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CONVERSION FACTORS AND ABBREVIATIONS

Multiply inch-pound unit

inch (in.)
foot (ft)
mile (mi)

acre
square mile (mi?)

gallon (gal)
cubic foot (ft3)

cubic foot per second
(£e8/s)

gallon per day
(gal/d)

pound, avoirdupois (1b)

degree Fahrenheit (°F)

foot squared per day
(££2/4)

by
Length

25.4
0.3048
1.609

0.4047
259.0

Volume

3.785
0.02832

Flow

0.02832

0.003785

Mass

0.4536

Temperature

°C = 5/9 x (°F-32)

Transmissivity

0.09290

To obtain SI unit

millimeter (mm)
meter (m)
kilometer (km)

hectare (ha)
hectare (ha)

liter (L)
cubic meter (m3)

cubic meter per second
(m3/s)
cubic meter per day

(m3/d)

kilogram (k)

degree Celsius (°C)

meter squared per day

(m2/d)

Sea_level: In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a
general adjustment of the first-order level nets of both the United States
and Canada, formerly called "Sea Level Datum of 1929."

vii



ASSESSMENT OF CONTAMINATION OF GROUND WATER AND SURFACE WATER
IN THE AREA OF BUILDING 24, PICATINNY
ARSENAL, NEW JERSEY, 1986-87

By B. Pierre Sargent, Thomas V. Fusillo,
Donald A. Storck, and James A. Smith

ABSTRACT

A zone of contaminated ground water at Picatinny Arsenal, New Jersey,
has resulted from the operation of a metal-plating wastewater-treatment
system from 1960 through 1981. Contaminants entered the ground-water system
through surface sand filtration beds used in wastewater treatment. In order
to define the extent of ground-water contamination, a drive-point reconnais-
sance survey was conducted in 1986 to determine the optimum locations for
wells. Twenty-seven wells were subsequently installed using the hollow-
stem-auger method and six wells were installed using the mud-rotary method.
These wells and 27 existing wells were sampled in 1987 for analysis of
inorganic constituents, trace elements, volatile organic compounds, and
nutrients. Eleven of these wells also were sampled for analysis of
base/neutral- and acid-extractable compounds and pesticides. Soil gas in
the unsaturated zone was sampled for analysis for the presence of volatile
organic compounds by using soil-gas probes at six sites. In addition,
surface-water samples were collected at three sites in Green Pond Brook to
determine whether volatile organic compounds were present.

Trichloroethylene, the primary organic contaminant in the study area,
was found in the ground water in concentrations of up to 44,000 micrograms
per liter. The contaminated zone originates in the area of building 24 and
extends 1,600 feet downgradient in a shallow unconfined aquifer. This zone
is approximately 400 to 800 feet wide and extends downward about 50 feet
into an unconfined aquifer. Contaminants also were detected in water from
an underlying deep, confined aquifer.

Although inorganic constituents were found in elevated concentrations
within the trichloroethylene plume, only chloride was detected in
concentrations greater than the Federal drinking-water regulation of 250
milligrams per liter. Trace metals and cyanide were present in the building
24 wastewater; however, these compounds have not been detected in elevated
concentrations downgradient from the source. Polychlorinated biphenyl 1260
was detected in one ground-water sample from a well in an adjacent area. If
contaminants are assumed to move with ground water by advection, the

estimated average velocity of contaminant movement is 0.42 to 1.8 feet per
day.

Surface water in Green Pond Brook contained trichloroethylene in
concentrations that ranged from the detection limit (3.0 micrograms per
liter) to 3.8 micrograms per liter. Volatilization is expected to remove
volatile organic compounds in the steep, fast-flowing reaches of the brook.
Concentrations of trichloroethylene in five soil-gas samples were 1,000
nanograms per liter or greater. Both tetrachoroethylene and
dichloroethylene also were detected in some soil-gas samples at maximum
concentrations of 130 nanograms per liter.



INTRODUCTION

Picatinny Arsenal is located just north of the Wisconsin terminal
moraine in north-central New Jersey (fig. 1). At the installation,
officially known since 1986 as the U.S. Army Armament Research Development
and Engineering Center, about 5,500 people are employed in research and
development of munitions and weapons. (The installation previously was
known as the U.S. Army Armament Research and Development Command (1978-83)
and the U.S. Army Armament Research and Development Center (1983-86).) The
arsenal encompasses more than 1,500 buildings ?n 6,491 acres.

The site of the arsenal has a long industrial history. Middle Forge,
one of the first forges in New Jersey, was established there in 1749. The
forge later became part of Mount Hope Iron Works, which provided cannon shot
and other iron implements for the Revolutionary War. In 1880, the U.S. War
Department established the Picatinny Powder Works at the site, and, since
1907, as a result of expanding activities, thel!/facility has been known as
Picatinny Arsenal. During World War I, the arsenal produced many types of
ammunition; during World War II production was expanded to include bombs,
high explosives, pyrotechnics, and other ordnance items. In recent years,
the arsenal’s mission has shifted to research and development of large-
caliber munitions.

The arsenal is situated in an elongated valley that extends northeast-
southwest. The valley is bounded by Green Pond Mountain on the west,
Copperas Mountain on the northeast, and an unnamed mountain on the east and
southwest (fig. 2). Green Pond and Cooperas Mountains are rugged with
steep, rocky slopes and altitudes exceeding 1,200 ft (feet). The slopes on
the eastern boundary are less rugged and less steep, with maximum elevations
of about 1,100 ft.
|

Background

In March 1981, during an investigation by the U.S. Army Environmental
Hygiene Agency (USAEHA), water samples from two water-supply wells in the
area southwest of Picatinny Lake were found to be contaminated with volatile
organic compounds (VOCs)--specifically, chlorinated solvents (Foster Wheeler
USA Corporation, 1987). Further investigation by USAEHA and Picatinny
Arsenal employees identified the metal-plating shop in building 24 as a
possible source of the contamination because trichloroethylene (TCE) and
other chlorinated solvents had been used in metal-degreasing operations at
the shop. ‘

In 1982, the U.S. Geological Survey (USGS), at the request of the U.S.
Army, became involved in an assessment of the water resources of the
arsenal. Initial USGS efforts included (1) surface-geophysical surveys, (2)
supervision of test-drilling and installation of observation wells by the
U.S. Army Corps of Engineers, (3) collection of water-level data, (4)
aquifer tests, (5) establishment of stream-ga‘ing stations, (6) base-flow
seepage measurements, (7) sampling and analysils of surface and ground water,
and (8) development of a computerized data base for surface-water and
hydrogeologic data.



























































































































Table 5.--Results of analyses of drive-point water samples for selected chemical characteristics, constituents
and_trace metals--continued

Local Ortho- Organic i . Silica
identifier! Phosphorus Fhos ate carbon Calcium Magnesium Sodium Potassium Chloride Sulfate (SiQ2)
(P00665) P00671) (PO0681) (PO0915) (PO0925)  (PO0930) (P00935)  (PO0940) (P00945) (PO09S5)

A-1-10 0.01 <0.01 1.5 46 18 50 3.4 69 42 13
A-1-20 .03 .01 1.0 52 25 32 2.3 82 34 16
A-1-30 .04 .04 1.7 21 1.4 8.5 1.2 2.1 13 9.8
A-1-40 06 .06 0.9 25 1.5 12 1.2 1.2 9.5 10
A-1-50 .07 .07 .6 27 1.2 11 0.9 1.1 9.2 10
A-2-10 01 <.01 1.6 35 19 33 4 43 62 12
A-2-15 01 <.01 1.9 50 23 71 2.9 86 83 16
A-2-25 .04 .04 .8 35 8.7 12 1.2 18 24 12
A-2-40 <.01 <.01 1.7 15 5.8 34 1.1 44 19 11
A-2-50 <.01 <.01 1.0 18 7.7 33 1.3 53 20 12
B-1-10 <.01 <.01 1.5 22 4.4 66 1.9 100 24 6.4
B-1-20 <.01 <.01 2.4 15 5.1 42 1.2 65 15 9.8
B-1-30 .02 . 1.9 28 15 31 1.5 53 20 17
B-1-40 .02 .02 1.5 40 19 26 1.7 50 20 17
B-1-45 .07 .07 2.6 23 7.8 3.4 .9 11 16 16
B-2-10 <.01 <.01 1.2 10 2.5 47 2.1 60 14 6.2
B-2-25 .01 <.01 1.9 11 2.6 76 2.6 100 14 7.1
B-2-35 .02 <.01 1.7 37 20 37 1.6 69 56 18
B-3-20 <.01 <.01 1.2 11 4.4 8.7 2.5 6.6 24 11
B-3-25 <.01 <.01 1.5 42 24 49 2.5 63 87 13
B-3-35 <.01 <.01 3.4 42 18 110 2.2 92 130 30
B-3-45 .02 .02 1.7 55 19 84 2.0 96 120 22
B-4-15 <.01 <.01 .5 8.9 1.7 17 1.5 14 18 6.4
B-4-25 <.01 <.01 A 19 4.7 27 3.8 50 21 8.9
B-4-35 .01 <.01 .6 34 19 32 3.7 68 23 15
B-4-47 .01 <.01 .8 35 17 3 1.9 65 21 20
c-3-10 <.01 <.01 2.1 21 4.5 130 2.3 170 56 5
c-3-20 <.01 <.01 2.1 16 4.2 44 3.1 55 32 11
c-3-30 <.01 <.01 1.8 12 3.9 66 2.1 71 64 20
C-3-40 <.01 <.01 2.1 30 16 79 2.4 73 77 23
c-3-50 .04 .04 2.2 39 17 14 1.8 38 41 18
C-4-15 .01 <.01 2.8 9.7 2 100 2.8 99 52 11
C-4-40 .02 <.01 2.1 30 17 84 3.4 98 100 26
D-1-15 <.01 <.01 8.1 21 2.9 38 5.8 36 18 6.7
D-1-25 <.01 <.01 3.2 6.9 1.6 63 2.5 44 36 7.5
D-1-35 .02 .01 8.7 4.4 1.0 120 2.0 86 40 8.7
D-1-45 <.01 .01 18 26 15 55 2.9 120 23 22
D-2-15 <.01 <.01 2.2 21 4.5 45 4.0 61 21 10
D-2-25 <.01 <.01 5.1 19 7.1 64 3.5 120 25 16
D-2-35 .03 <.01 2.0 18 6.1 46 4.1 77 29 18
D-2-45 .02 <.01 .8 27 12 46 2.7 82 38 18
D-2-50 <.01 <.01 .8 42 22 49 3.3 88 44 27
E-2-10 . . 48 6.7 .8 130 2.8 20 48 5.7
E-2-17 .12 06 33 2.3 .2 88 1.1 29 58 8.5
E-2-30 .28 27 4.0 9.3 .3 81 1.8 40 36 1.7
E-2-40 .01 <.01 1.1 20 3.3 77 1.7 110 32 7.9
E-3-10 <.01 .02 3.7 13 0.9 6.9 1.6 7.2 7.9 6.4
E-3-20 .01 .01 5.0 16 2.4 50 1.1 51 53 8.3
E-3-30 .02 .02 4.2 3.7 .5 69 1.4 31 58 7.7
E-3-40 <.01 <.01 1.8 41 19 62 2.4 180 21 23
E-3-50 <.01 <.01 1.6 53 28 43 2.8 150 23 18
E-4-20 .03 <.01 8.6 32 6. 83 3.7 130 29 14
E-4-30 .02 <.01 12 45 12 130 3.4 250 8.7 13
E-4-35 .02 <.01 3.1 17 5.1 61 2.4 91 40 21
E-5-15 <.01 <.01 2.1 26 5.8 47 2.5 73 23 11
E-5-25 <.01 <.01 1 23 3.6 45 4.0 63 3 11
E-5-35 .01 <.01 .8 12 4.9 95 2.7 159 34 17
E-5-45 .01 <.01 8 55 28 71 2.5 150 35 20
X-1-10 <.01 <.01 .6 19 8.2 34 1.4 56 18 15
X-1-20 <.01 <.01 300 25 1 32 2.1 48 20 13
X-1-30 .01 <.01 32 16 6.3 33 1.9 49 16 10
X-1-40 .01 <.01 74 16 6.5 35 1.4 52 17 11
X-1-50 <.01 <.01 7.9 16 7.1 32 1.4 45 19 13
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Table 5.--Results of analyses of drive-point water samples for s%lected chemical characteristics, constituents,
and trace metals--Continu

Concentrations in micrograms per liter

Local
identifier?! Arsenic Beryllium Cadmium Chromium Cobalt c%?rer Iron Lead Manganese Moﬁgbdenun
(P00100) (P01010) (P01025) (P01030) (P01035) (PU1040) (P01046) (P01049)  (P01056)  (P01060)

A-1-10 1 <0.5 2 1 <3 <10 3,000 <10 650 <10
A-1-20 4 <.5 2 <1 <3 <10 1,200 <10 610 <10
A-1-30 4 <.5 <1 <1 <3 <10 38 <10 68 <10
A-1-40 7 <.5 3 <1 <3 <10 28 <10 52 <10
A-1-50 6 <.5 <1 <1 <3 <10 7 10 45 <10
A-2-10 2 <.5 <1 <1 <3 <10 150 <10 49 <10
A-2-15 3 <.5 <1 <1 <3 <10 4,000 <10 730 <10
A-2-25 8 <.5 <1 <1 <3 <10 100 <10 220 <10
A-2-40 <1 <.5 <1 <1 <3 <10 310 <10 55 <10
A-2-50 <1 <.5 <1 <1 <3 <10 420 <10 130 <10
|
B-1-10 <1 <.5 <1 2 <3 ' <10 260 190 28 <10
B-1-20 <1 <.5 <1 <1 <3 . <10 170 95 <10
B-1-30 <1 <.5 <1 2 <3 <10 7 <10 160 <10
B-1-40 2 .6 <1 <1 <3 <10 12 <10 320 <10
B-1-45 6 <.5 <1 <1 <3 <10 47 <10 240 <10
B-2-10 <1 <.5 <1 <1 <3 <10 160 <10 38 <10
B-2-25 <1 1.4 <1 <1 <3 <10 170 <10 110 <10
B-2-35 2 <.5 <1 <1 <3 <10 1300 <10 320 <10
B-3-20 <1 <.5 <1 <1 <3 <10 5 <10 180 <10
B-3-25 <1 <.5 <1 <1 <3 <10 <3 <10 1,300 <10
B-3-35 .} <.5 <1 <1 <3 <10 6,700 <10 2,000 <10
B-3-45 6 <.5 <1 <1 <3 | <10 120 <10 360 <10
B-4-15 <1 <.5 <] <1 <3 <10 340 <10 170 <10
B-4-25 <1 2.5 <1 <1 7 . <10 1,200 10 440 <10
B-4-35 2 1.4 <1 <1 <3 <10 4,000 <10 910 <10
B-4-47 <1 1.4 <1 <1 <3 | <10 240 <10 290 <10
c-3-10 <1 <.5 2 <] <3 <10 1,600 <10 610 <10
c-3-20 <1 <.5 <1 <1 <3 <10 1,100 <10 250 <10
c-3-30 <1 <.5 2 <1 <3 <10 2,000 <10 190 <10
c-3-40 <1 <.5 1 <1 <3 <10 4,000 <10 740 <10
c-3-50 4 <.5 <1 <1 <3 <10 370 <10 550 <10
C-4-15 <] 1 1 <1 <3 <10 270 <10 420 <10
C-4-40 1 1 <1 1 <3 <10 6,000 <10 1,200 <10
D-1-15 <] <.5 2 1 <3 . <10 1,300 <10 720 <10
D-1-25 <1 <.5 4 3 <3 .10 3,000 <10 810 <10
D-1-35 <1 <.5 <1 2 <3 ‘ 10 1,300 <10 520 <10
D-1-45 <1 <.5 3 <1 <3 <10 1,100 <10 1,500 <10
D-2-15 <1 <.5 <1 1 <3 <10 ,900 <10 220 <10
D-2-25 <1 <.5 2 3 <3 ‘ <10 12,000 <10 650 <10
D-2-35 <1 <.5 <1 2 <3 <10 ' <10 520 <10
D-2-45 <1 <.5 <1 2 <3 <10 5,900 10 450 <10
D-2-50 2 1.8 <3 1 <9 <30 590 <10 <10 <10
E-2-10 1" <.5 13 <3 70 1,000 <10 23 20
E-2-17 2 <.5 65 48 <3 50 1,600 <10 36 10
E-2-30 2 <.5 2 <1 <3 <10 52 <10 29 10
E-2-40 <1 <.5 <1 1 <3 <10 800 <10 57 <10
E-3-10 <1 <.5 <1 3 <3 , <10 240 <10 27 <10
E-3-20 <1 .9 26 1 <3 . <10 760 <10 81 <10
E-3-30 <1 <.5 7 <1 <3 10 250 <1 47 <10
E-3-40 <1 1.1 <1 1 <3 <10 1,100 <10 130 <10
E-3-50 <1 1.1 <1 1 <3 <10 1,000 <10 370 <10
E-4-20 5 <.5 <1 2 <3 <10 17,000 <10 500 <10
E-4-30 4 <.5 6 1 <3 | <10 20,000 <10 1,400 <10
E-4-35 2 <.5 <1 1 <3 | <10 28,000 <10 490 <10
E-5-15 <1 <.5 1 <1 <3 <10 1,700 <10 160 <10
E-5-25 3 <.5 5 <1 <9 <30 5,800 <10 440 <10
E-5-35 <1 <.5 <1 <1 <3 <10 2,099 10 140 <10
E-5-45 <1 <.5 <1 <1 <3 <10 1,200 <10 689 <10
X-1-10 <1 .9 <1 <1 <3 <10 310 <10 42 <10
X-1-20 <1 .7 <1 <1 <3 <10 550 10 400 <10
X-1-30 <1 .9 <1 <1 [ L <10 200 10 550 <10
X-1-40 <1 .9 <1 <1 <3 | <10 200 <10 37 <10
X-1-50 <1 .9 <1 <1 <3 <10 260 <10 92 <10

44



Table 5.--Results of analyses of drive-point water samples for selected chemical
characteristics, constituents,and trace metals- -Continued

Toncentrations In micrograms per liter

Local
identifier! Strontium Vanadium 2inc Aluminum Lithium  Selenium
(P01080) (P01085) (P01090) (PD1106) (P01130) (P01145)

A-1-10 85 <6 7 - 14 -
A-1-20 96 <6 4 - 15 -
A-1-30 110 <6 5 - 9 -
A-1-40 140 <6 31 - 6 -
A-1-50 150 <6 3 - 15 -
A-2-10 76 <6 6 - 7 -
A-2-15 94 <6 4 20 5 <1
A-2-25 130 <6 4 50 <4 <1
A-2-40 52 <6 8 10 <4 <1
A-2-50 57 <6 7 <10 <4 <1
B-1-10 76 <6 1 - <4 -
B-1-20 48 <6 19 - <4 -
B-1-30 53 <6 1 - <4 -
B-1-40 74 <6 <3 - 9 .
B-1-45 29 <6 <3 - <4 -
B-2-10 42 <6 4 <10 <4 <1
B-2-25 50 <6 <3 10 <4 <1
B-2-35 48 <6 10 10 4 <1
B-3-20 37 <6 <3 - <4 -
B-3-25 95 <6 5 - 8 -
B-3-35 83 <6 6 - 1" .
B-3-45 130 <6 6 . 1" -
B-4-15 17 <6 7 - <4 -
B-4-25 56 <6 16 - 8 -
B-4-35 80 <6 3 - 10 -
B-4-47 56 <6 4 - 11 -
C-3-10 91 <6 18 <10 <4 <1
Cc-3-20 49 <6 32 <10 <4 <1
Cc-3-30 65 <6 34 20 <4 <1
C-3-40 73 <6 15 10 8 <1
C-3-50 61 <6 7 10 7 <1
C-4-15 47 <6 22 - <4 -
C-4-40 53 <6 12 - 8 -
D-1-15 160 <6 7 <10 8 <1
D-1-25 43 <6 S 20 12 <1
D-1-35 29 <6 17 30 4 <1
D-1-45 92 <6 31 <10 25 <1
D-2-15 110 <6 17 - <4 -
D-2-25 <6 29 - <4 -
D-2-35 70 <6 25 - 4 -
D-2-45 120 <6 13 - -
D-2-50 110 <6 21 - 18 -
E-2-10 54 17 680 <4 4
E-2-17 15 <6 15 540 <4 <1
E-2-30 19 <6 5 50 <4 <1
E-2-40 140 <6 3 <10 13 <1
E-3-10 85 <6 1 20 <4 <1
E-3-20 100 <6 10 40 <4 <1
E-3-30 2 <6 <3 20 <4 <1
E-3-40 130 <6 6 <10 11 <1
E-3-50 92 <6 <3 10 12 <1
E-4-20 210 <6 12 - 10 -
E-4-30 320 <6 9 - 15 -
E-4-35 92 <6 7 - 9 -
E-5-15 150 <6 11 <10 7 1
E-5-25 180 <6 32 <10 18 <1
E-5-35 <6 10 10 8 <1
E-5-45 100 <6 5 <10 23 <1
X-1-10 48 <6 6 - 7 -
X-1-20 66 <6 12 9 -
X-1-30 55 <6 5 - 6 -
X-1-40 58 <6 9 - 5 -
X-1-50 50 <6 5 - 5 -

1 The last two digits in the local identifier represent the depth from which the
sample was collected. At sites B1, B2, C4, and E3 water samples collected in
April 1986 and at the remaining sampling site August-September, 1986.

alue represents field alkalinity.
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building 24 or other buildings. Increases in concentrations of sulfate and
chloride can result from the use of sulfuric acid and hydrochloric acid in
the plating process. Although chloride concentrations were relatively high
(near 250 mg/L), the only water sample with a concentration greater than
that of the USEPA secondary regulation, 250 mg/L (USEPA, 1979b), was from
building 31 oil-storage site E-4, at a depth of 35 ft. Concentrations of
the other inorganic constituents in the zone of contamination did not differ
from those found in arsenal ground water (Sargent and others, 1986).

