalent proportions of the major cdtions and anions are fairly
constant in the samples from both aquifers except for two of the Yorktown
aquifer wells, S1W1A and S4W1l. This is illustrated on the trilinear plot
shown on figure 14. Water from wells S1WI1A land S4W1 have lower percentages
of calcium and higher combined percentages Jf sodium and potassium than
water from the other wells. By comparisonJ water analyzed from the Castle
Hayne aquifer during the previous investigation was also found to be a
calcium-bicarbonate type. A source of calcium in the water of the Castle
Hayne aquifer is the limestone (calcium carb&nate) that comprises much of
the aquifer matrix. A source of calciﬁm in the surficial and Yorktown
aquifer wells is the layers of shell hash and shell fragments identified
during examination of the sediments. Locations and depths to this material

at the well sites are found in the lith&logic logs provided in table 8.
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EXPLANATION

2
o N S4W1g  INDIVIDUAL WATER ANALYSIS AND
WELL NUMBER

. FIELD OF ANALYTICAL VALUES FOR
®'  wELLs s1W2, S1W3, S2w1, sawe,

S2W3, S3W1, S3W2, AND S3W3
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Figure 14.--Trilinear diagram of major cations and anions in water from
U.S. Geological Survey monitoring wells.

Physical Properties and Characteristics

Large differences in pH between water samples collected from the two
aquifers were found. Values determined in the field for the samples taken
from the surficial wells ranged from 5.98 (at S4W3) to 7.21 (at S2W3) and
were all 1lower than the pH values measured in water from the Yorktown
aquifer wells. The pH of water in three of the four wells in the Yorktown
aquifer exceeded 8.0. The pH of the water in two of these wells, S1W1A and
S4W1, had unusually high pH values of 9.57 and 9.98, respectively. Most
ground waters found in the United States have pH values ranging from 6.0 to
8.5 (Hem, 1970).
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The pH of water in all four wells in the Yorktown aquifer also exceeded
the median pH of 7.25 previously determined for water in wells in the Castle
Hayne aquifer at the Air Station (Lloyd and Daniel, 1988). Because the
water in the aquifers above and below the Yorktown aquifer both have lower
pH values, the relatively high pH values determined for water collected from
the Yorktown aquifer wells are suspect and may not be representative of the
water in the aquifer. These samples may have been contaminated by 'bleed
water" released from the cement grout. Recall that this grout, composed
primarily of calcium carbonate with a naturally high pH, was poured to form
a plug at the bottom of the 8-inch pit casiné in each Yorktown aquifer well
prior to extending the borehole into the Yo#ktown aquifer. Because the
grout was poured inside of the casing, the potential exists for bleed water
to move down the casing toward the well screen. No grout was poured inside
of the casing during construction of the surficial wells. For these wells,
grout was poured only in the annular space be?ween the outside of the casing

and the borehole.

Support for this explanation is providediby comparing the pH at well
S1W1A (9.57, as given in table 4) with those values measured later at two
other wells in the Yorktown aquifer, S1W4 and S1W6A, constructed at well-
cluster site 1 during a separate investigation (L.C. Murray, U.S. Geological
Survey, written commun., 1989). Bentonite clgy, not cement, was used to
grout these wells. The pH of water from 51w% and S1W6A was measured at 7.4

(on April 6, 1988) and 7.5 (on September 17, 1988), respectively. These

values are consistent with the pH value£ measured in the surficial and
Castle Hayne aquifers, indicating that the high pH values seen in wells

S1W1A, S2W1, and S4W1 may have been influenced by the cement grout.

The pH of 7.39 measured at well S3Wl is ﬁuch lower than those measured
for the other three wells in the Yorktown aqu%fer and is close to the median
pH of 7.25 previously measured in the Castle Hayne aquifer. This
observation is significant because it provides evidence that, as inferred
from the hydrogeologic data previously discussed, water in the Castle Hayne
aquifer flows wupward in this area of the Air Station where the confining
units are thin and discontinuous and mixes with the waters in the Yorktown

and surficial aquifers. This upward movement of water in the Castle Hayne

38



aquifer is probably responsible for preventing downward migration of the
cement grout bleed water toward the well screen where the sample was

collected.
Nutrients

Organic nitrogen and ammonia nitrogen are the predominant forms of
nitrogen found in water from both the surficial and Yorktown aquifers.
Combined concentrations range from 0.20 mg/L at well S4W3 to 2.1 mg/L at
well S2W3 (table 4). Combined nitrate and nitrite nitrogen are present in
smaller concentrations, from 0.009 mg/L at well SIW1A to 0.106 mg/L at well
S1W2. Phosphate concentrations range from 0.001 mg/L at well S3W2 to 0.211
mg/L at well S1W3.

Metals

Of all the metals for which analyses were made, only iron and manganese
exceeded standards listed in the EPA ambient water-quality criteria (U.S.
Environmental Protection Agency, 1986). Concentrations of iron (up to 1,400
ug/L in well S4W2) and manganese (up to 99 ug/L in well S3W3) exceeded
maximum amounts recommended for secondary drinking-water standards (0.3 and
0.05 mg/L, respectively) in 6 of 11 water samples (table 5). In general,
water samples collected from the surficial-aquifer wells contained higher
concentrations of these metals than did . the samples collected from the

Yorktown aquifer wells.

Trace metals listed by the EPA as priority pollutants detected in
samples from both aquifers include zinc (up to 60 ug/L, total recoverable),
chromium (up to 36 ug/L, total recoverable), nickel (up to 34 ug/L, total
recoverable), copper (up to 25 pg/L, total recoverable), and lead (up to 18
pug/L, total recoverable). Total recoverable concentrations account both for
metals originally present in the dissolved form in the unfiltered sample and
for metals removed from sediment surfaces by a weak acid digestion. By
comparison, dissolved metal concentrations (filtered samples) constitute
only a fraction of the total recoverable concentrations--lead (up to 6

ug/L), nickel (up to 4 pg/L), and copper (up to 2 ug/L). These results
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are not surprising since some of the digested sediments likely contain
smectite and illite, two clay minerals with relatively high adsorptive
capacities for metals. These clay minerals were found to be the two most
abundant minerals present in the fine-grained sediments comprising the
confining units.

Organic Constituents

Priority Pollutant Organic Compounds and Organic Pesticides

Analyses of water samples collected from the cluster wells indicate the
presence of 11 priority pollutant organic compounds in the aquifers
underlying the Air Station. Of these 11 compounds, 9 are purgeable organic
compounds, 1 is a base/neutral extractable organic compound, and 1 is a
pesticide. Analyses which produced positive identifications of priority
pollutant organic compounds and organic pesticides in concentrations at or

above the analytical detection limit are summarized in table 6.

