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1. INTRODUCTION
1.1 PURPOSE OF REPORT

EA Engineering, Science, and Technology, Inc. has been contracted as the
Architect-Engineer with the U.S. Army Corps of Engineers, Omaha District,
to perform a Remedial Investigation (RI) and to prepare an RI report of
the New Cumberland Army Depot’s former landfill, Marsh Run Field, in
Fairview Township, Pennsylvania. This RI is part of the Defense Environ-
mental Restoration Program (DERP) administered by the U.S. Army Corps of
Engineers (COE). .

This project was conducted under Delivery Order 5008 associated with
Indefinite Delivery Contract Number DACW45-88-D-0009.

Previous investigation of the approximately l4-acre site (i.e., "Confir-
mation Study Report of the New Cumberland Army Depot, Fairview Township,
Pennsylvania," Woodward-Clyde Consultants, March 1988) contracted by the
U.S. Army Corps of Engineers, Omaha District, under the Department of
Defense (DOD), Defense Environmental Restoration Account (DERA), has
jndicated the presence of ground-water and soil contamination at the
site.

EA was selected to:

1. Evaluate the presence and extent of hazardous waste and
associated contamination both vertically and horizontally
at the landfill.

2. Assess the potential for contaminant migration in the
surrounding environs.

3. Identify public health and environmental risks of contam-
inants relative to regulatory standards.

4. Define future investigations and/or actions required at
the site,

1.2 SITE BACKGROUND

The New Cumberland Army Depot’s former landfill, Marsh Run Field, is
located in Fairview Township, York County, Pennsylvania. It is situated
adjacent to and east of New Cumberland Army Depot (NCAD). The site is
bounded to the south and southeast by Marsh Run Road and to the north
and northeast by Conrail (formerly Penn Central) railroad tracks and

the Susquehanna River. The site location is shown in Figure 1-1.

The site is approximately 14 acres in size and is situated in a relative-
ly flat area, which was occupied by swampy wetlands prior to landfilling.
The surrounding area is semirural. Single-family dwellings are located
to the south and southeast of the site along Marsh Run Road.

1-1
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Currently, the site exists as a filled wetland, up to 7 ft above

the prefill surface. The present surface of the landfill is relatively
flat with some grading (performed by Fairview Township) to facilitate
drainage. The site is bordered immediately to the south by a shallow
drainage ditch, which collects surface runoff and channels it into Marsh
Run Creek. A NCAD access road borders the site to the east immediately
outside of the Army Depot fence. This road is used by NCAD personnel
during the afternoon when leaving work and by railroad personnel to ser-
vice the tracks. Marsh Run Creek, which flows in a general west-to-east
direction, bounds the southwest of the site (inside depot fence), passes
beneath the access road, and borders the landfill immediately to the
south and east (Figure 1-2). Marsh areas border the creek west and east
of the site. A swale, which has been observed to contain standing water,
is located immediately north of the landfill. The swale directs surface
wvater runoff toward the marsh area east of the site.

Previously, the Marsh Run Field site was owned by NCAD, who used it as

a landfill for disposal of base-derived waste materials starting in the
early 1900s. The waste materials were deposited in a marshy area to a
height of several feet above the standing-water level of the swampy
areas. The landfill material has been mixed with soils excavated from a
burrow area directly adjacent to and north of the fill. The cover soils
at the site consist of reddish brown clayey and sandy silts, similar to
those of the Bowmansville Series. However, the origin of the cover fill
which was reportedly trucked in by Fairview Township is unknown. The
thickness of the cover fill ranges from 1 to 2 ft.

Ownership of the Marsh Run Field property was transferred by the Army in
1976 to the Bureau of Outdoor Recreation, who sold the site to Fairview
Township. The site was used as a soccer field until 1987 when a Confir-
mation Study of the site was conducted as part of DERP. Other U.S. Army
investigations have addressed the problems of the adjacent solid waste
management units (SWMUs) west of the Marsh Run Field area and the water
quality of Marsh Run Creek since 1977; however, the Confirmation Study
conducted by Woodward-Clyde was the first site-specific investigation.
Findings are discussed in Section 1.2.3, Previous Investigations.