Trace metals in the wastewater from building 24 metal-plating activities
generally were not found in elevated concentrations downgradient. Metals
may have been removed by the building 24 wastewater-treatment system before
the wastewater reached the seepage lagoons. Metals can fail to mobilize in
ground water because in the elemental form, the heavy trace metals,
including cadmium, chromium, copper, lead, strontium, and zinc, tend to
precipitate out and are not readily changed to|a mobile soluble state, and
they are likely to be adsorbed from solution by organic or clay colloids and
by hydrous iron or manganese coatings on sediments (Kimmel and Braids, 1980,
P- 19).

Concentrations and frequencies of detection of iron and manganese were
highest downgradient from building 24. Concentrations of these metals
ranged from<3 to 28,000 pg/L and from{l0 to 2,000 pg/L, respectively. The
high concentrations of iron in ground water (the USEPA secondary regulations
for iron and manganese are 0.3 and 0.05 mg/L, respectively) may not have
been from the contamination source, as iron typically is found in similar
concentrations throughout the arsenal (Sargent and others, 1986). Aquifer
sediments, which may be coated with hydrous oxides of iron, can contribute
iron under the reducing conditions that exist in the contaminated water.

The same mechanisms also may move manganese inTo ground water.

A number of trace metals (arsenic, chromium, copper, molybdenum, and
vanadium) were detected in concentrations greater than 10 ug/L at site E-2,
immediately adjacent to building 24. Although also detected at other sites,
the highest concentrations of aluminum in the study area, 680 and 540 ug/L,
were found at site E-2 at depths of 10 and 17 ft, respectively. The highest
concentration of cadmium found at site E-2, 65 ug/L, exceeds the USEPA
primary drinking-water regulation of 10 pg/L (USEPA, 1976). The primary
drinking-water regulation for cadmium also was | exceeded at site E-3, where a
concentration of 26 ug/L was found at a depth of 20 ft. Site E-3 is on the
opposite side of Third Avenue from site E-2 (fig. 3). The trace metals
strontium, zinc, and lithium were found in concentrations exceeding the
detection limit at nearly all of the sites. The concentration of lead
exceeded the USEPA primary drinking-water regulation of 50 upg/L (USEPA,
1976) at site B-1, where a concentration of 190 pg/L was found. This
isolated high lead concentration may reflect ldcalized past land use rather
than contaminant movement from building 24. Beryllium, cobalt, and
selenium, although detected, were not found in|concentrations greater than
the USEPA primary drinking-water regulation for selenium (10 pg/L) in the
study area.
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Organic Compounds

All water samples collected through drive-point sampling were analyzed
for VOCs and methane. Analyses were performed at the Survey laboratory in
Trenton, New Jersey. Seventeen duplicate water samples were collected and
sent to the NWQL for analyses of VOCs, iodide, bromide, styrene, and
methylene-blue active substances (MBAS). MBAS is a measure of the
concentration of detergents in water. The results of the analyses of drive-
point water samples from both laboratories are shown in table 6. When both
laboratories reported measurable concentrations of the same VOC, the range
of values was considered to be acceptable.

Of 105 water samples analyzed, 15 samples contained concentrations of
organic compounds at or less than the detection limit, 46 samples contained
various organic compounds in concentrations up to 50 ug/L, and 44 samples
contained organic compounds in concentrations greater than 50 ug/L. The
following compounds were found in concentrations greater than 100 ug/L:

TCE, methane, tetrachloroethylene, cis-1,2-dichloroethylene, and cis- and
trans-1,2-dichloroethylene combined. (The NWQL reported the combined
concentration of these two compounds.) TCE was the most frequently detected
volatile organic compound and was found in the highest concentrations.

TCE-contaminated ground water forms a plume that follows the flow system
in the unconfined aquifer, moving downward from the source and then upward
with ground water that discharges to Green Pond Brook. Failure to detect
TCE on the opposite side of the brook, at site X-1, indicates that the plume
does not extend across the brook.

Lines of equal concentration of TCE at altitudes of 650, 670, and
690 ft, illustrated in figures 20, 21, 22, respectively, delineate the
contaminant plume in three dimensions. The 650-ft altitude is near the base
of the unconfined aquifer. A zone of contamination (with concentrations
greater than 10,000 ug/L) appears to be located just above the confining
unit. The axis of this slug appears to be oriented along a line that does
not intersect the source at building 24. Although pumping at water-supply
well 130 probably caused the plume to move toward the well, the plume may
have been moving downgradient away from well 130 after pumping ceased. Well
130 is screened in the confined glacial aquifer, but a formerly adjacent
observation well 130-0B was screened through the confining unit and could
have caused an increase in the downward component of flow in the unconfined
aquifer near the pumped well (see fig. 4 for location).

At the intermediate depth, an altitude of 670 ft, TCE is found in
concentrations greater than 1,000 pg/L in the center of the plume and
adjacent to Green Pond Brook (fig. 21). The area within the 100-ug/L
contour appears to have an axis oriented through the source of contamination
at building 24. Adjacent to Green Pond Brook, the elevated concentrations
can reflect the effect of peat deposits that slowed the movement of the
plume upward toward the brook. At the upper extent of the contaminant
plume, which ranges from 680 to 690 ft, TCE concentrations greater than
1,000 pug/L are found at the source adjacent to building 24, in the middle of
the plume, and at Green Pond Brook (fig. 22).
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[AlLL constituents are dissolved; concentrations in micrograms per liter; NWAL, National Water-Quality

Laboratory, Lakewood, Colorado; TRN, Survey Laboratory, Trenton, New Jersey; a dash indicates constituent
not determined; <, less than)

Lab- Dichloro- Carbon 1,2- Chloro- 1,3-D1-
Local =, ora- bromo- tetra- Dichloro- Bromo- dibromo-  Chloro- Chloro-  chloro-
identifier® tory methane chloride ethane form methane for Toluene Benzene benzene benzene
(P32101) (P32102) (P32103) _ (P32104) (P32105) gP3£1062 (P34010) (P34030) (P34301) (P34566)
A-1-10 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-1-15 NWOL <.2 <.2 <.2 <.2 <.2 .2 <.2 <.2 <.2 <.2
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-1-20 TRN <1 <1 <1 <1 <1 1 <1 <1 <1 <1 -
A-1-25 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
|
A-1-30 TRN <1 <1 <1 <1 <1 I<1 <1 <1 <1
A-1-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-1-40 TRN <1 <1 <1 <1 <1 l<1 <1 <1 <1 -
A-1-50 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-2-10 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-2-15 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-2-20 NwWaL <50 <50 <50 <50 <50 50 <50 <50 <50 <50
TRN <1 <1 <1 <1 <1 <1 <1 <1 -
A-2-25 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-2-30 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-2-40 TRN <10 <10 <10 <10 <10 L10 <10 <10 <10 -
A-2-50 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-1-10 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-1-20 TRN <1 <1 <1 <1 <1 "< <1 <1 <1 -
B-1-30 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-1-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-1-45 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-2-10 NwaL <3 <3 <3 <3 <3 3.7 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 | <1 <1 <1 <1 -
B-2-20 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-2-25 NwWaL <3 <3 <3 <3 <3 3.9 <3 <3 <3 <3
TRN <5 <5 <5 <5 <5 <5 <5 <5 <5 -
B-2-35 NWaL <3 <3 <3 <3 <3 l<3 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-2-45 NWQL <3 <3 7.3 <3 <3 <3 <3 <3 <3 <3
TRN <1 <1 5 <1 <1 <1 <1 <1 <1 -
B-3-15 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-3-20 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-3-25 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
B-3-30 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10
B-3-35 TRN <10 <10 <10 <10 <10 <10 <10 <10 <1 -
B-3-40 NWaL <100 <100 <100 <100 <100 <100 <100 <100 <100 <100
TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
B-3-45 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
B-3-50 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
B-4-15 NWaL <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-4-20 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-4-25 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-4-30 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1
B-4-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1
B-4-47 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
c-3-10 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1
c-3-15 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1
c-3-20 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
c-3-25 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
C-3-30 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
c-3-35 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
C-3-40 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 i
C-3-45 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 .
c-3-50 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
C-4-15 NWaL <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
C-4-30 NWaL <3 <3 <3 <3 <3 I <3 <3 <3 <3 <3
TRN <10 <10 <10 <10 <10 '<10 <10 <10 <10 -
C-4-40 NWaL <3 <3 <3 <3 <3 © <3 <3 <3 <3 <3
TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
D-1-15 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1
D-1-20 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
D-1-25 NWaL <70 <70 <70 <70 <70 <70 <70 <70 <70 <70
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Table 6.--Results of analyses of drive-point water s
Continued

les for selected chemical

nstituents and organic

Lab- Dichloro- Carbon T,2- Chloro- 1,3-Di-
Local ora- bromo- tetra- Dichloro- Bromo- dibromo-  Chloro- Chloro-  chloro-
identifier! tory methane chloride ethane form methane form Toluene Benzene zene benzene
P32101 P32102 P32103 P32104 P32105 P32106 P34010 P34030 34301 P345
D-1-25 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
D-1-30 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
D-1-35 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
D-1-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
D-1-45 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
D-1-50 TRN <1 <1 <1 <1 <1 <] <1 <1 <1 -
D-2-15 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
D-2-20 TRN <1 <1 1 <1 <1 <1 <1 <1 <1 -
D-2-25 TRN <1 <1 1 <1 <1 <1 <1 <1 <1 -
D-2-30 TRN <1 <1 1 <1 <1 <1 <1 <1 <1 -
D-2-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
D-2-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
D-2-45 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
D-2-50 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
D-2-55 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-2-10 TRN <100 <100 <100 <100 <100 <100 <100 <100 <100 -
E-2-15 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
E-2-17 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
E-2-25 NWQL <40 <40 <40 <40 <40 <40 <40 <40 <40 <40
TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
E-2-30 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
E-2-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-2-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-2-45 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-3-10 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-3-20 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-3-30 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-3-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-3-45 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-3-50 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-3-55 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-4-15 NWaL <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-4-20 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-4-25 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-4-30 NWaL <.2 <.2 <.2 <.2 <.2 .2 <.2 7 <.2 <.2
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-4-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-4-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-5-15 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-5-20 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-5-25 RN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-5-30 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-5-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-5-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-5-45 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-10 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-15 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-20 NwaL <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-25 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-30 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-45 NwoL <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 3 <1 <1 <1 -
X-1-50 TRN <1 <1 <1 <1 <1 2 <1 <1 <1 -
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Table 6.--Results of analyses of drive-point water samples for selected chemical constituents and organic compounds--

ontin
Tr1-

Lab- Methyl- Tetra- chloro- 1,1- 1,1- 1,1,1-
Local , ora- Ethyl- Methyl-  Methyl- ene- chloro- fluoro- Dichloro- Dichloro- Trichloro- Chloro-
identifier- tory benzene bromide chloride chloride ethylene metha ethane ethylene ethane ethane
P34371 P34413 P34418 P34423 P3447! P34488 P34496 P34501 P34506 P34311
b < < < < < < < < < -
A-1-15 NWaL <.2 <.2 <.2 <.5 <.2 <.2 .2 .9 <.2 <.2
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-1-20 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-1-25 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-1-30 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-1-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
A-1-40 TRN <1 <1 <1 <1 <1 < <1 <1 <1 -
A-1-50 TRN <1 <1 <1 <1 <1 < <1 <1 <1 -
A-2-10 TRN <1 <1 <1 <1 <1 < <1 <1 <1 -
A-2-15 TRN <1 <1 <1 <1 10 < <1 <1 <1 -
A-2-20 NWaL <50 <50 <50 <50 <50 <5 <50 <50 <50 <50
TRN <1 <1 <1 <1 4 < 1 3 <1 -
A-2-25 TRN <1 <1 <1 <1 1 < <1 <1 <1 -
A-2-30 TRN <1 <1 <1 <1 1 < <1 <1 <1 -
A-2-40 TRN <10 <10 <10 <10 <10 <1 <10 <10 <10 -
A-2-50 TRN <1 <1 <1 <1 1 < <1 <1 <1 -
B-1-10 TRN <1 <1 <1 <1 <1 < <1 <1 <1 -
B-1-20 TRN <1 <1 <1 <1 1 <1 <1 <1 <1 -
B-1-30 TRN <1 <1 <1 <1 3 <1 <1 1 <1 -
B-1-40 TRN <1 <1 <1 <1 <1 < <1 <1 <1 -
B-1-45 TRN <1 <1 <1 <1 < < <1 <1 <1 -
B-2-10 NWaL <3 <3 <3 <3 <3 < <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 < <1 <1 <1 -
B-2-20 TRN <1 <1 <1 <1 <1 < <1 <1 <1 -
B-2-25 NWaL <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
TRN <5 <5 <5 <5 <5 <5 <5 <5 <5 -
B-2-35 NwaL <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-2-45 NWQL <3 <3 <3 <3 <3 <3 <3 22 <3 <3
TRN <1 <1 <1 <1 <1 < <1 16 <1 -
B-3-15 TRN <1 <1 <1 <1 <1 < <1 <1 <1 -

B-3-20 TRN <1 <1 <1 <1 9 < <1 <1 <1
B-3-25 TRN <10 <10 <10 <10 200 <1 <10 <10 <10 -
B-3-30 TRN <10 <10 <10 <10 70 <1 <10 <10 <10 -
B-3-35 TRN <10 <10 <10 <10 <10 <1 <10 <10 <10 -
B-3-40 NWaL <100 <100 <100 <100 <100 <10 <100 <100 <100 <100
TRN <10 <10 <10 <10 <10 <1 <10 <10 <10 -
B-3-45 TRN <10 <10 <10 <10 <10 <1 <10 <10 <10 -
B-3-50 TRN <10 <10 <10 <10 <10 <1 <10 <10 <10 -
B-4-15 NWOL <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 <1 <1 <1 -
B-4-20 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-4-25 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-4-30 TRN <1 <1 <1 <1 <1 <1 <1 <1 1 -
B-4-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
B-4-47 TRN <1 <i <1 <1 9 <1 <1 <1 1 -
c-3-10 TRN <1 <1 <1 <1 2 < <1 <1 <1 -
c-3-15 TRN <1 <1 <1 <1 <1 < <1 <1 <1 -
c-3-20 TRN <10 <10 <10 <10 19 <1 <10 <10 <10 -

C-3-25 TRN <10 <10 <10 <10 1 <1 <10 <10 <10

Cc-3-30 TRN <10 <10 <10 <10 18 <1 <10 <10 <10

c-3-35 TRN <10 <10 <10 <10 11 <1 <10 <10 <10

C-3-40 TRN <10 <10 <10 <10 2 <10 <10 <10 <10
C-3-45 TRN <10 <10 <10 <10 61 <10 <10 <10 <10 -
Cc-3-50 TRN <10 <10 <10 <10 12 <10 <10 <10 <10 -
C-4-15 NwaL <3 <3 <3 <3 28 < <3 <3 3.3 <3
TRN <1 <1 <1 <1 33 <1 3.4 3 9 -
C-4-30 NWaL <3 <3 <3 <3 16 <3} <3 <3 <3 <3
TRN <10 <10 <10 <10 22 <10 <10 26 <10 -

|

C-4-40 NWaL <3 <3 <3 <3 40 <3 <3 <3 <3 <3
TRN <10 <10 <10 <10 58 <10 <10 <10 <10 -
D-1-15 TRN <1 <1 <1 <1 2 <1 <1 <1 2 -
D-1-20 TRN <10 <10 <10 <10 <10 <1 <10 <10 12 -
D-1-25 NwaL <70 <70 <70 <70 <70 <7B <70 <70 <70 <70
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Table 6.--Results of analyses of drive-point water samples for selected chemical constituents and organic compounds--
ontinued

Tri-
Lab- Methyl- Tetra- chloro- 1,1- 1,1- 1,1,1-
Local _ ora- Ethyl- Methyl-  Methyl- ene- chloro- fluoro- Dichloro- Dichloro- Trichloro- Chloro-
identifier! tory benzene bromide chloride chloride ethylene methane ethane ethylene ethane ethane
(P34371) (P34413) (P34418) (P34423) (P34475) (P34488) (P34496) (P34501) (P34506) (P34311)
-1- < < < < < < < < -
D-1-30 TRN <10 <10 <10 <10 <10 <10 <10 <10 45 -
D-1-35 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
D-1-40 TRN <1 <1 <1 <1 19 <1 <1 <1 2 -
D-1-45 TRN <10 <10 <10 <10 51 <10 <10 <10 <10 -
D-1-50 TRN <1 <1 <1 <1 80 <1 <1 <1 <1 -
D-2-15 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
D-2-20 TRN <1 <1 <1 <1 <1 <1 1 1 <1 -
D-2-25 TRN <1 <1 <1 <1 <1 <1 2 1 <1 -
D-2-30 TRN <1 <1 <1 <1 <1 <1 2 2 <1 -
D-2-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
D-2-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
D-2-45 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
D-2-50 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
D-2-55 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-2-10 TRN <100 <100 <100 <100 <100 <100 <100 <100 <100
E-2-15 TRN <10 <10 <10 <10 <10 <10 <10 <10 30
E-2-17 TRN <10 <10 <10 <10 <10 <10 <10 <10 50 -
E-2-25 NWaL <40 <40 <40 <40 <40 <40 <40 <40 <40 <40
TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
E-2-30 TRN <10 <10 <10 <10 <10 <10 <10 <10 <10 -
E-2-35 TRN <1 <1 <1 <1 2 <1 <1 <1 <1 -
E-2-40 TRN <1 <1 <1 <1 2 <1 <1 <1 <1 -
E-2-45 TRN <1 <1 <1 <1 3 <1 <1 <1 <1 -
E-3-10 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-3-20 TRN <1 <1 <1 <1 6 <1 1.5 2 5 -
E-3-30 TRN <1 <1 <1 <1 4 <1 3 3 6 -
E-3-40 TRN <1 <1 <1 <1 2 <1 <1 <1 <1 -
E-3-45 TRN <1 <1 <1 <1 6 <1 <1 <1 -
E-3-50 TRN <1 <1 <1 <1 2 <1 <1 <1 3 -
E-3-55 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1
E-4-15 NWaL <3 <3 <3 <3 <3 3.9 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-4-20 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-4-25 TRN <1 <1 <1 <1 <1 <1 3 <1 <1 -
E-4-30 NWQL <.2 <.2 <.2 <.5 <.2 <.2 5 ) <2 <.2
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1
E-4-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-4-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-5-15 TRN <1 <1 <1 <1 6 <1 <1 <1 <1
E-5-20 TRN <1 <1 <1 <1 5 <1 <1 <1 <1 -
E-5-25 TRN <1 <1 <1 <1 1.5 <1 <1 <1 <1 -
E-5-30 TRN <1 <1 <1 <1 1 <1 <1 <1 <1 -
E-5-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-5-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
E-5-45 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-10 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-15 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-20 NWQL <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-25 TRN <1 <1 <1 <1 <1 <1 <1 < < -
X-1-30 TRN <1 <1 <1 <1 <1 <1 <1 <} <% -
X-1-35 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-40 TRN <1 <1 <1 <1 <1 <1 <1 <1 < .
X-1-45 NWaL <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
X-1-50 TRN <1 <1 <1 <1 <1 <1 <1 <1 <1 -
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2-CL- Trans- Cis-