Nine purgeable organic compounds were detected in water samples from
well-cluster site 3, near waste-disposal site 16 (fig. 2). In the surficial
aquifer, the concentrations recorded for two of these compounds, trichloro-
ethylene (3,000 ug/L for S3W2 and 4,600 ug/L for S3W3) and 1,2-dichloroethene
(4,400 pg/L for S3W2 and 4,800 ug/L for S3W3) represent the maximum
concentrations that could be measured by the analytical equipment. Actual
concentrations may have been even higher. The maximum contaminant levels set
by the U.S. Environmental Protection Agency for trichloroethylene and 1,2-
dichloroethene in drinking water are 5 ug/L and 7 ug/L, respectively (U.S.
Environmental Protection Agency, 1987). In a previous investigation (NUS,
1986), concentrations as high as 620 pg/L for trichloroethylene and 2,000
ug/L for 1,2-dichloroethene were detected in a monitoring well constructed in
the surficial aquifer near the perimeter of waste-disposal site 16. Putnam
and others (1982) report that as much as 20,000 gallons of oil may have been
disposed of at this site between 1946 and 1948. Compared with trichloro-
ethylene and 1,2-dichloroethene, the concentrations of six other purgeable
organic compounds found in the surficial aquifer at well-cluster site 3 are
low. Of these six, chloroethane (26 ug/L, average) and 1,1-dichloroethylene
(12 pg/L, average) were the only other compounds found to exceed 5 ug/L.
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The areal extent of a contaminant plume near well-cluster site 3 in the
surficial aquifer has not been determined, but it would most 1likely extend
downgradient from waste-disposal site 16 to the west and north in the
direction of ground-water flow toward Slocum Creek and Sandy Branch. As
long as water-supply wells 100 (MCAS Well 16) and 103 (MCAS Well 17) are not
pumped, the advective lateral movement of these compounds from this site

eastward toward the water-supply wells is unlikely.

Trichloroethylene (up to 16 pg/L) and 1,2-dichloroethene (up to 12
ug/L) were also detected in water samples from the Yorktown aquifer at well-
cluster site 3. These compounds may have migrated from the surficial
aquifer into the Yorktown aquifer during the period when water-supply wells
100 (MCAS Well 16) and 103 (MCAS Well 17) were pumped.

No priority pollutant, purgeable organic compounds were detected at
well-cluster sites 1 and 2; both of these sites are located to the east and
upgradient of waste-disposal site 10. Trichloroethylene (1.4 ug/L) and
toluene (0.5 ug/L) were detected in the Yorktown aquifer at well-cluster
site 4, the site constructed near the southern perimeter of waste-disposal
site 10. The presence of these compounds indicates that, in spite of the
appearance that contaminants would tend to move laterally toward Slocum
Creek, some of these contaminants may have entered the Yorktown aquifer at

or upgradient from this site. Resampling is needed to verify these results.

The results of analyses for two of the organic compounds 1listed in
table 6 are questionable. The presence of bis(2-ethylhexyl) phthalate, an
extractable organic compound, detected in water collected from well-cluster
site 1 (up to 15 upg/L) may have been caused by small PVC shavings seen
floating in the collected samples. This material was probably scraped
from the PVC pipe used to develop the wells. None of these shavings were
seen in the samples collected from well-cluster sites 2, 3, or 4. The
occurrence of the organic pesticide, methyl trithion, in water from well
SIW1A (0.03 ug/L) is questionable because the pesticide was also detected at

this same concentration in the blank sample during the laboratory analysis.
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Nonpriority Pollutant Organic Compounds

During the analyses for priority pollutant organic compounds
(purgeables and extractables), which utilizes a gas chromatograph-mass

molecular structure and weight, a number

spectrophotometer (GC/MS) to detect organ substances of different
f compounds were detected that

were not on the priority pollutant list (tablé 3). In an effort to identify
these compounds, a comparison, or librar¥ search, was made between the
spectra of the unknown compounds produced by the GC/MS and a compilation of
approximately 39,000 available spectra of known compounds. Libraries of
available spectra are maintained by the National Bureau of Standards (NBS)
and the Environmental Protection Agency with the National Institute of
Health (EPA-NIH).

The results of the library search and spectral comparisons are given in
table 7. Nearly all of the unknown compounds have been tentatively

three wells (S1W1A, S1W2, and S3Wl) contains one or more purgeable organic

identified with a high percentage probabilityiof identification. Water from
compounds that could not be identified. Purgeable organic compounds that
were tentatively identified in the search include 5-methyl-1,2,3-thiadiazol,
1-methyl-4-(1-methylethyl)cyclohexadiene, dimethyl disulfide, and hydrazine
metabolite. The concentrations of these compounds are small (less than 5

ug/L) in all of the samples.

Three extractable organic compounds not {isted as priority pollutants
were detected. One of the compounds, tentatively identified as 2-ethyl
hexanol, is a fuel derivative found in the water sample from well SI1W1A.
This well is 1located near the eastern perimeter of waste-disposal site 10
(fig. 2), where petroleum oils and lubricants were disposed of (Putnam and
others, 1982). The other organic compouﬁds tentatively identified are
dodecanoic acid and octacanoic acid, both satﬁrated fatty acids common to
fats and oils from a variety of plants and animals (Weast, 1975, p. D216-
D217). These compounds were identified in water samples taken from both the
surficial and Yorktown aquifers at well-cluster site 3, and in the Yorktown
aquifer at well-cluster site 4. Well-cluster sites 3 and 4 are located near

the perimeters of waste-disposal sites (10 and 16) known to contain
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municipal-type refuse, a likely source of these compounds. Fatty acids are

moderately soluble in water (Weast, 1975) and have a fairly low attraction
\

for clays and other sedimentary particlesiand can thus be expected to be

somewhat mobile in ground water.

|
Other Constituents
!

|
Concentrations of dissolved organic caibon (DOC) were consistently

higher in water from wells in the Yorktown aquifer (averaging 3.5 mg/L) than

in water from wells in the surficial aquife& (averaging 1.3 mg/L). By
comparison, the majority of all ground waters have concentrations of DOC
below 2 mg/L (Barcelona, 1984). The higher DOC concentrations in the
Yorktown aquifer may be due to the upward movement of water from the Castle
Hayne aquifer, where the mean DOC concentration was previously determined at
7.2 mg/L (Lloyd and Daniel, 1988). At well-cluster site 3, the
concentration of DOC in the Yorktown aquifer well was measured at 6.4 mg/L,
twice as high as that measured in any of the other three wells in the
Yorktown aquifer and much closer to the mean §alue measured in the Castle

Hayne aquifer. Again, this can be attributed to the fact that the area

around well-cluster site 3 is a discharge area for the Castle Hayne aquifer.
SUMMARY AND CONCLUSIONS

Twelve wells were constructed by the U.S‘ Geological Survey at four
sites (three wells per site) in May through June 1987 between unlined
hazardous-waste disposal sites and water-supply wells at the U.S. Marine
Corps Air Station at Cherry Point, North Carolina. Well-cluster sites 1, 2,
and 4 were constructed near waste-disposal site 10, the largest of the
hazardous-waste sites. Well-cluster site 3 was constructed in the
southwestern part of the Air Station betweeni waste-disposal site 16 and
several water-supply wells previously found to contain small concentrations

of benzene.