NCAD consists of 832 acres located in south-central Pennsylvania,
approximately 8 km south of Harrisburg and 1.6 km east of New Cumberland
in Fairview Township, York County, Pennsylvania. The depot is bounded by
the Susquehanna River to the north and east, the Pennsylvania Turnpike
(Interstate 76) to the south, and the Capital City Airport and residen-
tial developments to the west.

Marsh Run Storage Depot (the original name for NCAD) was constructed

in 1917. The post was redesignated as an Army reserve depot with the
mission to provide reserve storage for quartermaster, signal, ordnance,
medical, engineer, and chemical warfare items, save toxics and chemical
ammunition [Office of the Chief Chemical Warfare Services (OCCWS) 1944].
In 1918, after the end of World War I, the installation served as a
receiving point for supplies returned from overseas.

1-2
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Figure 1-2. Marsh Run Field and vicinity.
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Little activity occurred onpost from the end of World War I until World
Var II. During World War II the installation’s primary mission was to
serve as a filler depot to several ports of embarkation for overseas
shipment. The installation also served as a reception center for newly
inducted soldiers. In 1941, storage facilities onpost were doubled and
a clothing impregnation plant was added to the laundry.

- During the latter part of World War II, a prisoner-of-war (POW) camp for
German prisoners was established onpost. Following deactivation of the
POV camp and the reception center, a branch U.S. Disciplinary Barracks
was activated and remained in service until March 1959.

The post was the site for receiving and disposing of excess supplies and
equipment by the Quartermaster Supply Section for 13 states from the end
of World War II until June 1947. Beginning in September 1946, a War
Reserves Branch was established to store supplies and equipment; the
branch became especially active during the Korean Conflict.

The depot became a separate installation under the Quartermaster General
on 1 January 1948. During the Korean Conflict, activity increased as
maintenance divisions were formed and storage space enlarged. Between
1957 and 1959 the Quartermaster Supply Section increased activities in
subsistence, clothing textiles, and some Civil Defense stocks. The Quar-
termaster Inspector General Field Office was moved onpost in 1959, until
1962 when it was deactivated. In 1960, a million-dollar hangar and air-
craft maintenance shops, connected directly to the Harrisburg-York State
Airport, were constructed for maintenance of Army aircraft, especially
helicopters [Chemical Systems Laboratory (CSL) 1979]. '

In 1962, the depot was officially named New Cumberland Army Depot and
became a field installation of the U.S. Army Supply and Maintenance
Command. In 1966, NCAD was placed under the jurisdiction of the U.S.
Army Material Command (AMC).

In January 1967, the U.S. Army Logistics Doctrine and Systems Agency
(later redesignated the U.S. Army Logistics Doctrine, Systems, and
Readiness Agency) was activated onpost. Also in 1967, the Petroleum
Laboratory from Schenectady Army Depot (USAGMPA) was transferred to NCAD.
Changes occurring onpost in the 1970s included location of the U.S.
Environmental Protection Agency’s (EPA) Pesticide Division at NCAD.

In 1973, the NCAD mission was modified to include Aviation Support Com-
mand (AVSCOM). 1In 1974, AMC (redesignated DARCOM in January 1976 and
changed back to AMC in 1984) selected NCAD as the East Coast Secondary
Item Stockage and Issue Point, making the post part of a revised Dis-

- tribution Plant for Secondary Items. In June 1976, the Defense Supply
Agency designated NCAD as the principal distribution depot supporting
U.S. Army units in the U.S. Army, Burope (USAREUR), and the Eastern Con-
tinental United States (CONUS) under Direct Support System (DSS). NCAD
and other DARCOM depots were assigned to the newly designated U.S. Army
Depot System Command (DESCOM), a DARCOM major subordinate command, in
September 1976.
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Prior to 1983, NCAD’s mission was that of a supply and maintenance depot.
The major maintenance operations involved overhaul and modification of
Chinook helicopters and helicopter components. Since 1987, NCAD’s mis-
sion has changed to that of a supply depot, and the previous maintenance
facilities associated with aircraft maintenance (painting, machining, and
electroplating) have been eliminated. Many hazardous chemicals associ-
ated with these operations (acids, solvents, fuels, plating solutions)
are no longer stored or handled at NCAD.