Lab- 1,1,2- 1.2- 1.4- 1,2- 1,3- Ethyl- 1,.2- s . Tri-
Local ora- Trichloro- Dichloro- Dichloro- Dichloro- Dichloro- vipyl- d|chloro-:z dichloro- Vinyl  chloro-
identifierl tory ethane benzene benzene propane propane ether ethylene“ ethylene chloride ethylene
(P34511) (P34536) (P34571) (P34541) (P34561) (P34576) (P34546) (P39175) (P39180)
A-T-10 ~ TRN <T <T - <1 <7 - <7 <T 4 <1 59
A-1-15 NWaL <.2 <.2 <.2 <.2 <.2 <. 2 8.5 - <.2 46
TRN <1 <1 - <1 <1 <1 <1 10 <1 83
A-1-20 TRN <1 <1 - <1 <1 <1 <1 19 <1 10
A-1-25 TRN <1 <1 - <1 <1 <1 <1 <1 <1 2
A-1-30 TRN <1 <1 - <1 <1 <1 <1 <1 <1 1
A-1-35 TRN <1 <1 - <1 <1 <1 <1 <1 <1 1
A-1-40 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
A-1-50 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
A-2-10 TRN <1 <1 - <1 <1 | <1 <1 180 <1 39
A-2-15 TRN <1 <1 - <1 <1 <1 <1 27 2 610
A-2-20 NWaL <50 <50 <50 <50 <50 <50 140 - <50 3,700
TRN <1 <1 - <1 <1 <1 <1 53 12 2,500
A-2-25 TRN <1 <1 - <1 <1 <1 <1 3 <1 180
A-2-30 TRN <1 <1 - <1 <1 <1 <1 1.6 <1 74
A-2-40 TRN <10 <10 - <10 <10 <10 <10 <10 <10 48
A-2-50 TRN <1 <1 - <1 <1 <1 <1 <1 <1 13
B-1-10 TRN <1 <1 - <1 <1 <1 <1 3 <1 42
B-1-20 TRN <1 <1 - <1 <1 <1 <1 10 <1 76
B-1-30 TRN <1 <1 - <1 <1 <1 <1 35 <1 690
B-1-40 TRN <1 <1 - <1 <1 <1 <1 <1 <1 1
B-1-45 TRN <1 <1 - <1 <1 | <1 <1 <1 <1 3
B-2-10 NWaL <3 <3 <3 <3 <3 L <3 <3 - <3 54
TRN <1 <1 . < < < <1 3 <1 56
B-2-20 TRN <1 <1 - <1 <1 <1 <1 3 <1 18
B-2-25 NWaL <3 <3 <3 <3 <3 <3 <3 - <3 88
TRN <5 <5 - <5 <5 <5 <5 <5 <5 85
B-2-35 NWQL <3 <3 <3 <3 <3 <3 15 - <3 1,500
TRN <1 <1 - <1 <1 <1 <1 14 1 1,900
B-2-45 NWQL <3 <3 <3 <3 <3 <3 140 - <3 16,000
TRN <1 <1 - <1 <1 <1 <1 160 9 16,000
B-3-15 TRN <1 <1 - <1 <1 <1 <1 <1 <
B-3-20 TRN <1 <1 - <1 <1 <1 <1 1 <1 36
B-3-25 TRN <10 <10 - <10 <10 <10 <10 1
B-3-30 TRN <10 <10 - <10 <10 <10 <10 120 30 2,000
B-3-35 TRN <10 <10 - <10 <10 <10 <10 100 15 6,100
B-3-40 NWQL <100 <100 <100 <100 <100 <100 380 - <100 14,000
TRN <10 <10 - <10 <10 <10 <10 70 12 7,000
B-3-45 TRN <10 <10 - <10 <10 <10 <10 50 12 2,500
B-3-50 TRN <10 <10 - <10 <10 <10 <10 15 <10 800
B-4-15 NWaL <3 <3 <3 <3 <3 <3 <3 - <3 <3
TRN <1 <1 - <1 <1 <1 <1 <1 <1 8
B-4-20 TRN <1 <1 - <1 <1 <1 <1 <1 <1 14
B-4-25 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
B-4-30 TRN <1 <1 - <1 <1 <1 <1 1 <1 3
B-4-35 TRN <1 <1 - <1 <1 <1 <1 <1 <1 2
B-4-47 TRN <1 <1 - <1 <1 <1 <1 1 <1 2
c-3-10 TRN <1 <1 - <1 <1 <1 <1 <1 <1 17
Cc-3-15 TRN <1 <1 - <1 <1 <1 <1 1 <1 210
c-3-20 TRN <10 <10 <10 <10 1<10 <10 <10 <10 1,000
c-3-25 TRN <10 <10 - <10 <10 l<10 <10 41 <10 2,300
c-3-30 TRN <10 <10 - <10 <10 <10 <10 44 <10 3,000
C-3-35 TRN <10 <10 - <10 <10 1<10 <10 23 <10 330
C-3-40 TRN <10 <10 - <10 <10 <10 <10 16 <10 460
C-3-45 TRN <10 <10 - <10 <10 ‘<10 <10 18 <10 780
C-3-50 TRN <10 <10 - <10 <10 <10 <10 180 <10 20,000
C-4-15 NWaL <3 <3 <3 <3 <3 <3 S4 - <3 2,200
TRN <1 <1 - <1 <1 <1 3 44 2. 2,200
C-4-30 NWQL <3 <3 <3 <3 <3 <3 31 . <3 440
TRN <10 <10 - <10 <10 <10 13 20 <10 380
C-4-40 NWQL <3 <3 <3 <3 <3 1 <3 55 - <3 1,800
TRN <10 <10 - <10 <10 <10 <10 50 <10 1,200
D-1-15 TRN <1 <1 - <1 <1 <1 <1 10 <1 400
D-1-20 TRN <10 <10 - <10 <10 <10 <10 12 <10 1,100
D-1-25 NwWaL <70 <70 <70 <70 <70 <70 <70 - <70 1,900



Table 6.--Results of analyses of drive-point water samples for selected chemical constituents and organic compounds--
ontinu

2-CL- Trans- Cis- .
Lab- 1,1,2- 1,.2- 1,4~ 1,2- 1,3- Ethyt- 1,2- 1,2- . Tri-
Local ora- Trichloro- Dichloro- Dichloro- Dichloro- Dichloro- vinyl- dichloro-, dichloro- Vinyl chloro-
identifier? tory ethane benzene benzene propane propane ether ethylene ethylene chloride ethylene
(P34511) (P34536) (P34571) (P34541) (P34561) (P34576) (P34546) (P39175) (P39180)
-1- < < - < < < < < .
Dp-1-30 TRN <10 <10 - <10 <10 <10 <10 34 <10 4,000
D-1-35 TRN <10 <10 - <10 <10 <10 <10 12 <10 650
D-1-40 TRN <1 <1 - <1 <1 <1 <1 4 <1 140
D-1-45 TRN <10 <10 - <10 <10 <10 <10 <10 <10 330
D-1-50 TRN <1 <1 - <1 <1 <1 <1 8 <1 580
D-2-15 TRN <1 <1 - <1 <1 <1 <1 5 <1 7
D-2-20 TRN <1 <1 - <1 <1 <1 1 23 9 15
D-2-25 TRN <1 <1 - <1 <1 <1 1 34 15 17
D-2-30 TRN <1 <1 - <1 <1 <1 <1 30 10 17
D-2-35 TRN <1 <1 - <1 <1 <1 <1 10 3 10
D-2-40 TRN <1 <1 - <1 <1 <1 <1 2 1 4
D-2-45 TRN <1 <1 - <1 <1 <1 <1 1.4 <1 8
D-2-50 TRN <1 <1 - <1 <1 <1 <1 1 <1 1
D-2-55 TRN <1 <1 - <1 <1 <1 <1 <1 <1 1
E-2-10 TRN <100 <100 - <100 <100 <100 <100 <100 <100 44,000
E-2-15 TRN <10 <10 - <10 <10 <10 <10 22 <10 4,000
E-2-17 TRN <10 <10 - <10 <10 <10 <10 50 <10 1,400
E-2-25 NWQL <40 <40 <40 <40 <40 <40 <40 - <40 1,000
TRN <10 <10 - <10 <10 <10 <10 <10 <10 800
E-2-30 TRN <10 <10 - <10 <10 <10 <10 <10 <10 500
E-2-35 TRN <1 <1 - <1 <1 <1 <1 <1 <1 260
E-2-40 TRN <1 <1 - <1 <1 <1 <1 <1 <1 150
E-2-45 TRN <1 <1 - <1 <1 <1 <1 <1 <1 150
E-3-10 TRN <1 <1 - <1 <1 <1 <1 <1 <1 2
E-3-20 TRN <1 <1 - <1 <1 <1 <1 3 3 37
E-3-30 TRN <1 <1 <1 <1 <1 <1 5 3 22
E-3-40 TRN <1 <1 - <1 <1 <1 <1 <1 <1
E-3-45 TRN <1 <1 - <1 <1 <1 <1 <1 <1 15
E-3-50 TRN <1 <1 - <1 <1 <1 <1 2 <1 9
E-3-55 TRN <1 <1 - <1 <1 <1 <1 <1 <1 28
E-4-15 NWQL <3 <3 <3 <3 <3 <3 5.7 - 30 <3
TRN <1 <1 - <1 <1 <1 <1 4 8 2
E-4-20 TRN <1 <1 - <1 <1 <4 <1 6 9 2
E-4-25 TRN <1 <1 - <1 <1 <1 <1 7 2 9
E-4-30 NWaL <.2 <.2 <.2 <.2 <.2 <.2 6.7 . 8.9 3.6
TRN <1 <1 - <1 <1 <1 <1 6 20 5
E-4-35 TRN <1 <1 - <1 <1 <1 <1 1 7 19
E-4-40 TRN <1 <1 - <1 <1 <1 <1 <1 <1 2
E-5-15 TRN <1 <1 - <1 <1 <1 <1 1 <1 14
E-5-20 TRN <1 <1 - <1 <1 <1 <1 1 3 8
E-5-25 TRN <1 <1 - <1 <1 <1 <1 1.5 <1 9
E-5-30 TRN <1 <1 - <1 <1 <1 <1 <1 <1 2
E-5-35 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
E-5-40 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
E-5-45 TRN <1 <1 - <1 <1 <1 <1 <1 <1 1.5
X-1-10 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
X-1-15 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
X-1-20 NWQL <3 <3 <3 <3 <3 <3 <3 - <3 <3
TRN <1 <1 - <1 <1 <1 <1 <1 <1 1
X-1-25 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
X-1-30 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
X-1-35 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
X-1-40 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
X-1-45 NWQL <3 <3 <3 <3 <3 <3 <3 - <3 <3
TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
X-1-50 TRN <1 <1 - <1 <1 <1 <1 <1 <1 <1
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Table 6.--Results of analyses of drive-point water samples for selected chemical constituents and organic compounds--
Continued

Cis Trans-
Lab- Dichlorg- 1,2-Di- 1,1,2,2- 1,3-di- 1,3-di-
Local ora- MBAS, difluora- bromo- Tetrchloro- chloro- chloro-
identifier! tory Iodide Bromide Methane Styrene total3 methane; ethylene ethane propene propene
P71865 P71870 P76994 pP77128 P38260 P34668) P39082 P34516 P34704 P34699
ﬂ—fu—mn—‘—u—u——)—(—)—(—z—(ﬁ—z—(——)—(—ﬁ—)—(—l—ﬁ——l. = - < - - - < s z = -
A-1-15 NWaL - - - <.2 - <.2 <.2 <.2 <.2 <.2
TRN - - - - - <1 - <1 - -
A-1-20 TRN - - <2 - - <1 - <1 - -
A-1-25 TRN - - - - - <1 - <1 - -
A-1-30 TRN - - <2 - - <1 - <1 - -
A-1-35 TRN - - - - - <1 - <1 - -
A-1-40 TRN - - <2 - - <1 - <1 - -
A-1-50 TRN - - <2 - - <1 - <1 - -
A-2-10 TRN - - - - - <1 - <1 - -
A-2-15 NWaL .019 .049 - - .04 - - - - -
TRN - - - - - <1 - <1 - -
A-2-20 NWaL - - - <50 . <50 <50 <50 <50 <50
TRN - . 8 - - <1 | - <1 . .
A-2-25 NWaL .002 021 - - <.01 - - - - -
TRN - - <2 - - <1 ‘ - <1 - -
A-2-30 TRN - . - - - <1 - <1 - -
A-2-40 NWQL .001 .024 - - 01 - - - - -
TRN - - <2 - - <10 | - <10 - -
A-2-50 NWQL .001 .029 - - .02 - - - - -
TRN - - <2 - - <1 | - <1 - -
B-1-10 TRN - - . . . <1 ‘ . <1 - -
B-1-20 TRN - - - - - <1 - <1 - -
8-1-30 TRN - - - - - <1 | - <] - -
B-1-40 TRN - - - - - <1 - <1 - -
B-1-45 TRN - - - - - <1 : <1 - -
B-2-10 NWaL .004 .061 - <3 .04 <3 <3 <3 <3 <3
TRN - - <2 - - <1 - <1 - -
B8-2-20 TRN - - - - - <1 - <1 - -
B-2-25 NwWaL .004 <.01 - <3 .06 <3 <3 <3 <3 <3
TRN - - <2 - - <5 | - <5 - -
B-2-35 NWQL .007 .16 - <3 .03 <3 <3 <3 <3 <3
TRN - - <2 - - <1 - <1 - -
B-2-45 NWQL - - - <3 - <3 <3 <3 <3 <3
TRN - - - - - <1 | - <1 - -
B-3-15 TRN - - - - - <1 - <1 - -
B-3-20 TRN - - <2 - - <1 ‘ - <1 - -
B-3-25 TRN - - <2 - - <10 | - <10 - -
B-3-30 TRN - - - - - <10 - <10 - -
B-3-35 TRN - - 24 - - <10 - <10 - -
B-3-40 NWaL - - - <100 - <100 <100 <100 <100 <100
TRN - B - - - <10 - <10 - -
B-3-45 TRN - - 6 - - <10 - <10 - -
B-3-50 TRN - - 9 - - <10 - <10 - -
B-4-15 NwaL - - - <3 - <3 <3 <3 <3 <3
TRN . - <2 . . <1 | - <1 - -
B-4-20 TRN - - <2 - - <1 - <1 - -
B-4-25 TRN . . <2 . . <« | . <1 - .
B-4-30 TRN - - < . - <1 - <1 - -
B-4-35 TRN - - <2 - - <1 - <1 - -
B-4-47 TRN - - <2 - - <1 - <1 - -
c-3-10 NWQL .007 .045 - - .14 - - - - -
TRN - - < - - <1 | - <1 - -
C-3-15 TRN - - - - - <1 | - <1 - -
c-3-20 NWaL .004 .074 - - .06 - - - - -
TRN - - 18 - - <10 - <10 - .
c-3-25 TRN - - - - - <10 - <10 : -
C-3-30 NWaL .01 N - - .04 - - - - -
TRN - - 18 - - <10 - <10 - -
c-3-35 TRN - - - - - <10 - <10 - -
C-3-40 NWQL .01 .18 - - .04 - } - - - -
TRN - - 12 - - <10 | - <10 - -
C-3-45 TRN - - - - - <10 | - <10 - -
c-3-50 NWQL .005 .046 - - .02 - - - - -
TRN - - <2 - - <10 | - <10 - -
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Table 6.--Results of analyses of drive-point water samples for selected chemical constituents and organic compounds--

Continued
Cis Trans-
Lab- Dichloro- 1,2-di- 1,1,2,2- 1,3-di- 1,3-di-
Local ora- MBAS, difluoro- Bromo- Tetrchloro- chloro- chioro-

identifier! tory

Iodide

Bromide

Methane

Styrene  total

methane

ethylene

ethane

proggne propene
(P71865) (P71870) (P76994) (P77128) (P38260) (P34668) (P39082) (P34516) (P34704) (P34699)
py A < - - < - < < < < <
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<3 :
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. .07
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Table 6.--Results of analyses of drive-point water samples for selected chemical constituents and organic compounds--

on

\ i Cis | Trans-

Lab- Dichloro- 1,2-Di- 1,1,2,2- 1,3-di- 1,3-di-

Local . ora- MBAS, . ' difluoror bromo- Tetrchloro- chloro- chloro-

identifier® tory lodide Bromide Methane Styrene total3 methane ethylene ethane propene propene
(P71865) (P71870) (P76994) (P77128) (P38260) (9346?8) (P39082) (P365}6) (P34704) (P34699)

-3- - - <2 - - < - < - -
E-5-35 NWaL .003 - - - .06 - - - - -
TRN - - <2 - - <1 - <1 - -
E-5-40 TRN - - <2 - - <1 - <1 - -
E-5-45 NWaL .003 - - - .04 - - - - -
TRN - - <2 - - <1 - <1 . -
X-1-10 TRN - - - - - <1 - <1 - -
X-1-15 TRN - - - - - <1 . <1 - :
X-1-20 NWaL - - - <3 - <3 | <3 <3 <3 <3
TRN - - - - - <1 ‘ - <1 -
X-1-25 TRN - - - - - <1 - <1 - -
X-1-30 TRN - - - - - <1 - <1 - -
X-1-35 TRN - . - - - <1 - <1 - -
X-1-40 TRN - - - - - <1 | - <1 - -
X-1-45 NWQL - - - <3 - <3 | <3 <3 <3 <3
TRN - . - . . <1 . < . .
X-1-50 TRN - . . - - <1 - <1 - -

1 The last two digits in the local identifier represent the depth from which the sample was collected; altitudes of site

shown on table five.
site August-September, 1986.

At sites B1, B2, C4, and E3 water samples collect

in April 1986 and at the remaining sampling

2 The Survey Laboratory in Denver, Colorado, reports both trans- and cis-1,2 dichloroethylene as trans-1,2
dichloroethylene.

3 MBAS, methylene blue active substance, in milligrams per titer.

detergent concentration
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Figure 20.--Concentration of trichloroethylene in ground-water samples at the
650-foot altitude, 1986.
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Figure 21.--Concentration of trichloroethylene in ground-water samples at the
670-foot altitude, 1986.

|
58 \
!



_.____:’;?~. POND BROOK

<1 900 e
[

0 400 800 FEET
T ——
qP?' 0 100 200 METERS
Z AN

Base map from basic ,,,b‘u

information maps of ‘\ﬁ

}’;%astmny Arsenal, EXPLANATION

{0 —— — LINE OF EQUAL CONCENTRATION OF TRICHLOROETHYLENE-~In micrograms per
liter. Interval is variable. Dashed where approximate
®7 LOCATION OF DRIVE-POINT SITE--Number shown is concentration of

trichloroethylene, in micrograms per liter

Building identification number

Figure 22.--Concentration of trichloroethylene in ground-water samples at the
680- to 690-foot altitude, 1986.
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Several characteristics of the TCE plume are illustrated in the
longitudinal and transverse sections shown in figure 23. At section D-D’,
1,300 ft from building 24, the plume is approximately 20 ft thick and the
zone of TCE concentrations greater than 10,000 pg/L is found 35 ft below the
water table. Here the plume is overlain by 15 to 20 ft of relatively
uncontaminated ground water. The distribution of TCE does not appear to be
affected by the buried stream channel near the brook. The lowermost extent
of the plume generally coincides with the boundary between the unconfined
aquifer and the lower confining unit, at a depth of approximately 50 ft.

Section E-E’ is a transverse section through site B-2 that shows the lateral
shape of the plume.

The elevated TCE concentrations at the base of the unconfined aquifer
can indicate that nonaqueous-phase TCE has "pooled" at the top of the
confining unit. Because pure TCE is denser thdn ground water, TCE may have
sunk by gravity through the coarse, unconfined sediments until its downward
movement was stopped by the fine-grained sedim#nts of the underlying
confining unit. \

!

Cis-1,2-dichloroethylene is the second most abundant VOC in the
contaminant area. An areal view of cis-1,2-dighloroethylene concentrations
suggests the existence of two plumes--one emanating from building 24 and the
other emanating from the building 31 oil-storage area (fig. 24). The values
shown represent the highest value at each drive-point site. Drive-point
installation and plume delineation were difficult near the contaminant

source because the presence of buildings in the area reduced the number of
available drilling sites.

Figure 25 shows the distribution of cis-1,2-dichloroethylene in
longitudinal section D-D’ and transverse section E-E’., (Locations of
sections are shown in fig. 19.) The distribution of this compound is
similar to that of TCE, although the concentrations are lower. The zone of
concentrations that equal or exceed 10 pg/L extends downward from
building 24, then moves upward with recharge to Green Pond Brook. The
transverse section E-E’ shows two zones where concentrations exceed 100

pg/L--one near the base of the aquifer and the other at an altitude of 660
to 670 ft.