Together with 1lithologic and geophysical 1logs, water-level data

collected at each of the four well-cluster sites indicate that the
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hydrogeologic conditions at well-cluster sites 1, 2, and 4 (near waste-
disposal site 10) are similar but differ markedly from conditions at well-
cluster site 3 (near waste-disposal site 16). Differences in hydraulic head
measured between the surficial, Yorktown, and Castle Hayne aquifers at and
near well-cluster sites 1, 2, and 4 indicate a potential for downward
movement of ground water as well as any contaminants introduced into the
surficial aquifer. However, such downward movement is impeded by two
confining units (the upper and lower confining units) of silty to clayey
sand that separate these three aquifers. Lithologic and geophysical logs
indicate that the wupper confining unit (which separates the surficial and
Yorktown aquifers) at sites 1, 2, and 4 has an average thickness of 26 ft.
Hydraulic head relations and 1lithologic data indicate that dissolved
contaminants are likely to move laterally westward toward Slocum Creek in
the direction of major ground-water flow in the surficial and Yorktown

aquifers.

The wupper confining unit thins toward the south and is only about 7 ft
thick at well-cluster site 3. Geophysical logs of nearby water-supply wells
100 (MCAS Well 16) and 103 (MCAS Well 17) indicate that both the upper and
lower confining units are much thinner or discontinuous in the southwestern
part of the Air Station. Layers of slightly silty to slightly clayey sand
present in the surficial aquifer at well-cluster sites 1, 2, and 4 are
absent at well-cluster site 3. At site 3, the surficial aquifer consists of
clean, highly-permeable sand. A possible explanation for the 1lithologic
contrast between site 3 and sites 1, 2, and 4 is that the confining units
(or portions thereof) and the fine-grained material present in the surficial
aquifer at sites 1, 2, and 4 have been eroded away at site 3 and replaced by
cleaner sands deposited in the Neuse River paleochannel. The deepest part
of this paleochannel 1lies within the southwestern part of the Air Station
near site 3 and water-supply wells 100 (MCAS Well 16) and 103 (MCAS Well
17).

The hydraulic heads in the surficial, Yorktown, and Castle Hayne
aquifers converge toward the south between well-cluster sites 2 and 3. At
well-cluster site 3, the altitude of the potentiometric surface in the

Yorktown aquifer (3.8 ft) was higher than that in the surficial aquifer
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(3.2 ft). The altitude of the potentiometric surface in the Castle Hayne
aquifer measured at nearby water-supply well 100 (MCAS Well 16) was 3.9 ft,
which indicates that both the Yorktown and Castle Hayne aquifers discharge
into the surficial aquifer in this area. Under these hydraulic-head
conditions, 1little potential exists for advective migration of contaminants
from the surficial aquifer near waste-disposah site 16 downward into the
Castle Hayne aquifer. However, pumping from %upply wells 100 (MCAS Well 16)
and 103 (MCAS Well 17) could reverse the Bydraulic head relations and
increase the potential for contaminant migration in the Castle Hayne

aquifer.

Water-quality analyses of samples collected from the 12 cluster wells
indicate that the water in the surficial and Yorktown aquifers is a
naturally hard, calcium-bicarbonate type with moderate amounts of dissolved
silica. Concentrations of iron (up to 1,400 ug/L) and manganese (up to 99
ug/L) exceeded EPA secondary drinking-water standards in roughly half of the
water samples. Water samples collected from the surficial aquifer wells
generally contained higher concentrations of these metals than did those

collected from the Yorktown aquifer wells.

Trace metals detected in both aquifers include zinc (up to 60 ug/L),
chromium (up to 36 ug/L), nickel (up to 34 ug/L), copper (up to 25 yg/L),
and lead (up to 18 ug/L). Only a small proportion of these total
recoverable concentrations, however, were dissolved and mobile in the ground

water at the time of sampling.

Nine EPA priority pollutant, purgeable organic compounds were detected
in water samples collected from well-cluster site 3, the site constructed in
the southwestern part of the Air Station near waste-disposal site 16. Eight
of these compounds were detected in watér samples from the surficial
aquifer. The two purgeable organic compﬁunds detected in highest
concentrations in the surficial aquifer at this site were trichloroethylene
(4,600 ug/L) and 1,2-dichloroethene (4,800 ug/L). Because these
concentrations represent the maximum concentrations that could be measured
by the analytical equipment in the laboratory, actual concentrations of

these compounds in the samples may have been even higher. Maximum
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contaminant levels set by the EPA for these compounds in drinking water are
5 pg/L and 7 ug/L, respectively. Six other purgeable organic compounds
including chloroethane, tetrachloroethylene, toluene, 1-2-dichloropropane,
1l,1-dichloroethane, and 1l,l-dichloroethylene were also detected in the
surficial aquifer at site 3 but in smaller concentrations (less than 30

ug/L).

The contaminants detected at well-cluster site 3 can be expected to
move laterally within the surficial aquifer and discharge into Slocum Creek
and Sandy Branch. Under nonpumping hydraulic-head conditions, all the
aquifers are discharging in this area, and 1little potential exists for
advective movement of these contaminants downward into the Castle Hayne

aquifer.

Trichloroethylene and 1,2-dichloroethene (up to 16 and 12 ug/L,
respectively) were the contaminants detected in greatest concentrations in
the Yorktown aquifer; both of these compounds were found at well-cluster
site 3. It is likely that these compounds migrated into the Yorktown
aquifer over the period of time when water-supply wells 100 (MCAS Well 16)
and 103 (MCAS Well 17) were operating.

No priority pollutant, purgeable organic compounds were detected at
well-cluster sites 1 and 2; both of these sites are located to the east and
upgradient of waste-disposal site 10. However, two purgeable compounds,
trichloroethylene (1.4 ug/L) and toluene (0.5 pg/L), were detected in the
Yorktown aquifer samples at well-cluster site 4 near the southern perimeter
of waste-disposal site 10. The presence of these compounds indicates that,
in spite of the appearance that most contaminants move laterally toward
Slocum Creek, some contaminants have entered the Yorktown aquifer at this
site or upgradient from this site. Resampling is needed to verify these

water-quality results.
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Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells

[Estimates of grain-size fractions, sediment composition, and fossil

content are based on microscopic examinations by a U.S. Geological

Survey geologist. Color Code Description: Example--(10 YR 8/2)

Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter)

Depth below

Description land surface
(feet)
Well S1W4
Soil 0-1
SAND, quartz, fine, well sorted, angular, 1-10

very pale orange (10 YR 8/2), twigs present
at base, no fossils observed

Sandy CLAY; medium gray (N5); few sand 10-12.5
interlaminations and lenses; sand fine,
well sorted, subangular to angular, dark
yellowish orange (10 YR 6/6)

Sandy CLAY, light gray (N5) 12.5-12.7

SAND and SILT, top 5 inches is coarse silt to fine 12.7-13.6
sand; sand is moderately sorted, subangular to
angular, very pale orange (10 YR 8/2), some dark
iron oxide staining present; bottom 6 inches is sand,
fine, moderately sorted, subangular to angular,
very pale orange (10 YR 8/2)

No sample recovery 13.6-14
SAND, fine, moderately sorted, subangular to angular, 14-15
very pale orange, (10 YR 8/2); clay interlaminations
and clasts, dark yellowish orange (10 YR 6/6)
No sample recovery 15-16
SAND, fine, moderately sorted, subangular, very pale 16-16.8

orange (10 YR 8/2); mottled with clay lenses and a
few clay clasts, medium gray (N5); twigs at base

No sample recovery 16.8-18

SAND, fine, very pale orange (10 YR 8/2); with 18-19.8
small clay lenses, dark yellowish orange (10 YR 6/6)

No sample recovery 19.8-20.5

SAND, fine, well sorted, angular, medium gray (N5); 20.5-21.6

5 percent silt present

No sample recovery 21.6-22.7
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Table 8.--Lithologic logs for selected U.S. Geological Survey

monitoring wells--Continued

[Estimates of grain-size fractions, sediment composition, and fossil
content are based on microscopic examinatiions by a U.S. Geological
Survey geologist. Color Code Descriptiorj: Example--(10 YR 8/2)
Sand, fine, moderately sorted very pale drange. See Munsell Chart.

mm, millimeter]

Depth below

angular, olive gray (5 Y 4/1); 20 percent pebbles,
glauconite, phosphate and quartz pebbles,
subrounded; shell fragments, angular; 15 percent
silt; thin black carbonized lenses

54

Description land surface
(feet)
Well S1W4--Continued
Clayey SAND; sand fine, quartz, well sorted, |angular, 22.7-23.5
medium gray (N5) to medium dark gray (N4); bottom
4 inches is sand, quartz, bimodal with 65 percent very
fine to fine and 35 percent medium, subrounded to
angular, yellowish gray (5 Y 8/1)
No sample recovery 23.5-24
Silty SAND, top 3 inches fine sand, quartz, dark yellowish 24-25
orange (10 YR 6/6); l-inch layer of clay, dark gray
(N3); bottom 8 inches is sand, coarse, moderately sorted,
subrounded to subangular, medium dark gray (N4); with
clay lenses
No sample recovery 25-26
SAND, quartz, medium, moderately sorted, subrounded; 26-27.8
very light gray (N8) to medium light gray (N6)
No sample recovery 27.8-28
SAND, quartz, fine, well sorted, angular; very pale 28-29.4
orange (10 YR 8/2),; sparse very coarse subrounded
quartz grains; twigs at base |
No sample recovery ‘ 29.4-30
l
SAND, top 5 inches fine to medium, poorly sorted, 30-31.3
subangular to angular; very light gray (N8);
middle 6 inches is slightly granular sand, bimodal
with 70 percent medium (0.5 mm) subrounded sand and
30 percent coarse to very coarse subrounded to rounded
sand; medium gray (N5); phosphatic pebbles, shell
fragments; bottom 1 inch increases in silt
No sample recovery 31.3-33
Pebbly silty SAND; sand medium size, poorly sorted, 33-33.75



Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued

[Estimates of grain-size fractions, sediment composition, and fossil

content are based on microscopic examinations by a U.S. Geological

Survey geologist. Color Code Description: Example--(10 YR 8/2)

Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter]

Depth below

Description land surface
(feet)
Well S1W4--Continued
No sample recovery 33.75-34
Slightly silty SAND, sand fraction is 90 percent and 34-34.5

contains 90 percent quartz and 10 percent phosphatic
sand, medium sand size, well sorted, subangular to
angular, olive gray (5 Y 6/1), 5 to 10 percent silt
and clay, phosphate and quartz pebbles, thin black
carbonized lenses

Pebbly SAND; sand fraction is 90 percent and contains 34.5-35.4
95 percent quartz; 3 percent phosphate, and 2
percent shell fragments; coarse sand size (0.6 mm),
poorly sorted, rounded to subrounded; gravel
fraction is 10 percent and contains quartz, shell
fragments, and phosphate pebbles; light gray (N8)
to light olive gray (5 Y 6/1); dark carbonaceous

layers
SAND; 95 percent quartz and rare phosphate, glauconite, 35.4-35.8
and sand-sized shell fragments; bimodal, 65 percent 36-37

medium (0.25 mm) and 35 percent coarse (0.7 mm) sand;
moderately sorted, subround to subangular; very light
gray (N8); rare pebble-sized shell fragments

Pebbly slightly silty SAND; 80 percent sand, medium, 37-37.75
light olive gray (5 Y 6/1) to medium light gray (N6);
10 percent silt and clay; 10 percent quartz and
phosphate pebbles, shell fragments

No sample recovery 37.75-38

Pebbly SAND; 85 percent sand, medium, very light gray 38-39
(N8); 15 percent quartz and phosphate pebbles, shell
fragments

Sandy CLAY with 30 percent silt size and 40 percent 39-40
clay size; 30 percent sand fraction is 30 percent 40.6-41.8

and contains 95 percent quartz and 5 percent
phosphate, sand fine, moderately sorted, subangular,
olive gray (5 Y 4/1) to dark greenish gray (5 GY 4/1);
rare mica flakes
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Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued

[Estimates of grain-size fractions, sediment composition, and fossil

content are based on microscopic examinations by a U.S. Geological

Survey geologist. Color Code Description: Example--(10 YR 8/2)

Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter]

Depth below
Description land surface
(feet)

Well S1W4--Continued

Silty SAND; sand fraction is 70 percent and contains 41.8-44.4
90 percent quartz and 10 percent phosphatic sand,
fine sand, poorly sorted, angular; dark greenish gray
(5 GY 4/1); 30 percent silt and clay

Silty SAND; sand fraction is 70-80 percent and 44 . 4-46
contains 95 percent quartz and 5 percent phosphatic 46 .4-48
sand, fine sand, moderately sorted, angular, dark 48-49 .4
greenish gray (5 GY 4/1); 20-30 percent silt and 50.8-52
clay

SAND; 90 percent quartz, 6 percent phosphate], and 52-53

4 percent sand-sized shell fragments; fine! to
coarse sand, very poorly sorted, subrounded, light
olive gray (5 Y 6/1); phosphate pebbles, shell
fragments

Slightly silty SAND; sand fraction is 90 percent and 53-54
contains 95 percent quartz and 5 percent phosphatic
sand, fine sand, well sorted, subangular; dark
greenish gray (5 GY 4/1); 10 percent silt and clay;
quartz and phosphate pebbles

No sample recovery 54-54.25

Silty SAND; sand fraction is 80 percent and tontains 54.25-58
90 percent quartz, 10 percent phosphatic and
glauconitic sand; fine sand, moderately sorted,
angular; dark greenish gray (5 GY 4/1); 20 percent
silt and clay

Silty SAND to sandy SILT; 40-50 percent silt and clay; 58-59.75
50-60 percent sand contains 95 percent quartz; 5
percent phosphatic and glauconitic sand; dark
greenish gray (5 GY 4/1); phosphate pebble