The remaining organic compounds detected in concentrations greater than
100 pg/L, methane and tetrachloroethylene, could not be mapped. A
tetrachlorethylene concentration greater than 100 pg/L was found in only one
water sample, whereas methane concentrations g#eater than 100 pg/L were
found in nine water samples. The presence of methane in an aquifer system
is an indicator of methane-producing bacteria (T.A. Ehlke, U.S. Geological
Survey, oral commun., 1989). Methane-degradin% bacteria can degrade TCE
under anaerobic conditions (Little and others, 1988). Both types of
bacteria are present in ground water at the arsenal (T.A. Ehlke, U.S.
Geological Survey, oral commun., 1989). The distributions of TCE, cis-1,2-
dichloroethylene, vinyl chloride, and methane with depth at sites B-3 and D-
2 are shown in figures 26 and 27, respectively,

Site B-3 is approximately two-thirds of the distance from building 24 to

Green Pond Brook (fig. 19). The highest concentrations of cis-1,2-
dichloroethylene, vinyl chloride, and methane determined at the site were
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found in shallower ground water than was the highest TCE concentration
(7,000 pg/L). High TCE concentrations can be toxic to microbes, preventing
degradation of trichloroethylene except at the edges of the TCE plume.

Site D-2 is downgradient from the building 31 oil-storage area and the
diesel fuel-tank site. Diesel fuel probably is|providing a source of carbon
for methane-producing bacteria (T.A. Ehlke, U.S| Geological Survey, oral
commun., 1989). The highest methane concentration found in the study area,
1,500 pg/L, was detected at site E-4, which is the site closest to the
diesel-fuel tank site. The absence of detectable nitrates at site E-4 is an
indicator of reducing conditions. At site D-2 the maximum TCE concentration
was less than 20 ug/L; therefore, vertical variation in concentrations of
cis-1,2-dichloroethylene or vinyl chloride resulting from TCE toxicity was
not expected.

Well Sampling

Water samples were collected from 60 wells during October and November
1987. Five of the sampled wells are screened in the bedrock aquifer, 10 are
screened in the confined glacial aquifer, and the remaining 45 wells are
screened in the unconfined aquifer. The wells screened in the two deep
aquifers are listed below:

1

Bedrock-aquifer wells Confined-aquifer wells
10-3A , 10-4 39-1
302-D ¢ 39-2 65-3
65-1 95-1 95-2
CAF-1 » CAF-3 CAF-4
H-2 H-3 65-2

Well 302D was left uncased from 110 to 403 ft below land surface when it was
completed in 1921. Little is known about its present condition; this well
may tap a part of the confined glacial aquifer. Wells 10-3A, 10-4, 39-1,
39-2, 95-1, and 95-2 were installed as part of the 1987 drilling program for
this study.

representative volume of ground water from which the samples are collected.
However, all of the 27 new wells screened in the unconfined aquifer have
similar 5-ft screened lengths and 2-in. I.D. ost sampled wells had inside
diameters of 2 or 4 in., and screened lengths of 5 to 20 ft. Screens in
wells 9-A, 9-B, 9-C, and I (fig. 3) are atypical of wells in the area
because they extend above the surface of the water table.

Variations in the diameters and screened langths of wells affect the

As part of the quality-assurance program, four USGS Standard Reference
Water Samples (Schroder and others, 1980) were shipped to the USATHEMA
contract laboratory for analysis. The results|are provided in table 7.
USATHEMA sample GB-W contained a lead concentration three times greater than
the reference sample mean concentration. Although chromium concentrations
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Table 7.--Results of analyses of standard reference samples

[Concentrations in micrograms per liter;
dash indicates constituent not determined]

Trace Identifier Reference water sample T97
metal GB-W GB-F Sample Standard Number of
mean deviation analyses
Silver 1<13.5 <13.5 7 1.8 34
Arsenic 11 11 11.3 1.5 37
Barium 84 84 98 12 35
Cadmium 20 22 16.3 2.1 38
Chromium 30 30 26 4.3 49
Copper 10 8.2 16.8 2.5 41
Mercury .62 .76 .9 .2 34
Nickel <37.8 <37.8 15.2 5.8 28
Lead 46 <18.6 15.0 3.7 39
Antimony <23.8 <23.8 15.0 11.3 13
Selenium <9.6 <9.6 15.9 3.4 36
Thallium <6.99 <6.99 - - -
Zinc 170 160 153 10 49
Trace Identifier Reference water sample T99
metal BB-4 GB-1 Sample Standard Number of
mean deviation analyses
Silver <13.5 <13.5 3 3 34
Arsenic 4.4 4.7 5.8 1.9 35
Barium 14 15 25.1 10.2 30
Cadmium 14 14 4.7 1.5 49
Chromium 45 46 16.3 6.5 51
Copper 19 21 27.9 4.6 51
Mercury <.243 <.243 - - -
Nickel <37.8 <37.8 5. - 26
Lead <18.6 <18.6 4.7 3.4 21
Antimony <23.8 <23.8 3.4 1.4 8
Selenium 21 20 9.8 3.4 31
Thallium <6.99 <6.99 3.5 1.7 4
Zinc <20.1 36 36 7.3 54
1 "less than" symbol (<) indicates constituent not detected in

sample and for which the laboratory has been certified by the

U.S. Army Toxic and Hazardous Materials Command; number shown is
detection limit
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reported by USATHEMA for samples BB-4 and GB-1 were similar to one another,
they were high compared to the mean chromium concentration reported for the
reference sample. Concentrations of the remaining metals typically were
within a standard deviation of the mean concentration.

Inorganic Constituents and Cyanide

The National Water Quality Laboratory analyzed samples of ground water
from wells for chemical and physical properties and selected chemical
constituents. The results of these analyses are presented in table 8.
Neither the bedrock nor the confined glacial aquifer contained unusually
high concentrations of any of these inorganic constituents or cyanide. The
highest temperature and pH values observed in water from all wells, 20.0 °C
and 11.8““3&‘respectively, were in ground water from well 95-1. The
hydration of cement used in the construction of this newly completed well
probably affected these and other measurements of the sample.

The results of sample analyses from wells screened in the unconfined
aquifer generally were similar to those obtained from the drive-point
sampling. Like the drive-point-sampling results, all concentrations of
nitrate (as nitrogen) were less than the USEPA primary drinking-water
regulation of 10 mg/L (U.S. Environmental Protection Agency, 1976). The
highest chloride concentration, 210 mg/L, at well 31-2A was similar to the

results of drive-point sampling, where a chloride concentration of 250 mg/L
was found at site E-4 (fig. 19).

Cyanide was detected in concentrations less than 1.0 pg/L at four wells:
9-D, 9-E, 92-5, and CAF-2 (fig. 4). Cyanide appears to have been used
extensively in plating operations at building 24. Low cyanide concen-
trations only 1,000 ft downgradient from building 24 could reflect the
tendency for cyanide to form strong soluble complexes with metal ions; the
relatively large size of such ligands can inhibit their movement in the

aquifer (Hem, 1985, p. 124). Cyanide was not detected in any of the deep
wells (fig. 19).

Trace Metals and Volatile Organic Compounds |
|
A USATHEMA contract laboratory analyzed samﬁles of ground water from
wells for 14 trace metals and six VOCs. Results of these analyses are shown
in table 9. Five replicate samples also were sent to the contract
laboratory. Results of these analyses compare well with the original

analyses. Results of analyses of the replicate samples and USGS samples for
TCE are included in the table.

The metals mercury and cadmium were detected in concentrations greater
than the USEPA primary drinking-water regulations of 2 pg/L and 10 pug/L,
respectively. Mercury was detected in water frém all three aquifers in
concentrations greater than 2 pg/L. Water from \well 65-1, screened in the
bedrock aquifer, contained mercury in a concentration of 2.23 pug/L, and
water from wells 112-3 and 9-B, screened in the unconfined aquifer, had
concentrations of 2.09 ug/L and 2.67 ug/L, respectively. The mercury
concentrations found in these three wells could be the result of sampling-
or shipment-related cross-contamination from water samples preserved with
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Table 8.--Results of analyses of ground-water sg%gles for chemical and physical properties, and selected
chemical constituents

[ALL constituents are dissolved; concentrations in milligrams per liter, except as noted;
a dash (-) indicates constituent not determined; <, less than; °C, degrees Celsius;
uS/cm, microsiemens per centimeter at 25 degrees Celsius; all wells sampled October or November 1987]

Field Lab

Well Local Temper - Field alka- specific 3 o Ammonia + NO2 +
num- well ature Dissolved pH linity conductance Ammonia Nitrite organic N NO3
ber identifier (°C) oxggen (units) (as CaC03) (uS/cm) (as N) (as N) (as N) (as N)

(P00010) (PO0300) (P00403)  (P00410) (P90095) (P00608) (P00613) (P00623)  (P00630)
270974 10-3 19.0 0.5 6.30 63 193 0.07 <0.01 - <0.10
270968 10-3A 13.0 6.1 7.60 - 235 - - - -
270969 10-4 14.0 12.5 8.60 87 413 .03 <.01 <0.2 .19
270958 111-1 17.0 4 6.1 58 474 .39 <.01 .8 <.10
270959 111-2 17.0 1.2 6.30 56 287 .01 <.01 <.2 1.70
270944 112-1 13.0 .2 6.50 70 440 <.01 .02 <.2 1.40
270953 112-10 16.0 4.7 6.56 37 494 <.01 <.01 <.2 1.90
270945 112-2 14.0 10.6 6.10 20 217 <.01 <.01 <.2 2.70
270946 112-3 12.5 .6 7.95 155 809 .07 <.01 <.2 <.10
270947 112-4 12.5 A 7.60 158 886 .10 <.01 .3 <.10
270948 112-5 14.0 5.4 7.76 62 242 <.01 <.01 <.2 4.00
270949 112-6 13.0 .5 7.68 143 686 .02 <.01 .8 <.10
270950 112-7 13.0 A 7.96 430 437 .05 <.01 <.2 <.10
270951 112-8 14.0 4.5 6.96 42 630 <.01 <.01 .2 2.30
270952 112-9 15.0 .5 8.35 184 557 <.01 .03 <.2 .89
270267 129-0BS 15.0 2.0 6.20 70 681 <.01 <.01 <.2 97
270333 130-3 18.5 A 5.90 52 513 1.70 <.10 1.8 77
270327 24-1 13.5 .03 6.40 88 362 .60 <.01 1.0 <.10
270083 3020 13.5 .6 7.50 158 567 .01 <.01 1.3 <.10
270336 31-1 17.0 .5 6.26 57 408 <.01 05 <.2 1.20
270963 31-2A 17.0 1.5 6.53 144 861 1.40 <.01 1.8 <.10
270330 31-3A 18.5 .5 6.70 89 401 .36 <.01 .9 37
270964 31-5 16.0 1.0 6.21 76 687 .01 <.01 4 1.60
270331 34-1 19.5 .5 6.20 49 31 <.01 <.01 <.2 .38
270967 34-2 19.0 .9 6.20 60 398 <.01 <.01 <.2 .61
270970 39-1 14.0 3.7 8.60 103 288 .04 <.01 <.2 <.10
270971 39-2 12.0 11.6 8.30 92 324 .03 <.01 <.2 <.10
270937 41-1 12.0 9.4 6.40 46 308 <.01 <.01 <.2 1.40
270938 41-2 12.0 8.9 6.60 68 334 .01 <.01 <.2 1.20
270939 41-3 11.0 .1 8.60 72 176 .04 <.01 <.2 <.10
270940 41-4 12.0 .5 8.62 64 166 .12 <.01 .2 <.10
270941 41-5 13.0 7 7.57 157 746 .02 .02 <.2 .21
270942 41-8 12.0 7.8 7.04 421 <.01 <.01 <.2 .99
270943 41-9 12.5 .5 7.64 184 759 1 <.01 .3 <.10
270337 64-1 18.5 .4 6.80 3 232 .09 <.01 <.2 <.10
270246 65-1 12.5 A 8.30 148 262 .01 <.01 <.2 <.10
270247 65-2 12.0 4.3 8.60 72 226 .01 <.01 <.2 <.10
270248 65-3 15.5 1.2 8.50 89 154 .08 <.01 <.2 <.10
270249 65-4 14.0 1.9 7.70 204 826 <.01 <.01 <.2 1.40
270093 9-A 19.0 .4 7.70 124 426 .9% <.01 .9 .23
270094 9-B 18.0 A 7.67 129 460 41 .01 1.0 .22
270095 9-C 18.0 .4 6.57 166 436 .75 <.01 1.1 <.10
270961 9-D 11.0 .5 7.28 112 436 .90 <.01 1.1 16
270962 9-E 19.0 NA 7.16 153 739 .26 .02 7 1.00
270955 92-3 15.5 .4 8.80 106 382 .0 <.01 <.2 .48
270956 92-4 16.0 A 6.58 73 602 .02 <.01 <.2 14
270957 92-5 16.0 A 5.70 31 394 .03 05 <.2 14
270972 95-1 20.0 4.1 11.80 302 - .53 .01 .8 <.10
270973 95-2 13.5 - 8.9 90 281 .06 <.01 .2 <.10
270242 CAF-1 12.5 .2 7.17 266 214 .04 <.01 .3 <.10
270243 CAF-2 16.0 4.8 6.80 115 499 03 <.01 A <.10
270244 CAF-3 14.5 .3 8.00 104 245 .01 <.01 .2 <.10
270245 CAF-4 14.0 .2 7.70 128 306 04 <.01 <.2 <.10
270304 CAF-5 17.0 1 6.39 120 752 64 <.01 ) <.10
270960 CAF-6 16.0 .3 7.60 98 404 02 <.01 A <.10
270280 H-2 16.5 .2 9.20 10 265 <.01 <.01 .2 <.10
270281 H-3 14.0 1 9.20 66 140 .08 <.01 .3 <.10
270282 H-4 18.5 2.1 6.30 - 362 <.01 <.01 4 1.3
270239 I 14.0 .6 7.70 169 827 <.01 .03 <.2 .62
270954 1-2 13.0 .5 8.10 84 506 .04 <.01 <.2 .14
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Table B8.--Results of analyses of ground-water samples for chemic%l and physical properties, and selected
chemical constituents--Continu

|
Well Local

num- well Phos- Ortho- Organic . . Magne- . Potas-
ber identifier phorus phosphate carbon Cyanide Calcium sium Sodium  sium
(PO0665)  (PDD671)  (PO0681) (PO0723) (PO0915) (P00925) (PO0930) (PO0935)
270974 10-3 0.02 - - - 18 12 1.7 0.3
270968 10-3A - . 4.0 <0.01 24 4.2 12 2.6
270969 10-4 .03 0.02 0.4 <.01 30 13 29 1.8
270958 111-1 .01 .01 4.9 <.01 20 6.6 60 3.4
270959 11-2 .01 <.01 1.3 <.01 17 3.8 3 2.8
270944 112-1 <.01 <.01 1.1 <.01 24 13 35 3.2
270953 112-10 <.01 <.01 1.1 <.01 24 4.1 59 3.1
270945 112-2 <.01 <.01 .7 <.01 | 14 3.3 18 1.6
270946 112-3 04 .04 1.4 <.01 67 21 65 1.3
270947 12-4 .03 .02 2.1 <.01 61 21 86 1.5
270948 112-5 02 .01 .9 <.01 16 7.3 13 2.6
270949 112-6 03 .01 1.1 <.01 41 21 67 1.8
270950 112-7 03 .04 .7 <.01 41 13 23 1.1
270951 112-8 .03 <.01 .8 <.01 20 4.5 89 3.5
270952 112-9 <.01 .02 .9 <.01 44 22 34 1.3
270267 129-08BS .01 .01 3.2 <.01 32 7.6 74 41
270333 130-3 .01 <.01 1.5 <.01 7.6 2.2 83 2.6
270327 24-1 .10 .10 6.9 <.01 28 3.8 36 1.8
270083 3020 <.01 .01 .8 - 50 22 31 1.7
270336 31-1 .03 <.01 2.8 <01 | 20 4.4 45 1.1
270963 31-2A <.01 .01 9.2 <.01 | 49 9.6 110 4.0
270330 31-3A .03 .01 12 <.01 11 .79 73 1.5
270964 31-5 <.01 <.01 3.4 <.01 34 5.2 89 4.6
270331 34-1 <.01 <.01 1.6 <.01 16 4.6 36 2.7
270967 34-2 .02 <.01 4.7 <.01 18 2.4 54 341
270970 39-1 .08 .05 1.4 <.01 14 3.9 39 2.3
270971 39-2 .04 .04 .5 <.01 36 10 8.5 1.0
270937 41-1 .01 <.01 WA <.01 15 6.1 33 1.2
270938 41-2 .02 <.01 .8 <.01 17 7.3 34 1.2
270939 41-3 .13 N A <.01 19 4.2 8.6 .6
270940 41-4 06 .06 .6 <.01 19 1.3 10 NA
270941 41-5 <.01 <.05 .9 <.01 55 20 60 1.6
270942 41-8 <.01 <.01 .8 <.01 30 12 34 1.3
270943 41-9 .01 .02 1.9 <.01 48 19 80 7
270337 64-1 02 .02 1.9 <.01 18 5.8 15 .8
270246 65-1 02 .02 .5 <.01 23 12 12 1.6
270247 65-2 .03 .03 .6 <.01 23 7.9 4.7 .8
270248 65-3 .10 .08 .5 <.01 17 2.1 11 .5
270249 65-4 .01 <.01 .7 <.01 56 24 67 1.8
270093 9-A .01 .02 5.0 <.01 17 2.9 63 3.7
270094 9-8 .55 52 18 <.01 8.3 1.1 89 1.7
270095 9-C .06 .07 5.1 <.01 43 5.8 42 5.6
270961 9-D .03 .03 13 .02 8.5 .99 83 1.5
270962 9-E .06 .06 16 .04 25 3.6 120 5.0
270955 92-3 .06 .05 .7 <.01 37 16 10 .9
270956 92-4 .01 <.01 1.0 <.01 26 12 7 1.8
270957 92-5 .02 . 1.8 .06 | 6.1 1.9 64 1.5
270972 95-1 <.01 <.01 2.3 <.01 80 <.01 61 6.7
270973 95-2 .10 1 A <.01 8.3 1.9 46 1.3
270242 CAF-1 <.01 .03 .5 <.01 23 8.2 3.5 2.6
270243 CAF-2 .04 .04 12 .22 3.2 .7 97 .7
270244 CAF-3 .06 .04 .6 <.01 26 9.7 5.1 .8
270245 CAF-4 <.01 .01 7 <.01 32 11 13 1.2
270304 CAF-5 <.01 .15 5.4 <.01 30 10 86 2.9
270960 CAF-6 .03 .01 .9 <.01 32 15 22 1.3
270280 H-2 .05 .03 .5 <.01 26 12 6.8 5.1
270281 H-3 .19 A7 A <.01 16 b 12 .9
270282 H-4 <.01 .02 .8 <.01 20 8.2 33 1.4
270239 I .02 .02 .8 <.01 55 24 73 1.6
270954 1-2 .03 03 .5 <.01 48 16 20 1.1
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Table 8.-- Results of analyses of ground-water samples for chemical and physical properties, and selected
chemical constituents--Conti

Well Local 3
num- well . Silica
ber identifier Chloride Sulfate Fluoride (Si02)
(P00940) (P00945) (PO0950) (P00955)

270974 10-3 2.9 5.7 0.1 6.3
270968 10-3A 10 24 .1 1"
270969 10-4 52 24 .2 13
270958 111-1 9N 27 1 16
270959 111-2 39 17 1 9.5
270944 112-1 65 30 .1 12
270953 112-10 110 22 .1 7.4
270945 112-2 35 16 A 7.7
270946 112-3 91 110 .1 23
270947 112-4 98 110 .2 25
270948 112-5 18 22 .1 11
270949 112-6 91 56 A 11
270950 112-7 42 49 .2 9.3
270951 112-8 170 12 .1 7.5
270952 112-9 53 27 .1 21
270267 129-08BS 140 27 .1 10
270333 130-3 110 28 .1 14
270327 24-1 46 23 .2 15
270083 302D 66 22 A 18
270336 311 66 22 .1 7.7
270963 31-2A 210 17 1 12
270330 31-3A 44 31 A 7.0
270964 31-5 150 17 . 8.3
270331 34-1 49 21 B 12
270967 34-2 73 13 A1 8.0
270970 39-1 18 34 .3 11
270971 39-2 34 25 .2 13
270937 41-1 45 18 .2 11
270938 41-2 48 19 .1 12
270939 41-3 4.1 12 .2 10
270940 41-4 3.3 11 .3 9.6
270941 41-5 120 32 1 12
270942 41-8 55 18 1 14
270943 41-9 85 78 .1 20
270337 64-1 25 8.1 .2 9.1
270246 65-1 11 15 .1 9.9
270247 65-2 20 24 2 12
270248 65-3 2.5 9.5 .2 10
270249 65-4 130 28 .1 17
270093 9-A 48 28 .1 8.9
270094 9-8 39 41 .6 6.1
270095 9-C 20 28 .9 "
270961 9-D 40 42 .6 6.4
270962 9-E 120 43 .3 6.5
270955 92-3 36 28 A 17
270956 92-4 110 50 .2 18
270957 92-5 65 41 2 17
270972 95-1 7.3 25 .9 22
270973 95-2 5.8 26 .6 6.9
270242 CAF-1 2.0 9.4 .2 15
270243 CAF-2 51 45 .2 7.5
270244 CAF-3 9.7 17 .2 11
270245 CAF-4 15 17 A1 11
270304 CAF-5 160 18 .1 18
270960 CAF-6 46 26 .2 15
270280 H-2 1 15 .1 8.8
270281 H-3 .8 9.9 .2 10
270282 H-4 63 25 .1 16
270239 1 140 35 1 16
270954 1-2 86 3 1 15
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Table 9.--Results of analyses of ground-water samples for selected metals and volatile organic compounds