No sample recovery 59.75-60.25

Silty SAND; sand fraction is 70 percent and contains 60.25-62
95 percent quartz, 5 percent phosphatic and
glauconitic sand; fine sand, moderately sorted,
angular; greenish gray (5 GY 6/1); 30 percent silt
and clay; abundant weathering and leached shells;
phosphate pebbles
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Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued
[Estimates of grain-size fractions, sediment composition, and fossil
content are based on microscopic examinations by a U.S. Geological
Survey geologist. Color Code Description: Example--(10 YR 8/2)
Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter]

Depth below
Description land surface
(feet)

Well S1W4--Continued

Pebbly silty SAND; sand fraction is 70-80 percent 62-64
and contains 95 percent quartz, 5 percent shell
fragments and phosphatic sand; coarse sand,
moderately sorted, subrounded, olive gray (5 Y 4/1);
20-30 percent silt; 10 percent quartz and phosphate
pebbles; shell fragments; mica flakes, possible wood
chips; bottom 4 inches increases in percent silt and
decreases in pebbles

Silty SAND to sandy SILT; sand fraction is 60 percent 64-66.25
and contains 90 percent quartz and 10 percent
phosphatic sand, fine to medium sand, well sorted,
subangular; light olive gray (5 Y 6/1); 40 percent
silt and clay

Slighty silty SAND; sand fraction is 90 percent and 66.25-67.75
contains 95 percent quartz and 5 percent phosphate;
medium sand, moderately sorted, subrounded; light olive
gray (5 Y 6/1); 10 percent silt and clay; rare
quartz and phosphate pebbles

No sample recovery 67.75-68

Pebbly SAND; sand fraction is 80 percent and contains 68-69
95 percent quartz and 5 percent phosphate; very
coarse sand, well sorted, rounded to subrounded;
yellowish gray (5 Y 8/1); 20 percent gravel
fraction contains shell fragments, quartz and
phosphate pebbles

Slightly pebbly, slightly silty SAND; sand fraction is 69-69.75
90 percent and contains 95 percent quartz, 4 percent
phosphate and 1 percent shell fragments; medium
sand, very well sorted, subrounded to subangular;
light olive gray (5 Y 4/1); 5 percent silt; 5
percent rounded phosphate and quartz pebbles;
weathered and leached out shells; base increases
in grain size to coarse and very coarse slightly
silty sand

No sample recovery 69.75-70

57



Table 8.--Lithologic logs for selected U.S. Geological Survey

monitoring wells--Continued

[Estimates of grain-size fractions, sediment composition, and fossil
content are based on microscopic examinations by a U.S. Geological
Survey geologist. Color Code Description: Example--(10 YR 8/2)
Sand, fine, moderately sorted very pale orange. See Munsell Chart.

mm, millimeter]

Description !

Depth below
land surface
(feet)

Well SlW4--Contibued

Silty SAND; sand fraction is 75 percent and contains
95 percent quartz and 5 percent phosphatic sand;
fine sand, moderately sorted, subrounded tlo
subangular; yellowish gray (5 Y 8/1); 20 percent
silt; 5 percent quartz and phosphate pebbles; rare
shell fragments

No sample recovery--refusal from semi-cemented sediments

Slightly pebbly silty SAND; sand fraction is
75 percent and contains 95 percent quartz and 5
percent phosphatic sand; medium sand size,
moderately sorted, subangular to subrounded;
light olive gray (5 Y 6/1); 20 percent silt;
5 percent phosphate and quartz pebbles, shell
fragments

|

No sample recovery--refusal from semi-cemented sediments

Slightly silty SAND, slightly cemented; sand
fraction is 90 percent and contains 95 percent
quartz and 5 percent phosphatic sand; medium
sand size, very well sorted, subrounded to
subangular; light olive gray (5 Y 6/1); 10
percent silt; layer of quartz and phosphatie
pebbles and shell fragments at 80.25 to Bq.h feet

|

No sample recovery--refusal from semi-cemented sediments

Slightly silty SAND, slightly cemented; sand
fraction is 90 percent and contains 95 percent
quartz, 5 percent phosphatic and glauconitic
sand; medium sand size, moderately sorted, rounded
to subround; light olive gray (5 Y 6/1); HO percent
silt; phosphatized fish teeth

Rotary drill through lenses of semi-cementel sediments

Silty SAND, cemented with 30 percent silt; sand
fraction is 70 percent and contains 80 percent
quartz, 15 percent shell fragments, and 5
percent phosphatic sand; coarse sand size, poorly
sorted, subrounded; light olive gray (5 Y 6/1)
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71-75
75-75.8

75.8-80
80-81
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Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued

[Estimates of grain-size fractions, sediment composition, and fossil

content are based on microscopic examinations by a U.S. Geological

Survey geologist. Color Code Description: Example--(10 YR 8/2)

Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter]

Depth below

Description land surface
(feet)

Well S1W4--Continued

Rotary drill through sediments 91-100

SAND; quartz and rare phosphatic sand, fine to 100-101
medium, moderately sorted, subangular to angular;
light olive gray (5 Y 6/1); 10 percent of sand
fraction is coarse to very coarse sand; 5 percent
silt; mica flakes

Silty SAND; 40 percent silt; sand fraction is 55 percent 101-101.25
and contains 90 percent quartz and 10 percent phosphatic 102-104
sand, moderately sorted, angular; dark greenish gray
(5 GY 4/1); 5 percent quartz and phosphate pebbles;
weathered and leached out shells

Boring terminated at 104 feet below land surface.

Wells S2W1 and S2W2

Section drilled through with hollow-stem auger--no 0-5
sample taken

SAND; quartz, fine, moderately sorted, angular, 5-6
grayish orange (10 YR 7/4); twigs

Hollow-stem auger drilling--no sample taken 6-10

CLAY and SAND; top 5 inches clay with sand lenses, 10-11.6

light gray (N7); middle 9 inches fine sand, 97 percent
quartz and 3 percent phosphatic sand, well sorted,
angular, white (N9); bottom 5 inches clay with sand
lenses, grayish orange (10 YR 7/4)

Portion of split-spoon sample not recovered 11.6-12
Hollow-stem auger drilling--no sample taken 12-15
CLAY and SAND; fine sand, 94 percent quartz, 5 percent 15-17

phosphatic sand and 1 percent glauconitic sand, very
well sorted, angular, light gray (N7); clay clasts
and lenses common
Hollow-stem auger drilling--no sample taken 17-20

Portion of split-spoon sample not recovered 20-20.4
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Table 8.--Lithologic logs for selected U.S. Geological Survey

monitoring wells--Continued

[Estimates of grain-size fractions, sediment composition, and fossil
content are based on microscopic examinations by a U.S. Geological
Survey geologist. Color Code Description: Example--(10 YR 8/2)
Sand, fine, moderately sorted very pale orange. See Munsell Chart.

mm, millimeter]