[ALl constituents are dissolved; concentrations in micrograms per liter; dash indicates constituent not determined;
all wells sampled October or November 19871

|
|
+
|

Local

well

identi-  Arsenic Barium Ber¥llium Cadmi um Chromium Cogpe Lead Thallium Nickel Silver
fier (P01000)  (PO1005)  (P0O1010) (P01025) (P01030) (P01040)  (PO1049)  (PO1057)  (P01065)  (P01075)
10-3 3<3.07 37.7 - <5.16 6.96 <7.93 <18.6 - <37.8 <13.5
10-3A <3.07 <10.4 - <5.16 <5.96 <7.93 <18.6 - <37.8 <13.5
10-4 <3.07 29.9 - <5.16 <5.96 <7.93 <18.6 - <37.8 <13.5
111-1 <3.07 67.8 <10 <5.16 <5.96 12. <18.6 <6.99 <37.8 <13.5
111-2 <3.07 33.9 - <5.16 <5.96 <7.93 <18.6 <6.99 <37.8 <13.5
112-1 <3.07 57.4 - <5.16 <5.96 <7.93 <18.6 - <37.8 <13.5
112-10 <3.07 <10.4 - <5.16 8.13 <7.93 <18.6 <6.99 <37.8 <13.5
112-2 <3.07 26.3 . <5.16 <5.96 <7.93 <18.6 - <37.8 <13.5
112-3 . 81.5 - <5.16 10.2 <7.93 <18.6 <6.99 <37.8 <13.5
112-4 5.7 76.1 - <5.16 14.9 49 <18.6 <6.99 <37.8 <13.5
112-5 <3.07 23.7 - <5.16 8.13 <7.93 <18.6 <6.99 <37.8 <13.5
112-6 <3.07 81.2 - <5.16 14.2 <7.93 <18.6 <6.99 <37.8 <13.5
112-7 3.1 34.6 - <5.16 6.1 <7.93 <18.6 <6.99 <37.8 <13.5
112-8 <3.07 25.8 - <5.16 <5.96 <7.93 <18.6 <6.99 <37.8 <13.5
112-9 <3.07 28.1 <10 <5.16 <5.96 9.34 <18.6 <6.99 <37.8 17.5
129-0BS <3.07 88.3 - <5.16 <5.96 10.1 <18.6 <6.99 <37.8 <13.5
130-3 <3.07 27.1 - <5.16 8.13 <7.93 19.2 <6.99 <37.8 <13.5
24-1 <3.07 43.6 <10 <5.16 <5.96 15. <18.6 <6.99 <37.8 <13.5
302-D <3.07 41.5 - <5.16 21 <7.93 19.2 <6.99 <37.8 <13.5
31-1 <3.07 47.6 <10 12.7 <5.96 8.17 <18.6 <6.99 <37.8 <13.5
31-2A <3.07 166 <10 <5.16 <5.96 <7.93 18.8 <6.99 <37.8 <13.5
31-3A <3.07 27 <10 6.35 <5.96 21. <18.6 <6.99 <37.8 <13.5
31-5 <3.07 118 - <5.16 7.57 <7.93 <18.6 - <37.8 <13.5
34-1 <3.07 22.6 <10 <5.16 <5.96 9. <18.6 <6.99 <37.8 <13.5
34-2 <3.07 30.3 <10 <5.16 <5.96 <7.93 <18.6 <6.99 <37.8 <13.5
39-1 <3.07 13.7 - <5.16 <5.96 <7.93 <18.6 - <37.8 <13.5
39-2 <3.07 22.4 - <5.16 <5.96 <7.93 <18.6 - <37.8 <13.5
41-1 <3.07 11.7 - <5.16 8.79 <7.93 <18.6 - <37.8 <13.5
41-2 <3.07 11.3 - <5.16 7.3 <7.93 <18.6 - <37.8 <13.5
41-3 .5 18.3 - <5.16 <5.96 <7.93 <18.6 - <37.8 <13.5
41-4 <3.07 <10.4 <10 <5.16 <5.96 <7.93 <18.6 <6.99 <37.8 <13.5
41-5 <3.07 74.6 <10 <5.16 <5.96 <7.93 <18.6 <6.99 <37.8 <13.5
41-8 <3.07 19.6 - <5.16 <5.96 <7. <18.6 - <37.8 <13.5
41-9 <3.07 61 - <5.16 8.13 <7.93 <18.6 <6.99 <37.8 <13.5
64-1 <3.07 <10.4 <10 <5.16 <5.96 <7.93 <18.6 <6.99 <37.8 <13.5
65-1 <3.07 33.9 - <5.16 8.81 <7.93 36.8 <6.99 <37.8 <13.5
65-2 <3.07 12.5 - <5.16 <5.96 <7.93 <18.6 - <37.8 16.9
65-3 4.7 <10.4 - <5.16 <5.96 <7.93 <18.6 <6.99 <37.8 <13.5
65-4 <3.07 23.6 <10 <5.16 <5.96 <7.93 20.3 <6.99 <37.8 <13.5
9-A <3.07 25.9 - <5.16 <5.96 1.3 <18.6 <6.99 <37.8 <13.5
9-8 <3.07 <10.4 - 8.91 15.6 89.3 <18.6 <6.99 <37.8 <13.5
9-C <3.07 28.8 <10 34.9 <5.96 14.8 <18.6 <6.99 <37.8 18.8
9-D <3.07 <10.4 - 31.8 6.78 16.6 <18.6 <6.99 <37.8 <13.5
9-E <3.07 62.8 <10 <5.16 10.5 53.3 <18.6 <6.99 <37.8 <13.5
92-3 7 22 - <5.16 6.1 <7.93 32 <6.99 <37.8 <13.5
92-4 <3.07 79.3 - <5.16 8.13 <7193 35.2 <6.99 <37.8 <13.5
92-5 <3.07 51.9 - <5.16 <5.96 <7493 <18.6 <6.99 <37.8 <13.5
95-1 4.0 21.5 - <5.16 <5.96 <7.93 <18.6 - <37.8 <13.5
95-2 <3.07 <10.4 - <5.16 <5.96 <7,93 <18.6 - <37.8 <13.5
CAF-1 <3.07 20.9 <10 <5.16 <5.96 <7,93 <18.6 <6.99 <37.8 <13.5
CAF-2 <3.07 26 <10 <5.16 <5.96 15.2 <18.6 <6.99 <37.8 <13.5
CAF-3 <3.07 15.9 - <5.16 <5.96 <7,93 <18.6 <6.99 <37.8 <13.5
CAF-4 <3.07 51 <10 <5.16 <5.96 <7.93 <18.6 <6.99 <37.8 <13.5
CAF-5 <3.07 80.8 <10 <5.16 <5.96 <7.93 28.2 <6.99 <37.8 <13.5
CAF-6 <3.07 10.5 - <5.16 7.46 <7.93 <18.6 <6.99 <37.8 <13.5
H-2 <3.07 40.4 <10 <5.16 <5.96 <7493 23.5 <6.99 <37.8 17.5
H-3 5.2 12.7 <10 <5.16 <5.96 <793 <18.6 <6.99 <37.8 <13.5
H-4 <3.07 29.8 <10 <5.16 <5.96 <7.93 <18.6 <6.99 <37.8 <13.5
I <3.07 48.3 <10 <5.16 <5.96 2042 29.7 <6.99 <37.8 17.5
1-2 3.8 31.8 <10 <5.16 <5.96 <793 <18.6 <6.99 <37.8 <13.5
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Table 9.--Results of analyses of ground-water samples for selected als al latile organic ¢ - -Continued
1,1-

Local Tri- Di- 1,2-Di-
well chloro- Vinyl chloro- ch[oro-
identi- Mercur Selenium ethzlene chloride z'lene ethz'
fier (P71890) (P39180) (P39175) (P3 501) 546)
10-3 <0.243 <9.66 1.9 4Np1 ND1 <1.2
10-3A <.243 <9.66 55 ND1 ND1 <1.2
10-4 <.243 <9.66 <1 ND1 ND1 <1.2
111-1 <.243 <9.66 36.6/18 16 1.3 24.2
111-2 <.243 <9.66 6.83/7.72* ND1 ND1 2.95
112-1 <.243 <9.66 <1 ND1 ND1 <1.2
112-10 1.94 <9.66 14/20.8*  ND1 ND1 1.37
112-2 <.243 <9.66 <1 ND1 ND1 <1.2
112-3 2.09 <9.66 1760/1980/1980* ND1 ND1 <1.2
112-4 1.22 <9.66 4490/4950 ND1 ND1 <1.2
112-5 <.243 ND1 ND1 4.3
112-6 1.8 1733£3710 ND1 ND1 52.6
112-7 <,243 6430/°>160 3.6 9.4 53.7
112-8 <.243 149/180**  ND1 ND1 3.79
112-9 1.8 1637160 ND1 ND1 29.5
129-0BS .852 2.67 ND1 ND1 <1.2
130-3 464 19.8 ND1 ND1 2.63
24-1 <.243 <1 ND1 ND1 <1.2
302-D <.243 6.83 ND1 ND1 <1.2
31-1 1.8 28.7 ND1 ND1 1.37
31-2A <,243 <] 4.4 ND1 <1.2
31-3A <.243 66.3 1.6 ND1 5.47
31-5 <, 243 12.9 ND1 ND1 6.84
34-1 <.243 11.9 1 ND1 3.16
34-2 <.243 4.46 ND1 ND1 3.26
39-1 <.243 <1 ND1 ND1 <1.2
39-2 <.243 <1 ND1 ND1 <1.2
41-1 <.243 <1 ND1 ND1 <1.2
41-2 <.243 <1 ND1 ND1 <1.2
41-3 <.243 <1 ND1 ND1 <1.2
41-4 .583 <1 ND1 ND1 <1.2
41-5 <.243 16.1/4.06 ND1 ND1 2.74
41-8 <.243 <1 ND1 ND1 <1.2
41-9 <.243 1020/1980/2400%* ND1 ND1 316
64-1 .927 2.08 ND1 ND1 <1.2
65-1 2.23 4.55 ND1 ND1 1.58
65-2 <.243 <1 ND1 ND1 <1.2
65-3 <.243 53.5 ND1 ND1 4.63
65-4 <.243 <1 ND1 ND1 <1.2
9- 1.94 198 20 ND1 73.7
9-B 2.67 495/1500** ND1 ND1 21.1
9-C <.243 9 ND1 2.11
9-D <.243 447/396/594* ND1 ND1 <1.2
9-E <.243 2300/ >160/1980*  NDA1 ND1 42.1
92-3 <.243 24,300/139 ND1 ND1 <1.2
92-4 <.243 1680/ >160 ND1 ND1 4.42
92-5 - 1780/ - /4500** - - .
95-1 <,243 <1 ND1 ND1 <1.2
95-2 <.243 <1 ND1 ND1 <1.2
CAF-1 <.243 <1 ND1 ND1 <1.2
CAF-2 .635 >160/580%* 3 3.1 >160
CAF-3 A <, 243 396 ND1 ND1 «<1.
CAF-4 .8 1.07 >160 ND1 ND1 25.3
CAF-5 1 <.243 4.06 ND1 ND1 4.74
CAF-6 1 <.243 1070/990 ND1 ND1 21.1
H-2 4 <.243 <1 ND1 ND1 <1.2
H-3 .1 <.243 <1 ND1 ND1 <1.2
H-4 N 1.07 19.8 ND1 ND1 <1.2
I .2 <.243 4.55 ND1 ND1 <1.2
1-2 21 <.243 <1 ND1 ND1 <1.2

Lvalues preceeding are results of USGS sampling in August 1987; values following are results of replicate sampling (*) or

USGS sampling in March 1988 (**)
2Includes both cis- and trans-1,2-dichloroethylene

3uless than" symbol (<) indicates constituent not detected in sample and for which the laboratory has been certified by

the U.S. Army Toxic and Hazardous Material Command

4ND indicates constituent not detected in sample and for which the laboratory has not been certified by the U.S. Army
Toxic and Hazardous Materials Command

Sugreater than" symbal (>) indicates constituent found in sample in concentration greater than the certified upper
detection limit
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mercuric chloride. Mercury was detected in concentrations near the
detection limit in water from the confined gladial aquifer.

Cadmium was detected in concentrations greater than the primary
drinking-water regulation of 10 pg/L (U.S. Environmental Protection Agency,
1976) in the unconfined aquifer only. This metal was found in
concentrations of 12.7, 34.9, and 31.8 ug/L in water from wells 31-1, 9-C,
and 9-D, respectively. Cadmium appears to have moved little from the source
of contamination at building 24. Copper concentrations also were high, but
only near building 24. Copper was found in concentrations greater than 50
pg/L, the secondary drinking-water standard, at wells 9-B and 9-E. At other
wells in the contaminated area, copper was detected in concentrations less
than 25 ug/L.

Arsenic, chromium, and silver were detected in concentrations less than
20 pg/L in water from a number of wells screened in the unconfined aquifer.
Arsenic and silver were detected in the confined glacial aquifer, whereas
chromium and silver were detected in the bedrock aquifer.

Lead was not detected in concentrations greater than 50 pg/L in any of
the water samples from wells. 1In the bedrock aquifer, lead was found in
concentrations that ranged from 19.2 to 36.8 pg/L. In the unconfined
aquifer, lead was detected in scattered wells with no apparent pattern.

Lead concentrations in wells 112-9 and 112-10 did not correspond to the high
concentrations found at nearby drive-point site B-1.

Zinc was detected in a number of wells scattered throughout the study
area. The high concentration (1,090 pg/L) in well 129-obs probably is a
result of the galvanized-steel casing of this well. However, well 112-4 has
a stainless-steel casing and contained a zinc concentration of 4,149.9 pug/L.
The metals beryllium, thallium, nickel, antimony, and selenium were below
the detection limits, which ranged from 6.99 to 37.8 ug/L. Metals may have
been adsorbed onto clay particles mear building 24 and, therefore, did not
move downgradient with the ground-water flow.

VOCs were detected in all three aquifers. , In the bedrock aquifer, wells
10-3A and 65-1 contained measurable amounts of TCE. However, the TCE
concentration of 55 ug/L in well 10-3A at a depth of 265 ft was unexpected,
because this site is assumed to be upgradient from the contamination source
at building 24. 1In addition, the surface casing of well 10-3A is set in
bedrock to prevent the movement of contaminantis down the borehole and into
the well screen. Therefore, the concentration of TCE in this well is
considered to be suspect until verified by resampling. A TCE concentration
of 4.55 pg/L was determined for the water sample collected from well 65-1.
Previously, samples from well 65-1 had contaided low concentrations of TCE
(13-50 pg/L; Sargent and others, 1986, p. 66); the current result is similar
to the earlier data. |

In the confined glacial aquifer, water from wells 65-3, CAF-3, and CAF-4
had detectable concentrations of VOCs. Resultis of 1983 analyses showed TCE
concentrations in water from well 65-3 that ranged from 2 to 80 pg/L
(Sargent and others, 1986, p. 63). However, the detection of 1,1,1-
trichloroethenwe and cis-1,2-dichloroethylené in these wells differs from
results of 1983 sampling, when these compoundj were not detected. Water
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from wells CAF-3 and CAF-4 previously contained TCE concentrations in the
range of 51.3 to 180 pg/L. Current results (396 pg/L and greater than 160
pg/L, respectively) show that TCE is still present in these wells. Results
of 1987 sampling also showed detectable concentrations of
tetrachloroethylene, 1,1,1-trichloroethylene, and cis-1,2-dichloroethylene.

In the unconfined aquifer, concentrations of TCE in observation wells
follow the distribution determined from the 1986 drive-point sampling.
Drive-point water-quality data and well water-quality data may be compared
with caution, because the two sampling plans are not completely comparable.
The areal distribution of observation wells is more extensive than the
distribution of drive-point-sampling locations, whereas the reverse is true
for the vertical distribution of drive-point sites in comparison to the
well-screen locations. Figures 28, 29, and 30 show lines of equal TCE
concentration determined from results of drive-point and well sampling at
altitudes, 650, 670, and 690 ft, respectively.

Results of well sampling in 1987 indicate that, at its base (the 650-ft
altitude), the plume appeared to have moved downgradient since the drive-
point samples were collected (fig. 29). 1In August 1987, water samples from
well 92-3 (screened from 50.2 to 55.2 ft) contained a TCE concentration of
24,300 pg/L; samples collected during October and November 1987 contained
139 pg/L. Two samples from well 92-4 (screened from 38.0 to 43.0 ft), which
is at the same location but is screened 7.2 ft nearer the ground surface
than well 92-3, contained TCE concentrations greater than 160 and 1,680
pg/L, respectively. Because concentrations of TCE tend to increase with
depth in this area, the value of 24,300 pg/L may be representative of the
water quality at the 650-ft altitude.

Figure 29 shows the concentration of TCE in ground water at the 670-ft
altitude. The area within the l-pg/L contour line is larger than the area
originally delineated as a result of drive-point sampling. Near Green Pond
Brook, the 1,000-ug/L contour line is elongated to include well 41-8.
Samples collected during August 1987 to March 1988 showed concentrations of
TCE that ranged from 1,020 to 2,400 upg/L. The concentration of 29 ug/L in
water from well 31-1 is similar to the low concentrations found at drive-
point site E-3. Buried foundations or old drainage lines may have caused
contaminants to bypass this area. Water from well 9-D, near well 31-1,
exhibited higher concentrations ranging from 396 to 594 ug/L.

At the 680- to 690-ft altitude, near the top of the water table, the 1-
pg/L contour line encloses a large area (fig. 30). Because data points are
scattered, pockets or separate plumes in the building 31 area may be mapped
as part of the building 24 plume. The value of 12.9 ug/L observed in water
from well 31-5 may reflect contamination originating from a source other
than building 24. The 100-ug/L contour line appears to have been displaced
downgradient since the drive-point samples were collected. In contrast to
the results of drive-point sampling, no concentrations greater than 10,000
pg/L were found at the building 24 site.

The distribution of the five other VOCs shown in table 8 could not be

mapped. 1,2-Dichloroethylene, the most frequently detected VOC other than
TCE, was found in concentrations greater than 160 pg/L in water from well
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Figure 28.--Concentration of trichloroethylene in ground-water samples from
1986 drive-point and 1987 well sampling at the 650-foot altitude.
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Figure 29.--Concentration of trichloroethylene in ground-water samples from
1986 drive-point and 1987 well sampling at the 670-foot altitude.
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Figure 30.--Concentration of trichloroethylene in ground-water samples from
1986 drive-point and 1987 well |sampling at the 680- to 690-foot

altitude. !
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CAF-2 and 316 pg/L in water from well 41-9. Vinyl chloride, 1,1,1-
trichloroethane, tetrachloroethylene, and 1,1-dichloroethylene were found
only in concentrations less than 80 pg/L.

Base/Neutral- and Acid-Extractable Organic Compounds, Pesticides, and
Polychlorinated Biphenyls

Eleven wells were sampled for analysis of base/neutral- and acid-
extractable compounds, pesticides, and PCBs. The local identifiers of these
11 wells are listed below: 10-3, 111-1, 112-9, 302-D, 31-2A, 41-2, 41-9, 9-
E, 92-3, CAF-2, and CAF-3.

Table 10 shows the compounds analyzed for and their corresponding
detection limits. Only two of the compounds listed were detected. Bis (2-
ethylhexyl) phthalate was detected in six samples in concentrations less
than 5 pg/L. This compound is abundant in the environment. At the low
concentrations found, its presence probably is an artifact of field or
laboratory procedures rather than an indication of ground-water
contamination. PCB 1260 was found in the water sample from well 31-2A at a
concentration of 530 pg/L. This well is located in the building 31 area,
from which suspected contaminated soil had been removed, so that this value
likely indicates ground-water contamination.

Surface Water

During 1986 and 1987, water samples were collected at three sites on
Green Pond Brook for analysis of VOCs: SQ-1, Green Pond Brook at Farley
Avenue; SQ-2, Green Pond Brook at First Street; and SW-3, Green Pond Brook
at Wharton. The locations of the sampling sites are shown on figure 16.
Site 8Q-1 is upstream from the reach affected by the ground-water
contamination at building 24 and is indicative of background stream-water
quality. Site SQ-2 is just downstream from the reach where contaminated
ground water discharges into the stream. Water quality at this site
typifies the quality of the stream water at the point where it is most
affected by the inflow of contaminated ground water. Water quality at site
SW-3, at the lower-stream gaging station, exemplifies the water quality of
the stream just before it exits the arsenal. The results of these analyses
are shown in table 11.

The data indicate that the concentration of TCE or cis- and trans-1,2-
dichloroethylene occassionally increased slightly between sites SQ-1 and SQ-
2. At site 5Q-1, neither TCE nor dichloroethylene (DCE) was detected above
the detection limit of 3.0 pg/L in any of the 10 samples. In one sample
collected at site SQ-1 in October 1986, tetrachloroethylene (PCE) was
detected at 4.6 pug/L; the source of this PCE is unknown. At site SQ-2, TCE
was detected in 5 of 10 samples at concentrations ranging from 2.5 to 3.8
pg/L, and DCE was detected in 6 of 10 samples at concentrations ranging from
2.3 to 11 pg/L. This slight increase in TCE and DCE concentrations probably
reflects the inflow of contaminated ground water from the building 24 plume.
The concentrations of these contaminants probably are reduced to near
detection limits by the processes of dilution and volatilization as the
relatively small volume of contaminated ground water discharges into the
much larger volume of stream water.
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Table 10.--Detection limits of selected priority pollutants and
other compounds determined in samples from 11 wells

Detection limit
Compound (micrograms per liter)

Base/Neutral-Extractable Organic Compounds

Benzo (g,h,i) perylene IND 1.7
1,2-Dichlorobenzene ND 1.7
1,3-Dichlorobenzene ND 1.7
1,4-Dichlorobenzene ND 1.7
Hexachlorobenzene ND 1.6
Naphthalene ND .5
Nitrobenzene ND 2
2,4-dinitrotoluene ‘ ND 4.5
2,6-dinitrotoluene ND .79
4-Bromophenyl phenyl ether ND 4.2
4-Chlorophenyl phenyl ether ; ND 5.1
Phenanthrene ND .5
Pyrene ND 2.8
Anthracene ND .5
Benzo (a) anthracene ND 1.6
Benzo (b) fluoranthene ‘ ND 5.4
Acenphthylene ‘ ND .5
Acenaphthene ND 1.7
Dimethyl phthalate ND 1.5
Fluoranthene | ND 3.3
Fluorene : ND 3.7
Hexachlorocyclopentadiene \ ND 8.6
Hexachloroethane | ND 1.5
Indeno (1,2,3-c,d) pyrene ND 8.6
bis (2-Chloroethyl) ether ND 1.9
bis (2-Ethylhexyl) phthalate ND 4.8
Isophorone | ND 4.8
N-Nitrosodi-n-propylamine ND 4.4
N-Nitrosodiphenylamine ND 3
1,2,4-Trichlorobenzene ND 1.9
Di-n-octyl-phthalate : ND15
3,3-Dichlorobenzidine ND12
Di-n-butyl phthalate ND 3.7
Hexachlorobutadiene ND 3.4
Dibenzo (a,h) anthracene ND 6.5
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Table 10.--Detection limits of selected priority pollutants and

other compounds determined in samples from 11 wells--
Contirued

Detection limit
Compound (micrograms per liter)

Acid-Extractable Organic Compounds

Phenol

2-Nitrophenol 2<3.7
4-Nitrophenol <12
2,4-Dinitrophenol <21
Pentachlorophenol <21
2-Chlorophenol <1.1
2,4-Dichlorophenol <1
2,4,6-Trichlorophenol <4.2
2,4-Dimethylphenol <2.1

Pesticides and Polychlorinated Biphenyls

Alpha-Endosulfan ND 5
Beta-Endosulfan ND 5
Alpha-benzenehexachloride ND 5
Beta-benzenehexachloride ND 5
Delta-benzenehexachloride ND 5
Aldrin <.07
Dieldrin <.06
2,2-Bis (Para-chlorophenyl)-1,1-di-

chloroethene <.053
2,2-Bis (Para-chlorophenyl) -1,1-di-

chloroethane ND 5
2,2-Bis (Para-chlorophenyl)-1,1,1-tri-

chloroethane <.07
Chlordane ND100O
Endrin aldehyde ND 5
Heptachlor ND 5
Heptachlor epoxide ND 5
Lindane ND 5
Toxaphene ND558
Polychlorinated biphenyl 1016 ND370
Polychlorinated biphenyl 1221 ND300
Polychlorinated biphenyl 1232 ND300
Polychlorinated biphenyl 1242 ND300
Polychlorinated biphenyl 1248 ND300
Polychlorinated biphenyl 1254 ND300
Polychlorinated biphenyl 1260 ND410
Endrin <.052
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Table 10.--Detection limits of selected priority pollutants and
other compounds determined in samples from 11 wells-—-—
Continued

| Detection limit
Compound . (micrograms per liter)

Other Compounds

4-Chloroaniline ND 8
Benzoic acid <8
Benzyl alcohol ‘ <.72
4-Nitroanaline : ND 5.2
Bis (2-Chloroethoxy) methane ND 1.5
Bis (2-chloroisopropyl) ether ND 5.3
4-Methylphenol <5.2
2-Methyl-napthalene ND 1.7
2-Nitroanaline ND 4.3
Dibenzofuran | ND 1.7
2-methyl-4,6 Dinitrophenol f <17
Methylphenol <.5
3-Nitroaniline ND 4.9
3-Methyl-4-chlorophenol <.84
2,4,5-Trichlorophenol <5.2

1 ND indicates constituents not detected in sample and for which
the laboratory has not been certified by the U.S. Army Toxic
and Hazardous Materials Command ’

2 "less than" symbol (<) indicates constituents not detected in
sample and for which the laboratory has been certified by the
U.S. Army Toxic and Hazardous Materials command
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Table 11.--Concentrations of volatile organic compounds
detected in samples from Green Pond Brook
[Site locations shown in figure 15; ft3/s, cubic feet
per second; pg/L, micrograms per liter; <, less than;
double dash indicates discharge not measured]

Trichloro- c¢is+trans-1,2- Tetrachloro-
Date Time  Streamflow ethylene Dichloroethylene ethylene
(££3/s) (ug/L) (ng/L) (ng/L)

Site SQ-1 Green Pond Brook at Farley Avenue

08-07-86 1730 -- <3.0 <3.0 <3.0
09-10-86 1805 -- <3.0 <3.0 <3.0
10-29-86 1500 -- <3.0 <3.0 4.6
03-12-87 1220 -- <3.0 <3.0 <3.0
04-30-87 1550 -- <3.0 <3.0 <3.0
05-20-87 1110 -- <3.0 <3.0 <3.0
06-04-87 1313 -- <3.0 <3.0 <3.0
08-25-87 1125 -- <3.0 <3.0 <3.0
09-29-87 1355 -- <3.0 <3.0 <3.0
11-09-87 1150 -- .3 <.20 <.20
Site SQ-2 Green Pond Brook at First Street
08-07-86 1850 -- <3.0 <3.0 <3.0
09-10-86 1820 -- 3.5 5.7 <3.0
10-29-86 1445 -- 3.6 11 <3.0
03-12-87 1425 -- <3.0 <3.0 <3.0
04-30-87 1605 -- <3.0 5.4 <3.0
05-20-87 1055 -- 3.8 4.8 <3.0
06-04-87 1337 -- <3.0 <3.0 <3.0
08-25-87 1140 -- 3.6 5.8 <3.0
09-29-87 1415 -- <3.3 <4.7 <3.0
11-09-87 1210 -- 2.5 2.3 .20
Site SW-3 Green Pond Brook at Wharton
08-07-86 1830 22 <3.0 <3.0 <3.0
09-10-86 1835 11 <3.0 <3.0 <3.0
03-12-87 1550 43 <3.0 <3.0 <3.0
04-30-87 1616 35 <3.0 <3.0 <3.0
05-20-87 1030 15 <3.0 4.2 <3.0
06-04-87 0742 7.8 <3.0 <3.0 <3.0
08-25-87 1105 8.9 <3.0 3.0 <3.0
09-29-87 1440 26 <3.0 <3.0 <3.0
11-09-87 1230 27 1.8 1.9 <.20

83



i

As Green Pond Brook flows downstream from site SQ-2, further dilution by
surface-water and ground-water inflow to the stream and volatilization from
the water surface reduce the already low concentrations of TCE and DCE in
the stream. At site SW-3, concentrations of TCE were less than 3.0 pg/L in
all of the nine samples and DCE was detected in only one sample at a concen-
tration of 3.0 pug/L and in a second sample at a concentration of 4.2 pug/L.
The reach of Green Pond Brook between sites SQ-2 and SW-3 is deep and slow-
moving with few riffles and little aeration. he volatilization of VOCs
from this reach probably is low. The reach immediately downstream from site
SW-3, however, is steep and fast-moving, and characterized by a rocky chan-
nel with many small falls and riffles. Volatilization in this reach would
be expected to remove any traces of TCE or DCE remaining in the stream.

Ground Water Discharging to Gréen Pond Brook

In order to determine the extent of contamination in ground water that
discharges to Green Pond Brook, a series of water samples was collected from
beneath the bed of Green Pond Brook for VOC analysis. These samples were
collected through 0.25-in.-I.D. stainless-steel tubing, which was slotted in
the bottom 3 in. The tubing was driven about 2 ft into the streambed, and a
peristaltic pump with Teflon and silicone tubing was used to pump a sample
from beneath the streambed. These samples were screened in the field by
using a photo-ionization detector for headspace analysis in a 40-mL VOC vial
half-filled with sample water. Water samples also were analyzed at the USGS
laboratory in Trenton, New Jersey, by a method equivalent to USEPA Methods
601 and 602 (Longbottom and Lichtenbery, 1982). Cis-1,2-dichloroethylene
and TCE were the only compounds detected in elevated concentrations. The
results of these analyses are presented in tab#e 12.

The seven sampling locations are shown in figure 31. At the first few
sites, samples were collected near the left edge of the channel, at the
center of the channel, and near the right edge |of the channel. When it
became apparent that only the samples from the right edge of the channel
contained elevated concentrations of organic constituents, the channel-
center and left-bank samples were discontinued, and subsequent samples were
collected at more closely spaced intervals alo?g the right bank.

The streambed-sample results closely agree |with estimates of the
dimension of the plume based on drive-point and observation-well data. The
highest concentrations of TCE and DCE were found at sites GPB-3 to GPB-5 in
the area of correspondingly high concentrations of these compounds in the
water-table aquifer. Maximum concentrations of TCE were as high as 2,800
pg/L and maximum concentrations of DCE were aslhigh as 1,400 pg/L. The
ratio of DCE to TCE was higher in the streambed-water samples than in the
ground-water sample. This observation is in agreement with the higher ratio
of DCE to TCE found in stream-water samples than in ground-water samples.
Further reductive dechlorination may be occurring either just beneath the
water table or within the streambed, as the ground water discharges into the
stream. The upper 10 to 15 ft of the subsurface in this area contains a
large amount of peat, which may be responsible for the reducing conditions
necessary for further TCE dechlorination. Organic matter within the

streambed also may contribute to this process.i



Table 12.--Concentrations of trichloroethylene and cis-1,2-

dichloroethylene in ground-water samples from

beneath the streambed of Green Pond Brook,

July 14,

1987

[All concentrations

in micrograms per liter; <, less than]

Cis-1,2-
Part of dichloro- Trichloro-
Site channel ethylene ethylene
GPB-1 LEFT <1l <1l
CENTER 2.3 <1
RIGHT 2.3 12.8
GPB-2 LEFT <1 <1
CENTER 2.1 <1
RIGHT 4.0 70
GPB-3 LEFT <1l <1
CENTER <1 3.0
RIGHT 803 121
GPB-3A RIGHT 480 1871
GPB-4 LEFT 3.1 <1
CENTER 1.9 <1
RIGHT 113 241
GPB-5 RIGHT 1430 2754
GPB-6 RIGHT 2.3 18.4
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CONTAMINATION IN THE UNSATURATED ZONE

The 16 soil-gas probes were sampled in February 1988, and the 6 deepest
probes were resampled in March 1988. The results of these two sampling
efforts are presented in table 13. Figure 31 shows the location of the
soil-gas-probe sites. As the table shows, TCE is the predominant gas-phase
contaminant. The TCE concentration in five gas samples was 1,000 ng/L or
greater. The maximum TCE concentration (7,300 ng/L) was found in gas
samples collected from approximately 1 ft above the water table near
building 24, the source of contamination. Dichloroethylene and
tetrachloroethylene also were detected in selected gas samples at maximum
concentrations of 130 ng/L.

Areally, the soil-gas data shown in table 13 parallel the near-surface
ground-water contamination discussed above. The soil-gas concentration of
TCE was highest near the source of contamination (soil-gas site 1; fig. 31)
and decreased with downgradient distance from this location. A slight
increase in TCE concentration was observed at site 5 relative to site 4. At
the site adjacent to drive-point site X-1 (soil-gas site 6), on the
southeastern side of Green Pond Brook, TCE was not detected in the
unsaturated zone. This result is consistent with the selection of water-
quality data from drive-point site X-1 as representative of uncontaminated
water.

Vertically, TCE-vapor concentrations at each site decreased with
distance above the water table. At site 1, TCE was not detected in soil gas
collected from 2 ft below land surface. Unlike other sampling sites, site 1
is covered by asphalt pavement, which presumably prevents any significant
mixing of near-surface soil gas with ambient air.

SUMMARY AND CONCLUSIONS

A zone of contaminated ground water was produced by a metal-plating
wastewater-treatment system that operated from 1960-81 at building 24,
Picatinny Arsenal, New Jersey. Twenty-seven wells subsequently were
installed using the hollow-stem auger method and six wells were installed
using the mud-rotary method. These wells and 27 existing wells were sampled
in 1987 for analysis of inorganic constituents, trace elements, VOCs, and
nutrients. Water from 11 of these wells also was sampled for analysis of
base/neutral- and acid-extractable compounds, pesticides, and PCBs. Soil-
gas probes at six sites were used to sample soil gas in the unsaturated zone
to analyze for the presence of VOCs. In addition, surface-water samples
were collected at three sites in Green Pond Brook to determine whether VOCs
were present.

A plume of VOCs, mainly TCE, was determined to originate in the building
24 area and follow the general water-table gradient about 1,600 ft to Green
Pond Brook. The plume is approximately 400 to 800 ft wide and extends
downward about 50 ft in the unconfined aquifer. Because of seepage around
or through a confining unit, ground water in a confined aquifer, and a
bedrock aquifer also contains VOCs. On the basis of the analyses of ground-
water, surface-water, and soil-gas samples, the following statements can be
made on the nature of contamination at the site:
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Table 13.--Concentrations of trichloroethylene and two related cggpgunds in soil-gas samples
collected aguring February and March 1700

[ft, feet; <, less than; concentrations in nanograms per liter]

. . Compound1

Approximate Approximate
Sample  distance below distance above | R
site land surface (ft) water table (ft) cis-1,2-Dichloroethylene Trichloroethylene. Tetrachloroethylene

1 2.0 6.5 < 40 < 40 < 40

1 4.5 4.0 <400 2900 <400

1 7.5 1.0 <400, <40 7300, <40 <400, <40
2 2.0 8.0 < 40 ‘ < 40 < 40

2 5.0 5.0 < 40 480 65

2 9.0 1.0 68, 67 1300, 1100 75, 57
3 2.5 5.0 < 40 230 < 40

3 4.0 3.5 < 40 1000 < 40

3 7.0 .5 < 40, <40 1500, 1300 130, 68
4 1.5 4.0 < 40 ‘ < 40 < 40

4 3.0 2.5 < 40 < 40 < 40

4 4.5 1.0 < 40, <40 190, 190 < 40,<40
5 1.5 3.0 < 40 < 40 < 40

5 3.0 1.5 130, 80 270, 120 < 40, <40
6 2.5 2.6 < 40 < 40 < 40

6 5.0 .1 < 40, <40 < 40, <40 < 40, <40

lyhen two values are given, the first is from February sampling anh the second is from March sampling;
when one number is given, it is from February sampling
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If contaminants are assumed to move with ground water (by advection),

the average velocity of contaminant movement is estimated to be 0.42 to
1.8 ft/4.

Although inorganic constituents were found in elevated concentrations
within the TCE plume, only chloride was detected above the USEPA
secondary drinking-water regulation of 250 mg/L.

Although trace metals and cyanide were present in the building 24
wastewater, these compounds have not been detected in elevated
concentrations downgradient from the source.

Polychlorinated biphenyl 1260 was detected in one ground-water sample.
This sample was collected from a well in the building 31 area from which
suspected contaminated soil has been removed.

Surface water in Green Pond Brook contained TCE in concentrations that
ranged from the detection limit (3.0 pg/L) to 3.8 ug/L. Volatilization
probably removes VOCs in the steep, fast-moving reaches of the brook.

Concentrations of TCE in five soil-gas samples were 1,000 ng/L or
greater. Both tetrachoroethylene and dichloroethylene also were

detected in selected soil-gas samples, each at a maximum concentration
of 130 ng/L.
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Appendix--Well logs for selected wells installed in 1987
{Altitude in feet above sea level)

WELL NUMBER: 270937 (41-1)
Altitude of land surface: 692.6

Depth interval
Lithology (feet)

Top soil, organic material, silty clay with 0.0 3.0
granules and pebbles; brownish black (5YR2/1)

Sand, coarse-grained with pebbles and cobbles; dark 3.0 6.0
yellowish brown (10YR4/2); poorly sorted

Sand, fine- to coarse-grained with some silt; dark 6.0 9.0
yellowish brown (10YR4/2); subangular to
angular, poorly sorted

Sand, fine- to very fine-grained with small amount 9.0 12.0
of coarse- to very coarse-grained sand and silt;
dark yellowish brown (10YR4/2); well sorted

No sample 12.0 30.0

Sand, coarse- to very coarse-grained with some 30.0 33.0
gravel and cobbles; moderate brown (5YR3/4)

Sand, medium- to very coarse-grained; dark 33.0 35.5
yellowish brown (10YR4/2); moderately sorted

Sand, fine- to very coarse-grained with pebbles, 35.5 37.0
cobbles, and boulders; moderate yellowish brown
(10YR5/4); subangular to angular, very poorly

sorted
No sample 37.0 46.0
Sand, coarse- to fine-grained 40.0 47.0

Note: Sample from split-spoon core

Note: All samples from hollow-stem-auger cores
unless otherwise noted
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WELL NUMBER: 270937 (41-3)
Altitude of land surfacet 689.5

Depth interval
Lithology (feet)

Sand, medium- to coarse-grained with some very 0.0 2.5
coarse sand, granules, and pebbles; light brown
(5YR5/6); subrounded to rounded, spherical to
subelongated, poorly sorted; predominantly quartz

Sand, fine- to medium-grained with some very coarse 2.5 5.0
sand, dark yellowish brown (10YR4/2); subangular
to angular, subspherical to spherical, moderately
sorted; predominantly quartz

Sand, fine- to medium-grained with small amount of 5.0 10.0
coarse to very coarse sand; dark yellowish brown
(10YR4/2); subangular to angular, subspherical to
spherical, moderately to well sorted; predomﬁnantly
quartz

Sand, very fine- to fine-grained with some silt, 10.0 12.5
dark yellowish brown (10YR4/2); subangular to
subrounded, spherical to subspherical, well
sorted; predominantly quartz

No sample | 12.5 14.0

Sand, very fine- to fine-grained with some silt, 14.0 17.5
dark yellowish brown (10YR4/2); subangular to
subrounded, spherical to subspherical, well
sorted; predominantly quartz

Sand, very fine- to medium-grained with small 17.5 20.0
amount of coarse to very coarse sand; dark
yellowish brown (10YR4/2); subangular to angular,
subspherical to spherical, moderately to well
sorted; predominantly quartz

Note: All samples from hollow-stem-auger cores
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WELL NUMBER: 270937 (41-4)
Altitude of land surface: 6894

Depth interval
Lithology (feet)

Sand, fine- to very coarse-grained and granules, 0.0 2.5
pebbles, and organic material; pale brown (5YR5/2);
subrounded to subangular, subelongated to
spherical, very poorly sorted; predominantly
quartz and rock fragments