Depth below

Description land surface
(feet)
Wells S2W1l and S2W2--Continued
CLAY and SAND; top 3 inches clay, medium light gray (N6); 20.4-22
middle 12 inches fine to coarse sand, quartz, poorly
sorted, subrounded to angular, light gray (N7),
few clay lenses several centimeters thick, rare
carbonized wood chips and twigs; bottom 4 inches fine
sand, 98 percent quartz and 2 percent phosphate, very
well sorted, angular, white (N9)
Hollow-stem auger drilling--no sample taken 22-25
SAND; fine, 98 percent quartz and 2 percent phosphate, 25-26.4
very well sorted, angular, white (N9); witF clay clasts
and lenses, medium light gray (N6); twigs
|
Silty SAND; fine, sand fraction is 65 percent and contains 26.4-27
98 percent quartz and 2 percent phosphate,| moderately
sorted, subrounded to angular, light gray (N7); 35
percent silt
Hollow-stem auger drilling--no sample taken 27-31
Slightly silty SAND; sand fraction is 90 percent and 31-32.3
contains 97 percent quartz and 3 percent phosphatic
sand, bimodal, fine subangular to coarse rounded sand,
poorly sorted, rounded to subangular; light olive gray
(5 Y 6/1); rare clay interlaminations
Pebbly SAND; sand fraction is 70 percent and contains 60 32.3-33
percent quartz, 30 percent shell fragments and 10 percent
phosphatic sand, coarse to very coarse sand size,
moderately sorted, rounded to subrounded; light olive
gray (5 Y 6/1); 5 percent silt; gravel fraction is 25
percent and contains rounded phosphate and quartz pebbles,
and shell fragments, zone is 3 inches thick; bottom 5
inches is sand, fine to medium, quartz and rare phosphatic
sand, moderately sorted, subrounded to angular, dusky
yellow (5 Y 6/4); abundant sand and fine pebble-sized
shell fragments
Hollow-stem auger drilling--no sample taken 33-35
SAND; top 5 inches medium sand, shell fragments, light gray 35-36

(N7); middle 5 inches pebbly sand, medium to coarse sand
rounded fine quartz and phosphate pebbles, weathering
shells and shell fragments, yellowish gray (5 Y 7/2)
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Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued
[Estimates of grain-size fractions, sediment composition, and fossil
content are based on microscopic examinations by a U.S. Geological
Survey geologist. Color Code Description: Example--(10 YR 8/2)
Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter]

Depth below

Description land surface
(feet)
Wells S2W1 and S2W2--Continued
Portion of split-spoon sample not recovered 36-37
Hollow-stem auger drilling--no sample taken 37-38
Sandy SILT; sand fraction is 50 percent and contains 38-40

quartz and shell fragments, very fine to fine sand,
well sorted, subangular; yellowish gray (5 Y 7/2);
45 percent silt; weathered and leached out shells

Silty SAND; sand fraction is 80 percent and contains 40-42
85 percent quartz, 10 percent shell fragments and 5
percent phosphatic sand, medium sand size, moderately
sorted, subrounded; gravel fraction is 20 percent and
contains rounded fine quartz and phosphate pebbles, and
angular shell fragments; 10 percent silt; yellowish gray
(5 Y 7/2); bottom 10 inches decrease in pebble fraction
to 5 percent, color change to olive gray (5 Y 5/2)

Hollow-stem auger drilling--no sample taken 42-45

Sandy SILT to silty SAND; sand fraction is 40 percent and 45-47
contains 90 percent quartz and 3 percent phosphatic and
7 percent glauconitic sand, fine sand size, well sorted,
angular; 60 percent silt; light olive gray (5 Y 5/2);
no fossils observed; silt fraction decreases to
15 percent at bottom

Hollow-stem auger drilling--no sample taken 47-50

Silty SAND; sand fractions is 65 percent and contains 95 50-52
percent quartz, 3 percent phosphatic and 2 percent
glauconitic sand, fine sand size, well sorted, angular;
light olive gray (5 Y 5/2); 35 percent silt; rare
phosphate pebbles, no fossils observed

Mud-rotary drilling--no sample taken 52-55
Portion of split-spoon sample not recovered 55-57
Mud-rotary drilling--no sample taken 57-60
Silty SAND; quartz and rare phosphatic sand, coarse sand, 60-61

moderately sorted, subrounded; 20 percent silt;
yellowish gray (5 Y 7/2); few quartz and phosphate
pebbles, shell fragments
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Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued
[Estimates of grain-size fractions, sediment composition, and fossil
content are based on microscopic examinations by a U.S. Geological
Survey geologist. Color Code Description: Example--(10 YR 8/2)
Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter]

Depth below

Description land surface
(feet)
Wells S2W1 and S2W2--montinued
Portion of split-spoon sample not recovered 61-62
i
Mud-rotary drilling--no sample taken ‘ 62-65
Portion of split-spoon sample not recovered 65-67
Mud-rotary drilling--no sample taken 67-70
SAND, quartz and phosphatic sand, coarse sand, 70-71

moderately sorted, subrounded, very light
gray (N8); few quartz and phosphate pebbles,
shell fragments

Portion of split-spoon sample not recovered 71-72
Mud-rotary drilling--no sample taken 72-75
SAND, semi-indurated, coarse sand, quartz and rare 75-75.2

phosphatic sand, moderately sorted, subrounded;
5 percent silt; very light gray (N7) to light gray (N8);
shells molds and weathered shells

Portion of split-spoon sample not recovered 75.2-76
Mud-rotary drilling--no sample taken | 76-80
Slightly pebbly silty SAND; sand fraction is|55 percent 80-81

quartz, coarse to very coarse sand, poorly’
sorted, subrounded to rounded; 40 percent s$ilt; 5
percent fine quartz and phosphate pebbles; shell
fragments; very light gray (N8)

Portion of split-spoon sample not recovered | 81-82
Mud-rotary drilling--no sample taken 82-85
Silty SAND; top 1 inch is composed of semi-indurated 85-86

sand, then 3 inches of olive gray (5 Y 3/2) muddy sand
bottom 8 inches is silty sand, medium, sand fraction is
80 percent and contains quartz and phosphatic sand,
well sorted, subrounded; 20 percent silt; very light
gray (N8); few shell fragments

Portion of split-spoon sample not recovered 86-87
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Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued
[Estimates of grain-size fractions, sediment composition, and fossil
content are based on microscopic examinations by a U.S. Geological
Survey geologist. Color Code Description: Example--(10 YR 8/2)
Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter]

Depth below

Description land surface
(feet)
Wells S2W1 and S2W2--Continued
Mud-rotary drilling--no sample taken 87-90
SAND; semi-indurated, very fine to very coarse, 90-90.3

quartz and phosphatic sand, poorly sorted; shell
fragments; very light gray (N8)

Portion of split-spoon sample not recovered 90.3-91
Mud-rotary drilling--no sample taken 91-95
Portion of split-spoon sample not recovered 95-97
Mud-rotary drilling--no sample taken 97-100
Sandy SILT; 55 percent silt; sand fraction is 45 100-102

percent and contains 95 percent quartz and 5 percent
phosphatic sand, fine sand, very well sorted, angular;
light olive gray (5 Y 5/2); weathering and leached
mollusk shells

Boring terminated at 102 feet below land surface.

Wells S3W1l and S3W2

Section drilled through with hollow-stem auger-- 0-5
no sample taken

SAND; quartz, medium, moderately sorted, angular; very 5-6.4
pale orange (10 YR 8/2)

Portion of split-spoon sample not recovered 6.4-7

Hollow-stem auger drilling--no sample taken 7-10

MUD and SAND; top 4 inches mostly mud, very light gray 10-11

(N8), with medium sand lenses, very pale orange
(10 YR 8/2); bottom 8 inches sand, medium, well sorted,
subrounded to subangular, very pale orange (10 YR 8/2)
Portion of split-spoon sample not recovered 11-12

Hollow-stem suger drilling--no sample taken 12-15
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Table 8.--Lithologic logs for selectéd U.S. Geological Survey
monitoring wells--C}ztinued

[Estimates of grain-size fractions, sediment composition, and fossil

content are based on microscopic examinations by a U.S. Geological

Survey geologist. Color Code Description: Example--(10 YR 8/2)

Sand, fine, moderately sorted very pale lorange. See Munsell Chart.
mm, millimeteﬁ]

Depth below
Description land surface
(feet)

Wells S3Wl and S3W2--Continued

SAND; quartz and rare phosphatic sand, medium sand, 15-17
moderately sorted, subrounded; very pale drange
(10 YR 8/2); thin (1 mm) mud lenses, very light
gray (N8); few twigs

Hollow-stem auger drilling--no sample taken 17-20

SAND; quartz, bimodal with 50 percent angular fine sand 20-22
(0.18 mm) and 50 percent subrounded medium sand (0.4 mm);
pale yellowish orange (10 YR 8/2); clay clasts at top,
very light gray (N8); grain size increases towards
base to medium sand, well sorted, subrounded

Hollow-stem auger drilling--no sample taken 22-25

SAND; quartz, fine to medium, moderately sorted, 25-26
subrounded to angular; very pale orange (10 YR 8/2);
clay clasts and quartz fine pebbles near top; similiar
to interval described above

Portion of split-spoon sample not recovered 26-27
Hollow-stem auger drilling--no sample taken , 27-30
SAND; quartz and rare phosphatic sand, fine |[to medium 30-31

sand, moderately sorted, subrounded; very}pale orange

(10 YR 8/2) ‘
Portion of split-spoon sample not recovered 31-32
Hollow-stem auger drilling--no sample taken 32-35
SAND; quartz, medium sand, moderately sorted, subrounded, 35-36

very pale orange (10 YR 8/2); few wood fragments

at base . ‘

|

Portion of split-spoon sample not recovered} 36-37
Hollow-stem auger drilling--no sample taken 37-40
SAND; quartz, medium sand, moderately sorted, subrounded 40-42

to angular; very pale orange (10 YR 8/2); rare
wood fragments; sand size fine to medium towards base

Hollow-stem auger drilling--no sample taken 42-45

64



Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued
[Estimates ot grain-size fractions, sediment composition, and fossil
content are based on microscopic examinations by a U.S. Geological
Survey geologist. Color Code Description: Example--(10 YR 8/2)
Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter]

Depth below
Description land surface
(feet)

Wells S3W1l and S3W2--Continued

SAND; quartz, fine to medium sand, well sorted, subrounded 45-47
to angular; very pale orange (10 YR 8/2); thin (1 mm)
mud lense at 46 feet, medium gray (N5)

Hollow-stem auger drilling--no sample taken. 47-50

SAND; quartz, medium sand, well sorted, subrounded to 50-52
subangular; very pale orange (10 YR 8/2); rare
mud clasts

Hollow-stem auger drilling--no sample taken 52-55

SAND; quartz ane rare phosphatic sand, bimodal with 75 55-56
percent medium and 25 percent very coarse sand, poorly

sorted, rounded to subrounded; very pale orange
(10 YR 8/2); twigs rare

Transition zone: Iron-oxidized zone 1l-inch thick 56-56.1

Silty SAND; sand fraction is 90 percent, medium to coarse 56.1-56.7
sand, poorly sorted, subrounded to subangular;
highly organic peaty zone; dark gray (N3);
carbonaceous cypress twigs, sparse quartz pebbles;
10 percent silt size organic matter

Pebbly muddy SAND; sand fraction is 70 percent and 56.7-57
contains 90 percent quartz, 7 percent glauconitic and
3 percent phosphatic sand, fine sand, well sorted,
angular; 20 percent mud containing 65 percent silt and
35 percent clay; 10 percent gravel fraction contains
quartz and phosphate pebbles; olive gray (5 Y 4/1);
highly organic-rich zone, wood fragments

Portion of split-spoon sample not recovered 57-58
Mud-rotary drilling--no sample taken 58-61
Silty SAND; sand fraction is 60 percent and contains 95 61-62.4

quartz and 5 percent phosphatic sand, medium sand,
moderately sorted, subrounded to angular; 40 percent
silt; leached and weathered out mollusk shells;
phosphatized fish teeth. Wash?

Portion of split-spoon sample not recovered 62.4-63
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Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued

[Estimates of grain-size fractions, sediment composition, and fossil

content are based on microscopic examinations by a U.S. Geological

Survey geologist. Color Code Description: Example--(10 YR 8/2)

Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter]

Depth below

Description ‘ land surface
) (feet)
Wells S3Wl and $3W2--Continued
Mud-rotary drilling--no sample taken 63-65
Slightly silty SAND; sand fraction is 85 percent and 65-66

contains 95 percent quartz and 5 percent phosphatic sand,
fine sand, well sorted, angular; 10 percent silt; pale
olive (10 YR 6/2); weathered and leached mollusk shells

Portion of split-spoon sample not recovered 66-67
Mud-rotary drilling--no sample taken 67-70
Portion of split-spoon sample not recovered 70-72
Mud-rotary drilling--no sample taken 72-75
Slightly silty SAND; sand fraction is 85 percent and 75-77
contains 93 percent quartz and 3 percent phosphatic 81-81.25

sand, fine sand, well sorted, angular; 10 percent silt;
yellowish gray (5 Y 7/2) to light olive gray (5 Y 5/2);
weathered and leached out mollusk shells display darker
color bands

Portion of split-spoon sample not recovered 81.25-82
Mud-rotary drilling--no sample taken i 82-85
\

SAND; semi-indurated, fine to medium; quartﬂ and rare 85-85.3

phosphatic and glauconitic sand, phosphate pebbles;

medium dark gray (N4)
Silty SAND; sand fraction is 75 percent and contains 90 85.3-85.6

percent quartz and 10 percent phosphatic sand, medium

sand, moderately sorted, angular; 25 percent silt;

light olive gray (5 Y 5/2); quartz pebbles common,

weathered mollusk shells ‘
Portion of split-spoon sample not recovered 85.6-87
Mud-rotary drilling--no sample taken 87-90
Portion of split-spoon sample not recovered 90-92
Mud-rotary drilling--no sample taken 92-95
Portion of split-spoon sample not recovered 95-97
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Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued
[Estimates of grain-size fractions, sediment composition, and fossil
content are based on microscopic examinations by a U.S. Geological
Survey geologist. Color Code Description: Example--(10 YR 8/2)
Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter]

Depth below

Description land surface
(feet)
Wells S3W1l and S3W2--Continued
Mud-rotary drilling--no sample taken 97-100
Sandy SILT; 70 percent silt; sand fraction is 30 percent 100-102

and contains 92 percent quartz, 4 percent phosphate,

3 percent glauconite, and 1 percent shell fragments,
fine sand; light olive green (5 Y 5/2); weathering and
leached mollusk shells

Boring terminated at 102 feet below land surface.