Sand, fine- to medium-grained with occasional coarse 2.5 12.5
sand; dark yellowish brown (10YR4/2); spherical
to subspherical, subangular to subrounded, well
sorted; predominantly quartz

Sand, medium- to coarse-grained with some very 12.5 15.0
coarse sand; dark yellowish brown (10YR4/2);
subangular to subrounded, subspherical to
subelongated, moderately to well sorted;
predominantly quartz with some shale fragments

Sand, fine- to coarse-grained with occasional 15.0 17.5
very coarse sand; dark yellowish brown (10YR4/2);
subangular to subrounded, subspherical to
subelongated, moderately to well sorted;
predominantly quartz with some shale fragments

No sample 17.5 19.0

Sand, fine- to coarse-grained with occasional 19.0 22.5
very coarse sand; dark yellowish brown (10YR4/2);
subangular to subrounded, subspherical to
subelongated, moderately to well sorted;
predominantly quartz with some shale fragments

No sample 22.5 26.5
Sand, fine- to very fine-grained; dark yellowish 26.5 29.0
brown (10YR4/2); spherical to subspherical,
subangular to subrounded, well sorted;
predominantly quartz

Note: All samples from hollow-stem-auger cores
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WELL NUMBER: 270942 (41-8)
Altitude of land surface: 690.5

Depth interval
Lithology (feet)

Silty sand, gravel, and topsoil with small amount of 0.0 4.0
organic material; dark yellowish brown (10YR4/3);
rounded to subrounded, elongated to subspherical,
very poorly sorted; varied lithology ‘

Silt and fine- to very fine-grained sand with small 4.0 14.0
amount of medium to very coarse sand and granules;
dark yellowish brown (10YR4/2); subangular
to subrounded, spherical to subspherical,
moderately sorted, predominantly quartz

Sand, fine- to very coarse-grained with some 14.0 18.0
granules; moderate brown (5YR3/4); subangular
to subrounded, subspherical to subelongated,‘
moderately to poorly sorted, predominantly quartz

Sand, fine- to coarse-grained and silty clay and 14.0 16.0
peat; sand is moderate yellowish brown (10YRS/4),
clay and peat are brownish black (5yr2/1)
Note: Sample from split-spoon core

Sand, fine- to medium-grained; moderate yellowi%h 16.0 18.0
brown (10YR5/4); subangular to subrounded,
subspherical to subelongated, well sorted;
predominantly quartz
Note: Sample from split-spoon core

Sand, very fine- to medium-grained; moderate 18.0 19.0
yellowish brown (10YR5/4); subangular to
subrounded, spherical to subelongated, well
sorted; predominantly quartz

Sand, fine- to very coarse-grained with some ‘ 19.0 24.0
granules, dark yellowish brown (10YR4/2);
subangular to subrounded, subspherical to
subelongated, moderately to poorly sorted;
predominantly quartz

Sand, fine- to medium-grained with some coarse to 24.0 27.0
very coarse sand, granules, and pebbles; dark
yellowish brown (10YR4/2); subangular to
subrounded, subspherical to spherical, moderLtely
sorted; predominantly quartz
Note: Sample from split-spoon core
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Sand, fine- to medium-grained with some coarse to 27.0 29.0
very coarse sand, granules, and pebbles; dark
yellowish brown (10YR4/2); subangular to
subrounded, subspherical to spherical, moderately
sorted; predominantly quartz

Sand, fine- to medium-grained with granules and 29.0 34.0
pebbles, and some coarse to very coarse sand,
dark yellowish brown (10YR4/2); subangular to
subrounded, subspherical to spherical, poorly
sorted; predominantly quartz

No sample 34.0 38.0

Clay, silt, and fine- to medium-grained sand with 38.0 40.5
coarse to very coarse sand, granules, and pebbles;
moderate yellowish brown (10YR5/4); subangular to
rounded, elongated to spherical, very poorly
sorted
Note: Sample from Waterloo core

Clay, silt, and fine- to medium-grained sand with 40.5 43.0
small amount of coarse to very coarse sand,
granules, and pebbles; moderate yellowish brown
(10YR5/4); subangular to rounded, elongated to
spherical, very poorly sorted
Note: Sample from Waterloo core

Note: Samples from hollow-stem-auger cuttings
unless otherwise noted

WELL NUMBER: 270944 (112-1)
Altitude of land surface: 697.2

Depth interval
Lithology (feet)

Sand, fine- to coarse-grained with some fine sand, 0.0 2.5
granules, pebbles and soil; wvery pale orange
(10YR8/2) to dark yellowish orange (10YR6/6);
rounded to subangular, elongated to subspherical,
very poorly sorted; predominantly rock fragments
with some quartz grains

Sand, medium- to very coarse-grained with some 2.5 5.0
granules and pebbles; pale yellowish brown
(10YR6/2); angular to subrounded, subspherical to
subelongated, moderately sorted; predominantly
quartz
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Sand, medium- to very coarse-grained with some 5.0 10.0
granules and pebbles; moderate yellowish bro
(10YR5/4); angular to subrounded, subspherical to
subelongated, moderately sorted; predominantl
quartz

Sand, medium- to coarse-grained with occasional 10.0 12.5
very coarse sand and granules; moderate yellowish
brown (10YR5/4); angular to subrounded, spherical
to subspherical, moderately to well sorted;
predominantly quartz

Sand, fine- to medium-grained in a silty matrix 12.5 15.0
with some granules, and pebbles; dusky brown
(5YR2/2); poorly sorted

Sand, coarse- to very coarse-grained with some 15.0 17.5
fine to medium sand, granules, and pebbles; dusky
brown (5YR2/2); iron coating on some grains

Sand, medium- to very coarse-grained with some 17.5 20.0
pebbles and fine sand; moderate brown (5YR4/2);
poorly sorted; iron coating on some grains

Sand, medium- to coarse-grained; poorly sorted 20.0 25.0

No sample 25.0 30.0

Note: All samples from hollow-stem-auger cores

WELL NUMBER: 270946 (112-3)
Altitude of land surface: 698.2

Depth interval
Lithology (feet)

Sand, coarse-grained and medium to coarse gravel; 0.0 4.0
dark yellowish brown (10YR4/2); subrounded ta
rounded, spherical to elongated, very poorly
sorted; less than 50 percent quartz

Sand, medium- to coarse-grained and fine to coatrse 4.0 9.0
gravel; two distinct colors, dark yellowish brown
(10YR4/2) and moderate brown (5YR3/4); subrounded
to rounded, spherical to elongated, very poorly
sorted; less than 50 percent quartz

Sand, medium- to coarse-grained with very coarse 9.0 14.0
sand, granules, and pebbles; moderate brown |
(5YR4/4) to dark yellowish brown (10YR4/2);
moderately to poorly sorted
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Sand, fine- to medium-grained with coarse to very
coarse sand and some granules; moderate yellowish
brown (10YR5/4); subangular to subrounded,
subspherical to spherical, well sorted;
predominantly quartz

Sand, fine- to medium-grained with some coarse
sand; moderate yellowish brown (10YR5/4);
subangular to subrounded, subspherical to
spherical, well sorted; predominantly quartz
Note: Sample from split-spoon core

Sand, fine- to medium-grained with some coarse
sand; dark yellowish brown (10YR4/2);
subangular to subrounded, subspherical to
spherical, well sorted; predominantly quartz

Sand, fine- to coarse-grained; dark yellowish brown
(10YR4/2); subangular to subrounded, subspherical
to spherical, well sorted; predominantly quartz
Note: Sample from split-spoon core

Sand, very fine- to medium-grained with some silt;
olive gray (5Y4/1); angular to subrounded,
subspherical to spherical, moderately sorted;
predominantly quartz

Sand, very fine- to fine-grained with some silt;
olive gray (5Y4/1); subangular to subrounded,
spherical to subspherical, well sorted;
predominantly quartz
Note: Sample from split-spoon core

Sand, very fine- to medium-grained with some silt;
olive gray (5Y4/1); angular to subrounded,
subspherical to spherical, moderately sorted;
predominantly quartz

Sand, very fine- to fine-grained and silt with
traces of clay; olive gray (5Y4/1); subangular to
subrounded, spherical to subspherical, moderately
sorted; predominantly quartz
Note: Sample from split-spoon core

Sand, very fine- to medium-grained with some silt;
olive gray (5Y4/1); angular to subrounded,
subspherical to spherical, moderately sorted;
predominantly quartz
Note: All samples from hollow-stem-auger cuttings
unless otherwise noted
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WELL NUMBER: 270950 (112-7)
Altitude of land surface: 695.7

Depth interval
Lithology (feet)

Sand, medium- to coarse-grained with some very 0.0 4.5
coarse sand, granules, and pebbles; dark yellowish
brown (10YR4/2); angular to subangular,
subspherical, poorly sorted; predominantly quartz

Sand, medium- to very coarse-grained with granules 4.5 9.5
and pebbles; dark yellowish brown (10YR4/2);
angular to subangular, subspherical, poorly
sorted; predominantly quartz

Sand, medium- to very coarse-grained with granules 9.5 14.5
and pebbles; moderate yellowish brown (10YR5/4);
angular to subangular, subspherical, poorly .
sorted; predominantly quartz

Sand, medium- to very coarse-grained, with granules 14.5 19.5
pebbles, and some fine sand; moderate yellowish
brown (10YR5/4); angular to subangular,
subspherical, poorly sorted; predominantly quartz

Sand, medium- to very coarse-grained with some |fine 19.5 24.5
sand; angular to subangular, subspherical,
moderately to poorly sorted; predominantly quartz
|
|
Sand, medium- to very coarse-grained with some fine 24.5 29.5

sand, granules, and pebbles; moderate yellowish
brown (10YR5/4); angular to subangular,
subspherical, moderately to poorly sorted;
predominantly quartz

Sand, fine- to medium-grained, with some coarse to 29.5 39.5
very coarse sand and occasional granules; dark
yellowish orange (10YR6/6) to moderate yellowish
brown (10YR5/4); subangular to subrounded,
subspherical, poorly sorted; predominantly quartz
Note: Sample from split-spoon core at 29.5 'to 31.5

Sand, fine- to medium-grained with some very cdarse 39.5 41.0
sand, granules, and pebbles; moderate yellowish
brown (10YR5/4); subangular to subrounded,
subspherical, poorly sorted; predominantly quartz
Note: Sample from split-spoon core
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Sand, fine- to medium-grained with some very coarse 41.0 44.5
sand, granules, and pebbles; moderate yellowish
brown (10YR5/4); subangular to subrounded,
subspherical, moderately sorted; predominantly
quartz
Note: Sample from split-spoon core

Sand, very fine- to medium-grained with clayey 44.5 47.5
silt; dark yellowish brown (10YR4/2); subangular
to subrounded, subspherical to spherical,
moderately to poorly sorted; predominantly quartz
Note: Sample from split-spoon core

Sand, medium-grained with some fine sand; pale 47.5 49.0
yellowish brown (10YR6/2); subangular to
subrounded, subspherical, well sorted;
predominantly quartz

Sand, medium-grained with some fine sand and 49.0 52.0
occasional pebbles; pale yellowish brown
(10YR6/2); subangular to subrounded, subspherical,
well sorted; predominantly quartz

Note: All samples from hollow-stem-auger cuttings
unless otherwise noted

WELL NUMBER: 270952 (112-9)
Altitude of land surface: 694.3

Depth interval
Lithology (feet)

Sand, medium- to very coarse-grained with granules 0.0 4.5
and pebbles; dark yellowish brown (10YR4/2);
rounded to subangular, subspherical to spherical,
poorly sorted; predominantly quartz

Sand, fine- to very coarse-grained with granules 4.5 9.5
and pebbles; dark yellowish orange (10YR5/6);
rounded to subangular, subspherical to spherical,
poorly sorted; predominantly quartz

Sand, medium-grained with some coarse to very coarse 9.5 11.5
sand, granules, and pebbles; moderate yellowish
brown (10YR5/4); subrounded to subangular,
subspherical to spherical, moderately sorted;
predominantly quartz
Note: Sample from split-spoon core
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Sand, medium-grained with some coarse to very 11.5 29.5
coarse sand, granules, and pebbles; moderate
yellowish brown (10YR5/4); subrounded to
subangular, subspherical to spherical, well
sorted; predominantly quartz
Note: Samples from split-spoon cores at 11.5 to
13.5 and 19.5 to 21.5 feet

Sand, very fine- to medium-grained with some coarse 29.5 37.0
to very coarse sand; moderate yellowish brown
(10YR5/4); angular to subrounded, subspherical
to spherical, well sorted; predominantly quartz
Note: Samples from split-spoon cores at 29.5 to 31.5
and 31.5 to 33.5 feet

Note: All samples from hollow-stem-auger cuttings
unless otherwise noted

WELL NUMBER: 270954 (I-2)
Altitude of land surface: 693.2

Depth interval
Lithology (feet)

Sand, medium- to very coarse-grained with granules, 0.0 5.0
pebbles, and small amount of fine sand; moderate
yellowish brown (10YR5/4); subrounded to
subangular, subelongated to subspherical,
poorly sorted; predominantly quartz

Sand, fine- to medium-grained with some very coarse 5.0 10.0
sand and granules; dark yellowish brown (10YR4/2);
subangular to subrounded, spherical to
subelongated, well sorted; predominantly quartz

Sand, fine- to very coarse-grained with occasional 10.0 22.5
granules; moderate brown (5YR3/4); subangul?r to
angular, subspherical to subelongated,
moderately to poorly sorted; varied 1ithology,
70 to 80 percent quartz

Sand, medium- to very coarse-grained with ‘ 22.5 25.0
occasional granules; moderate brown (5YR3/4);
subangular to angular, subspherical to
subelongated, well sorted; varied lithology,
70 to 80 percent quartz

Sand, fine- to medium-grained with some coarse 25.0 27.5
sand; dark yellowish brown (10YR4/2); angulTr
to subrounded, spherical to subelongated,
well sorted; predominantly quartz
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No sample 27.5 32.0

Sand, very fine- to medium-grained with some coarse 32.0 37.0
sand; dark yellowish brown (10YR4/2); angular
to subrounded, spherical to subelongated,
well sorted; predominantly quartz

Note: All samples from continuous hollow-stem-auger
cores

WELL NUMBER: 270955 (92-3)
Altitude of land surface: 700.2

Depth interval
Lithology (feet)

Sand, fine- to very coarse-grained, gravel, and 0.0 4.0
organic material; moderate yellowish brown
(10YR5/4); smaller grains are subrounded to
rounded, and spherical; granules and pebbles
are rounded to elongated; very poorly sorted

Sand, coarse- to very coarse-grained with medium 4.0 9.0
sand, granules, and pebbles; moderate yellowish
brown (10YR5/4); sand grains are subrounded to
rounded, subspherical to spherical; pebbles and
cobbles are elongated to subelongated; poorly
sorted

Sand, fine- to medium-grained with coarse sand and 9.0 24.0
granules; moderate yellowish brown (10YRS5/4);
subangular to rounded, spherical to subspherical,
well sorted; predominantly quartz

Sand, very fine- to fine-grained with small amount 24.0 26.0
of silt and medium sand; moderate yellowish brown
(10YR5/4); angular to subangular, spherical to
subspherical; predominantly quartz
Note: Sample from split-spoon core

Sand, fine- to medium-grained with coarse sand and 26.0 34.0
granules; moderate yellowish brown (1OYRS5/4);
subangular to rounded, spherical to subspherical,
well sorted; predominantly quartz

Sand, fine- to medium-grained with small amount of 34.0 36.0
coarse sand; moderate yellowish brown (10YRS5/4);
subangular to rounded, spherical to subspherical,
very well sorted; predominantly quartz
Note: Sample from split-spoon core
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Sand, fine- to medium-grained with coarse sand aLd 34.0 39.0
granules; moderate yellowish brown (10YR5/4);
subangular to rounded, spherical to subspherical,
well sorted; predominantly quartz

Sand, fine- to medium-grained with small amount of 39.0 44.0
coarse sand and granules; moderate yellowish
brown (10YR5/4); subangular to rounded, spherical
to subspherical, very well sorted; predominantly
quartz

Sand, fine- to medium-grained with coarse sand and 44,0 49.0
occasional granules; dark yellowish brown
(10YR4/2); angular to subrounded, spherical to
subspherical, moderately to well sorted;
predominantly quartz

Sand, fine- to medium-grained with very fine sanh 49.0 54.0
and silt; pale yellowish brown (10YR6/2); |
subrounded to rounded, spherical, well sorted;
predominantly quartz

Sand, very fine- to fine-grained with small amount 54.0 56.5
of medium to very coarse sand; olive gray (5Y4/1);
angular to subrounded, subspherical to spherical;
well sorted; predominantly quartz
Note: Sample from Waterloo core

Note: All samples from hollow-stem-auger cuttian
unless otherwise noted ‘

WELL NUMBER 270958 (111-1)
Altitude of land surface: 702.5

Depth interval

Lithology i (feet)
|
Topsoil, organic material ‘ 0.0 1.0
Sand, fine- to coarse-grained with granules, 1.0 5.0

pebbles, and small amount of silt; moderate
yellowish brown (10YR5/4); subangular to !
subrounded, subspherical to subrounded, poorly
sorted

Sand, fine- to very coarse-grained with granules, 5.0 10.0
pebbles, and silt; moderate yellowish brown
(10YR5/4) ; subrounded, poorly sorted

Sand, medium- to coarse-grained with small amount 10.0 15.0

of very coarse sand; dark yellowish brown
(10YR4/2); subrounded, moderately to well sornted
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Sand, fine-grained with small amount of medium and 15.0 20.0
very fine sand; dark yellowish brown (10YR4/2);
subrounded, well sorted

Sand, medium- to coarse-grained with small amount 20.0 27.5
of very coarse sand; dark yellowish brown
(10YR4/2); subrounded, moderately to well sorted

Sand, medium-grained with fine sand and small 27.5 30.0
amount of coarse sand; dark yellowish brown
(10YR4/2); subrounded, well sorted

Sand, medium- to coarse-grained with some very 30.0 35.0
coarse sand; dark yellowish brown (10YR4/2);
subrounded, moderately to well sorted

Sand, fine- to medium-grained with some very fine 35.0 40.0
sand; dark yellowish brown (10YR4/2); subrounded,
well sorted

Sand, fine- to very fine-grained with some medium 40.0 46.0
sand; dark yellowish brown (10YR4/2) to light
olive gray (5Y5/2); subrounded to rounded, well
sorted

Note: All samples from continuous hollow-stem-auger cores

WELL NUMBER: 270960 (cafeteria 6)
Altitude of land surface: 702.7

Depth interval
Lithology (feet)

Sand, coarse- to very coarse-grained and gravel with 0.0 4.5
some clayey silt; moderate brown (5YR4/4);
rounded to subrounded, subspherical to elongated,
very poorly sorted

Sand, medium- to coarse-grained with granules and 4.5 9.5
pebbles; moderate yellowish brown (10YR5/4);
subrounded to rounded, spherical to elongated,
poorly sorted; predominantly quartz

Sand, medium- to coarse-grained with granules and 9.5 24.5
occasional pebbles; moderate yellowish brown
(10YR5/4); subrounded to rounded, spherical to
elongated, poorly sorted; predominantly quartz
Note: Sample from split-spoon core at 14.5 to 16.5

107



. . . i
Sand, medium- to coarse-grained with some very !
coarse sand and granules; subrounded to rounded,

spherical to elongated, moderately to well sorted;
predominantly quartz

Sand, medium- to coarse-grained with granules and
pebbles; moderate yellowish brown (10YR5/4);#
subrounded to rounded, spherical to elongated,
poorly sorted; predominantly quartz
Note: Sample from split-spoon core

Sand, medium- to coarse-grained with very coarse
sand, granules, and pebbles; subrounded to rounded,
spherical to elongated; predominantly quartz:
Note: Sample from split-spoon core at 28.5 te 30.5

Sand, medium- to very coarse-grained with granu}es
and pebbles; moderate yellowish brown (10YR5/4);
rounded to subangular, subspherical to spherical,
poorly sorted; predominantly quartz
Note: Sample from split-spoon core at 34.5 to 36.5

Sand, medium- to very coarse-grained with granules
and occasional pebbles; moderate yellowish brown
(10YR5/4); rounded to subangular, subspherical
to spherical, poorly sorted; predominantly quartz
Note: Sample from split-spoon core at 44.5 to 46.5

No sample

Sand, very fine- to medium-grained; moderate
yellowish brown (10YR5/4); subangular to
rounded, subspherical to spherical, well sorted;
predominantly quartz
Note: Sample from split-spoon core

Sand, fine- to medium-grained with very fine saﬁd;

olive gray (5Y4/1); subangular to rounded, j
subspherical to spherical, well sorted; [
predominantly quartz

Note: Sample taken from auger flight after removal

Note: All samples from hollow-stem-auger cuttings
unless otherwise noted
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WELL NUMBER: 270961 (9D)
Altitude of land surface: 702.2

Depth interval
Lithology (feet)

Sand, fine- to medium-grained, granules to cobbles 0.0 4.5
with some silt to clay and organic material;
moderate brown (5YR3/4); subangular to subrounded,
very poorly sorted

Sand, medium- to very coarse-grained with some 4.5 9.5
silty clay; moderate yellowish brown (10YR5/4);
subangular to subrounded, poorly sorted;
predominantly quartz

Sand, medium- to coarse-grained with some fine to 9.5 14.5
very fine sand, granules, and pebbles; moderate
yellowish brown (10YR5/4); subangular to
subrounded, very poorly sorted; grains coated
with clayey material

Sand, fine- to very coarse-grained with some 9.5 11.5
pebbles; dark yellowish brown (10YR4/2);
subangular to subrounded, poorly sorted
Note: Sample from split-spoon core

Sand, very fine-grained to silt with some very 11.5 13.5
coarse sand; moderate yellowish brown (1O0YRS5/4);
well sorted
Note: Sample from split-spoon core

Sand, fine- to very coarse-grained with very fine 14.5 16.5
sand and silt matrix; dark yellowish brown
(10YR4/2); subangular to subrounded, poorly
sorted; predominantly quartz
Note: Sample from split-spoon core

Sand, medium-grained with some fine and coarse to 16.5 18.5
very coarse sand; moderate yellowish brown
(10YR5/4); subangular to angular, well sorted;
predominantly quartz

Note: Sample from split-spoon core

No sample 18.5 19.5

Sand, very fine- to very coarse-grained; dark 19.5 21.5
yellowish brown (10YR4/2); angular to subrounded,
poorly sorted; predominantly quartz
Note: Sample from split-spoon core
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Sand, medium-grained with fine and coarse to very 21.5 23.5
coarse sand; dark yellowish brown (10YR4/2);
subangular to subrounded, moderately sorted;
predominantly quartz
Note: Sample from split-spoon core

No sample | 23.5 24.5

Sand, medium-grained with fine and coarse to very 24.5 26.5
coarse sand; dark yellowish brown (10YR4/2);
subangular to subrounded, moderately sorted;
predominantly quartz
Note: Sample from split-spoon core

Sand, very fine- to medium-grained with some coarse 26.5 32.0
to very coarse sand; dark yellowish brown
(10YR4/2); subangular to subrounded, moderately
sorted; predominantly quartz
Note: Sample from split-spoon core at 26.5 to 30.5

Note: All samples from hollow-stem-auger cuttings
unless otherwise noted

WELL NUMBER: 270963 (31-2a)
Altitude of land surface: 702.1

Depth interval

Lithology (feet)
No sample 0.0 4.5
Sand, medium- to very coarse-grained, granules, and 4.5 14.5
pebbles; dark yellowish brown (10YR4/2); poorly
sorted
Sand, fine- to very coarse-grained; dark yellowish 14.5 19.5

brown (10YR4/2); subangular to subrounded, poorly
sorted; varied composition, predominantly quartz

Sand, medium- to coarse-grained with some granules 19.5 24.5
and fine sand; dark yellowish brown (10YR4/2);
angular to subrounded, moderately sorted;
predominantly quartz

No sample 24.5 26.5

Sand, very fine- to very coarse-grained; dark 26.5 28.5
yellowish brown (10YR4/2); subangular to rounded,
poorly sorted; predominantly quartz with
hematitic and limonitic stained grains
Note: Sample from split-spoon core
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Sand, very fine- to coarse-grained; dark yellowish 28.5 30.5
brown (10YR4/2); subangular to subrounded,
moderately sorted; predominantly quartz
Note: Sample from split-spoon core

Sand, fine- to coarse-grained; dark yellowish brown 30.5 32.0
(10YR4/2); subangular to subrounded, moderately
sorted; predominantly quartz

Note: All samples from hollow-stem-auger cuttings
unless otherwise noted

WELL NUMBER: 270972 (95-1)
Altitude of land surface: 695.2

Depth interval

Lithology (feet)
Sand and gravel 0.0 10.0
No sample 10.0 20.0
Sand, fine- to medium-grained; dark yellowish brown 20.0 22.0

(10YR4/2); subangular to angular, subspherical to
spherical, well sorted; predominantly quartz

No sample 22.0 28.0

Sand, fine- to medium-grained; dark yellowish brown 28.0 29.0
(10YR4/2); subangular to angular, subspherical to
spherical, well sorted; predominantly quartz

Silt, with some very fine sand and clay; dark 29.0 30.0
yellowish brown (10YR4/2); moderately to well
sorted
No sample 30.0 38.0
Sand, medium-grained with fine and coarse to very 38.0 39.0

coarse sand; dark yellowish brown (10YR4/2);
angular to subrounded, spherical to subelongated,
moderately to poorly sorted; predominantly quartz

Sand, fine- to medium-grained; olive gray (5Y4/1); 39.0 41.0

subangular to angular, subspherical to spherical,
well sorted; predominantly quartz

No sample 41.0 48.0
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Sand, medium-grained with fine and coarse to very
coarse sand; dark yellowish brown (10YR4/2);
angular to subrounded, spherical to subelongated,
moderately to poorly sorted; predominantly quartz

Sand, fine- to medium-grained; olive gray (5Y4/1);
subangular to angular, subspherical to spherfical,
well sorted; predominantly quartz

Silt and clay; olive gray (5Y4/1)

No sample

Clay and silt; olive gray (5Y4/1)
No sample

Sand, very fine- to fine-grained; olive gray
(5Y4/1); subangular to angular, subspherical to
spherical, well sorted; predominantly quartz,
10 to 20 percent Green Pond Formation minerals

Sand, very fine-grained with silt and small amount
of clay; olive gray (5Y4/1); subspherical to
spherical, subangular to angular, moderately to
well sorted; predominantly quartz

No sample

Sand, very fine-grained with silt and small amount
of clay; olive gray (5Y4/1); subspherical to
spherical, subangular to angular, moderately to
well sorted; predominantly quartz ‘

No sample

Sand, very fine-grained and silt with small amount
of clay; olive gray (5Y4/1); subspherical to
spherical, subangular to angular, moderately to
well sorted; predominantly quartz

No sample

Sand, very fine-grained with silt and small amount
of clay; olive gray (5Y4/1); subspherical to
spherical, subangular to angular, moderately to
well sorted; predominantly quartz

|

Sand, very fine-grained and silt; olive gray
(5Y4/1); subspherical to spherical, subanguﬂar to
angular, moderately to well sorted; predominantly
quartz ‘

No sample
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48.

48.

49.

50.

58.

60.

68.

69.

70.

78.

80.

88.

90.

98.

99.

100.

0 48.
5 49.
5 50.
5 58.
0 60.
5 68.
0 69
0 70.
0 78.
0 80.
0 88
0 90.
5 98.
0 99.
0 100.
5 108.



Sand, coarse-grained to granules with very fine
sand and silt; dark yellowish brown (10YR4/2);
coarse grains are rounded to subangular,
elongated to subspherical; predominantly rock
fragments, largest grains 5 millimeters long

Silt with some clay; olive gray (5Y4/1); well
sorted

No sample
Clay; brownish gray (5YR4/1)

Sand, very fine-grained; dark yellowish brown
(10YR4/2); subangular to angular, subspherical

to spherical, well sorted; predominantly quartz

No sample

Sand, very fine- to very coarse-grained with

granules; pale yellowish brown (10YR6/2); large

grains rounded to subangular, spherical to
elongated; smaller grains spherical to
subspherical; predominantly quartz and rock
fragments

Clay and silt, alternating layers; clay is
brownish gray (5YR4/1), silt is brownish gray
(5YR4/1) to olive gray (5Y4/1)

Silt, very fine sand, and clay; light olive gray
(5Y 5/2 - 5Y 6/1), laminated

Sand, very fine-grained, silt, and clay
(predominantly silt and clay); light olive
gray (5Y 5/2)

Silt and sand

Silt, very fine, grading to coarse-grained sand;
silt is subangular, light olive gray (5Y 5/2),
and well sorted; sand is light olive gray
(5Y 6/1) and well sorted

Sand, boulders, and cobbles

Clay

Sand and silt matrix, very fine-grained;

light olive gray (5Y 5/2); predominantly quartz;

grains rounded and spherical

Cobbles and gravel
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108.

109.

110.
118.

118.

120.

128.

130.

130.

148.

155.

163.

165.
178.

183.

185.

109.

110.

118.
118.

120.

128.

130.

130.

148.

155.

163.

165.

178.
183.

185.

193.



Weathered bedrock, boulders
Clay; brown

Weathered bedrock, claystone, and clay;
color varies with grain; pale olive (10Y 6/2
angular, grayish red purple (5RP 4/2) angular,
and medium dark gray (5N5) subangular, |
predominantly of three bedrock types of granite

and arkosic sandstone origins, also quartz, angular

dolomite and claystone, dark yellowish orange
(10YR 6/6) (sample 223.0-225.0)

193.0 195.0

202.0 204.0

204.0 352.0

WELL NUMBER: 270970 (39-1)

Altitude of land surface: 692.7

Lithology

Depth interval
(feet)

Sand, fine- to coarse-grained with some organic
material; dark yellowish brown (1l0YR4/2);
subrounded to subangular, poorly sorted
Note: Sample from mud-rotary cuttings

Sand, medium-grained with clay and some silt; sand
is dark yellowish brown (10YR4/2), clay is dusky
brown (5YR2/2); moderately sorted
Note: Sample from mud-rotary cuttings

Sand, very fine- to medium-grained with some coarse
sand; dusky yellowish brown (10YR2/2); subrounded,
poorly sorted
Note: sample from mud-rotary cuttings

Silt and very fine- to fine-grained sand; olive
gray (5Y4/1); moderately sorted
Note: Sample from mud-rotary cuttings

Sand, coarse to very coarse; olive gray (5Y 4/1);
individual grains grayish dark purple (5RP 4/2),
medium dark gray and white (5N5); moderately: to
well sorted, subangular; minor feldspar and quartz

Silt and very fine sand; light olive gray (5Y GLI);
very well sorted

Clay, silt, and very fine-grained sand; light olive
gray (5Y 5/2); subangular

Silt; light olive gray (5Y 6/1 - 5Y 5/2); well

sorted; clay 20 percent, dusky yellowish brown
(10YR2/2)
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0.0 5.0

10.0 20.0

20.0 23.0

23.0 34.0

34.0 44.0

44.0 56.0

56.0 66.0



Silt 66.

Sand, predominantly light grayish pink 84.

(5R 8/2) with grayish red purple (5RP 4/2)
and plagioclase feldspar

Sand, fine- to very fine-grained; light olive 90.

gray (5Y 6/1); angular, well sorted

Quartzite bedrock cobbles (to 2 centimeters), 96.

grayish black (2N2), pale to grayish red (5R 5/2)
to very light gray (8N8)

Silt, gray 110.

Sand, medium to very coarse-grained, variety of 124,

colors; quartz with pink (5R 8/2), arkose,
grayish purple (5P 4/2), feldspar, white (9N9),
mica (minor), subangular, moderately sorted

Sand, very fine- to very coarse-grained; dark 134.

yellowish brown (10YR4/2); well sorted; multi-
colored pebbles same as 124.0-126.0 of very
coarse grained

Sand, fine- to very fine-grained with small amount 136.

of silt and medium sand; dark yellowish brown
(10YR4/2); moderately to well sorted
Note: Sample from mud-rotary cuttings

Sand with poorly sorted pebbles; sand grayish 149,

orange (10YR 7/4), medium-grained, well sorted;
feldspar, quartz and manganese grains, angular

Sand and clay 151.
Clay 178.
Till, clay with gravel and cobbles 179.
No sample / 184.

Sand with poorly sorted pebbles; sand grayish 194,

orange (10YR 7/4), medium-grained, well sorted;
feldspar, quartz, and manganese grains, angular

Quartzite bedrock, grayish black (2N2), with 196.
arkosic bedrock cobbles at depth, light 204.

brownish/pinkish gray (5YR 7/1)

Till, gravel, cobbles, and medium sand 207.

Boulders 210.
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84.

90.

96.

110.

124,

134,

136.

149.

151.

178.

179.

184.

194,

196.

204,
207.

210.

220.



Gravel and clay 220.0 225.5

Clay and fine silt with weathered bedrock, 225.5 235.0
arkosic fine-grained sandstone with quartz
crystals and veins, pale yellow brown (10YR 6/2),

slightly darker with depth (1O0YR 4/2)

\
|
\

Weathered bedrock, mudstone, yellowish gray 235.0 244.0
(5Y 7/2), variable with pale yellow orange
(10 YR 8/6)

Nodules, large iron, brownish gray (5 YR 4/1) to 244.0 247.0
grayish black (2N2)

Clay, pale yellowish orange (10 YR 8/6) variable 247.0 256.0

to yellowish gray (5y 7/2) with iron nodules

WELL NUMBER: 270968 (10-3a)
Altitude of land surface: 701.9

Depth interval
Lithology (feet)

Sand, coarse- to very coarse-grained, granules, and 0.0 9.0
slag; multi-colored; subangular to angular,
subelongated, poorly sorted, small grains are
subrounded; varied lithology, 50 percent quartz

Gravel 9.0 11.0
Sand and some cobbles ‘ 11.0 13.0
Sand, coarse- to very coarse-grained, granules, and 13.0 15.0

slag; multi-colored; subangular to angular,
subelongated, moderately sorted, small grains are
subrounded; varied lithology, 50 percent quartz

Sand, medium-grained; dark yellowish brown 15.0 17.0
(10YR4/2); well sorted

Sand, medium- to coarse-grained with some graveﬂ 17.0 21.0
and fine sand; dark yellowish brown (10YR4/2)

Sand, coarse-grained, granules, and pebbles, 21.0 30.0
subangular to angular, subelongated; some slag,
ash, and sandstone also present, dusky red (5R3/4)
subspherical to rounded

i
Sand, fine- to coarse-grained and gravel and cobbles 30.0 45.0
dark yellowish brown (10YR4/2); sandy matrix
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Sand, fine-grained and silt; dark yellowish brown 45.0 55.
(10YR4/2)

Sand, fine- to medium-grained, dark yellowish brown 55.0 57.
(10YR4/2); subangular to subrounded, subspherical,
well sorted; sample contains some dusky red

sandstone
Sand, very fine-grained 57.0 62.
Silt and very fine-grained sand; gray 62.0 65.
Sand, fine- to coarse-grained; light olive gray 65.0 65.
(5Y5/2)
Sand, coarse- to very coarse-grained; some quartz 65.1 65.
grains
Sand, very coarse-grained and gravel 65.5 66.
Sand, very fine-grained with silt and some clay; 66.0 66.

pale brown (5YR5/2)

Sand, very fine-grained and silt; pale brown 66.5 67.
(5YR5/2) to pale yellowish brown (10YR6/2)

Sand, fine- to very fine-grained with some medium 67.0 75.
sand; dark yellowish brown (10YR4/2); spherical
to subspherical, subangular to subrounded,
moderately to well sorted; predominantly quartz

Sand, very fine-grained and silt; dark yellowish 75.0 77.
brown (10YR4/2); very well sorted

Sand, fine- to very fine-grained with some medium 77.0 87.
sand; dark yellowish brown (10YR4/2); spherical
to subspherical, subangular to subrounded,
moderately to well sorted; predominantly quartz

Sand, very fine-grained with some silt and medium 87.0 90.
sand; dark yellowish brown (10YR4/2) and light
brown (5YR5/6); 5 percent opaques

Sand, very fine-grained; dark yellowish brown 90.0 95.
(10YR4/2); very well sorted; predominantly
quartz, 3 percent opaques

Sand, fine- to very fine-grained with some medium 95.0 105.
sand; dark yellowish brown (10YR4/2); spherical
to subspherical, subangular to subrounded,
moderately to well sorted; predominantly quartz

Sand, very fine-grained; dark yellowish brown 105.0 107.
(10YR4/2); well sorted; 3 percent opaques
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Weathered bedrock, poorly sorted pebbles, variable
colors as 201-207, and grayish red purple
(5RP 4/2)

Sand, fine-grained, silt and clay

Sand, fine-grained; dark yellowish brown (10YR4/2);
very well sorted; 3 percent opaques, 2 percent
light brown (5YR5/6)

Sand, fine-grained with small amount of clay; dark
yellowish brown (10YR4/2)

Clay, dark yellowish brown (10YR4/2)

Sand, fine-grained with small amount of clay; dark
yellowish brown (10YR4/2) '

Silt and clay with small amount of fine sand;
dark yellowish brown (10YR4/2)

Cobbles and boulders
Gravel and boulders

Till, clayey silt, very fine- to coarse-grained
sand and gravel; pale yellowish brown (10YR6/2);
predominantly quartz with rock fragments; gravel
includes poorly sorted dark yellowish orange
(10YR6/6) sandstone and greenish black (5G2/1)
igneous rock (basalt)

Clay, pale yellowish brown (10YR 7/2), homogeneous,
well sorted

Till and weathered conglomerate

Clay and weathered bedrock, iron-stained bedrock

Clay with some rock fragments; yellowish orange

Clay and sand, iron-stained bedrock

Fractured quartz conglomerate; massive, rust- #o
maroon-colored, conchoidal fractures, small |

amount of clay ‘

Solid conglomerate; white and yellow clay mixed
with rock fragments ‘

Clay alternating with rock fragments; very |
cohesive; clay is white with black nodules

1 to 2 millimeters diameter with some yellow clay;

bedrock layers are vertically stratified
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119.

121.
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132.

137.

148.

159.
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184,
184,
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159,

163.

168.
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206.



Clay alternating with rock fragments; increased
density and cohesion of rock

High concentration of dolomitic rock fragments
Clayey silt; very pale orange (10YR8/2) to dark
yellowish orange (10YR6/6); with zones of

weathered dolomitic bedrock fragments
Ferrous rock fragments

No sample

Clay with occasional iron fragments and weathered
bedrock; dark yellowish orange (10YR6/6)

Weathered dolomitic bedrock with iron staining and
alterations along fractures

Sandy silt with some clay, dolomitic rock
fragment and ferrous rock fragments; very pale
orange (10YR8/2) to dark yellowish orange
(10YR6/6)

Quartzose fractured rock, unweathered

Dolomitic rock, weathered

Silt and sand; pale yellowish orange (10YR8/6) to
pale olive (10Y6/2)

Clay and silt; very pale orange (10YR8/2) to dark
yellowish orange (10YR6/6)

Quartzose rock fragments
Ferrous rock fragments, solid
Silt and sand; dark yellowish orange (10YR6/6)

Silt and sand with clay and rock fragments; very
pale orange (10YR8/2)

Dolomitic and ferrous rock fragments and silt;
pale orange (10YR8/4)

Silt with some rock fragments; pale yellowish
orange (1OYR8/6)

Silt and fine- to coarse-grained sand, alternating
layers; pale yellowish orange (10YR8/6);

predominantly quartz sand

Silt and hematite; reddish black
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206.

220.

221.

232.
233.

234,

239.

241.

250.
251.

253.

254,

255.
255.
256.

257.

259.

260.

264

265.

220.
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232.
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Silt with some rock fragments; pale yellowish
orange (1O0YR8/6); 2-inch hematitic layer at 268

Silt with some clay; pale yellowish orange
(10YR8/6) to dark yellowish orange (10YR6/6);
cleavable layer at 271

Silt; dark yellowish orange (10YR6/6); little
cohesion, cleavable

Hematite layer 45 degrees from vertical

Silt; dark yellowish orange (10YR6/6); little
cohesion, cleavable

Hematite layer

Silt and clay; pale yellowish orange (10YR8/6)
to dark yellowish orange (10YR6/6)

Clay with ferrous rock fragments; clay is moderate
reddish brown, ferrous rock is black

Silt and clay; dark yellowish orange (lO0YR6/6)

Quartzite; gray; water-stained fractures, cleavage
30 to 45 degrees from vertical

Clay associated with quartzite 30 degrees from
vertical

Quartzite, coarse-grained; gray; 45- and 30-degree
cleavage from vertical, numerous old fractures
in which quartz has recrystallized, vertical
plane of weakness

Quartzite, coarse-grained; gray; 45- and 30-degree
cleavage from vertical, numerous old fractures
in which quartz has recrystallized, vertical
plane of weakness, increasing ratio of
matrix to coarse quartz grains with depth

Quartzite, coarse-grained, with small amount of
clay; gray; 45- and 30-degree cleavage from
vertical, numerous old fractures in which quartz
has recrystallized, vertical plane of weakness
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