Wells S4W1 and S4W2

Section drilled through with hollow-stem auger-- 0-5
no sample taken
SAND, quartz, fine, well sorted, angular, yellowish gray 5-6.25
(5Y 5/2); few clay clasts and lenses at base
Portion of split-spoon sample not recovered 6.25-7
Hollow-stem auger drilling--no sample taken 7-10
CLAY, olive gray (5 Y 3/2); sand lenses and 10-12

interlaminations, sand fine, very well sorted,
angular, very light gray (N8); no fossils observed

Hollow-stem auger drilling--no sample taken 12-15

SAND, quartz, bimodal with 70 percent fine and 30 percent 15-17
coarse sand, poorly sorted, rounded to angular, very pale
orange (10 YR 8/2) to grayish orange (10 YR 7/4); clay
clasts and interlaminations

Hollow-stem auger drilling--no sample taken 17-20

Silty SAND; sand fraction is 80 percent and contains 98 20-22
percent quartz, 1 percent phosphatic and 1 percent
glauconitic sand, fine sand, very well sorted, subangular
to angular; 20 percent silt; yellowish gray (5 Y 7/2) to
pale olive (10 YR 6/2); clay clasts and interlaminations,
olive gray (5 Y 3/2)

Hollow-stem auger drilling--no sample taken 22-25
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Table 8.--Lithologic Iogs for selected U.S. Geological Survey
monitoring wells--Continued

[Estimates of grain-size fractions, sediment composition, and fossil

content are based on microscopic examinations by a U.S. Geological

Survey geologist. Color Code Description: Example--(10 YR 8/2)

Sand, fine, moderately sorted very pale |orange. See Munsell Chart.
mm, millimeter]

} Depth below
‘ land surface

(feet)

Description

Wells S4W1 and S4W2--Continued

Slightly silty SAND; sand fraction is 90 percent and 25-27
contains 95 percent quartz and 5 percent phosphatic sand,
fine sand, very well sorted, subangular to angular; 10
percent silt; yellowish gray (5 Y 7/2) to pale olive
(10 Y 6/2); clay clasts

Hollow-stem auger drilling--no sample taken 27-30

Slightly silty SAND; sand fraction is 90 percent and 30-32
contains 95 percent quartz and 5 percent phosphatic sand,
fine sand, very well sorted, angular; 10 percent silt;
light gray (N7); fine pebble-sized clay clasts and
interlaminations; burrowing ‘

Hollow-stem auger drilling--no sample taken ' 32-35

|
Slightly silty SAND; sand fraction is 90 peﬂcent and 35-36
contains 95 percent quartz and 5 percent phosphatic sand,
fine sand, very well sorted, angular; 10 percent silt;
pale olive (10 Y 6/2) to light gray (N7); clay clasts

Silty SAND; 75 percent sand, medium, moderately sorted, 36-37
subangular; 25 percent silt; quartz pebbles, dark
organic-rich layers (1 centimeter thick); light olive
gray (5 Y 5/2)

Hollow-stem auger drilling--no sample taken 37-40

Silty SAND; sand fraction is 85 percent and contains 94 40-41.25
percent quartz and 5 percent phosphatic sand, fine sand,
very well sorted, angular; 15 percent silt; light olive
gray (5 Y 5/2); quartz pebbles

Muddy SAND; sand fraction is 85 percent and contains 95 41.25-42
percent quartz and 5 percent phosphatic sand, medium sand,
well sorted, subrounded to subangular; 15 percent mud
containing 70 percent silt and 30 percent Elay; light
olive gray (5 Y 5/2); clay clasts and lenses, quartz
pebbles, leached out shells, black organic‘rich clayey
layer

Hollow-stem auger drilling--no sample taken 42-45
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Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued

[Estimates of grain-size fractions, sediment composition, and fossil

content are based on microscopic examinations by a U.S. Geological

Survey geologist. Color Code Description: Example--(10 YR 8/2)

Sand, fine, moderately sorted very pale orange. See Munsell Chart.
mm, millimeter]

Depth below
Description land surface
(feet)

Wells S4W1 and S4W2--Continued

Silty SAND; sand fraction is 85 percent and contains 90 45-47
percent quartz and 10 percent phosphatic sand, medium
sand, very well sorted, angular; 15 percent silt; light
olive gray (5 Y 5/2) to olive gray (5 Y 3/2)

Hollow-stem auger drilling--no sample taken 47-50
Portion of split-spoon sample not recovered 50-51
Silty SAND; top 2 inches sandy mud, fine sand, olive gray 51-52

(5 Y 3/2); sand fraction is 75 percent and contains

95 percent quartz, 3 percent glauconitic and phosphatic
sand, well sorted, angular; 25 percent silt; light
olive gray (5 Y 5/2)

Mud, rotary drilling--no sample taken 52-60

Silty SAND; sand fraction is 80 percent and contains 90 60-61
percent quartz, 7 percent glauconitic and 3 percent
phosphatic sand, fine sand, well sorted, angular; 20
percent silt; light olive gray (5 Y 5/2) to yellowish
gray (5 Y 3/2); shell fragments, phosphatized fish teeth

Portion of split-spoon sample not recovered 61-62
Mud-rotary drilling--no sample taken 62-65
Pebbly Silty SAND; sand fraction is 55 percent and 65-67

contains 95 percent quartz and 5 percent phosphate,
medium to very coarse sand, poorly sorted, rounded to
angular; 30 percent silt; 15 percent rounded quartz and
phosphate fine pebbles; yellowish gray (5 Y 7/2)

Mud-rotary drilling---no sample taken 67-70
Portion of split-spoon sample not recovered 70-72
Mud-rotary drilling--no sample taken 72-75
Portion of split-spoon sample not recovered 75-77
Mud-rotary drilling--no sample taken 77-80
Portion of split-spoon sample not recovered 80-82
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Table 8.--Lithologic logs for selected U.S. Geological Survey
monitoring wells--Continued
[Estimates of grain-size fractions, sediment composition, and fossil
content are based on microscopic examinations by a U.S. Geological
Survey geologist. Color Code Description: Example--(10 YR 8/2)

Sand, fine, moderat