1.2.1 Site Description

1.2.1.1 Regional Physiography, Soils, and Geology

The NCAD former landfill site (Marsh Run Field) is located in the extreme
southern portion of the Great Valley Section of the Valley and Ridge
Physiographic Province. The Great Valley Section is an area of relative-
ly low-to-moderate relief between regions of distinctively higher average
elevations. This subprovince is typified by its uniformity throughout
its extent. The Great Valley Section owes its position to the erosion of
a thick sequence of Cambrian and Ordovician sandstone and shale bounded
by more resistant rocks to the north and south. The boundary between the
Great Valley Section and the hills of the Triassic Lowland Section lies
approximately 200 ft southeast of the site.

The predominant bedrock underlying the site has been mapped as the
Triassic age Gettysburg Formation. The Gettysburg Formation is typically
composed of maroon shales and mudstones. The mudstones are typically
micaceous and silty, and may contain calcareous cement. Bedding is usu-
ally indistinct, and the rock weathers relatively easily. Tongues of
pebbly sandstone and coarse-grained sandstone form uplands and ridges
above the less resistant shales.

Structurally, the rock layers form a monocline having a predominantly
northwest dip of about 15-35°. The northeast-southwest trending Yellow
Breeches Thrust is situated approximately 3.5 mi northwest of the site.
The Triassic rocks unconformably overlie Paleozoic or Precambrian rocks.
The Gettysburg Formation has been estimated to be 10,000-15,000 ft thick.

A thin veneer (K10 ft) of Quaternary surficial deposits overlies the
bedrock. These deposits are composed of colluvial and alluvial deposits,
including terrace gravels and sands, and are typically clay, silt, sand,
and gravel. Interlayering and lensing are common.

The site is relatively flat with maximum topographic relief of less than
10 ft. It is situated at an average elevation of 300 ft above mean sea
level (MSL). The site topography in general slopes gradually to the
southwest toward the adjacent Marsh Run Creek. The present topography is
developed on fill. The cover £ill and fill deposited within the confines
of the site are classified by the U.S. Soil Conservation Service as Made
Land. The soils of this land type are typically a mixture of reddish
brown or dark brown silt loam that was originally surface soil, and silty
clay that was formerly subsoil. These materials are reworked seoils of
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the Wheeling, Sciotoville, Penn, and Lansdale materials. Most of the
soils are poorly drained and have a high water table.

1.2.1.2 Surface Water

The site is situated within the lower Susquehanna River Basin. Specifi-
cally, the site is located adjacent to and is drained by Marsh Run Creek
and the adjacent swamp to the east. Marsh Run Creek discharges directly
into the Susquehanna River 1,100 ft northeast of the site.

Because of past landfilling operations, the natural surface drainage has
been altered. Prior to landfilling operations, the site was marsh land
and was probably, in part, drained directly by the Susquehanna River.
Surface topography to the south (i.e., ridges rising abruptly from the
marsh to over 100 ft above the marsh) strongly preclude site incipient
runoff drainage south of Marsh Run Road.

Presently, surface runoff is directed offsite toward the south and

is collected by a drainage ditch which extends along the property’s
southwestern boundary, or is channeled by a west-east trending swale
along the property’s northern boundary to the adjacent swamp area east
of the site.

Marsh Run Creek receives shallow ground-water discharge as base flow

from the southern half of the site. It is also fed further upstream

by a north-south trending perennial stream, which merges with Marsh Run
Creek 2,500 ft west of the site. On the depot, Marsh Run Creek is a
low-gradient stream, which connects directly with a 32-acre stormwater
drainage pond on NCAD 1.3 mi west of the site. Coincidentally, this
low-gradient stream on its way to the site flows eastward on the base,
directly adjacent to three areas of past landfilling activities. Surface
and stormwater runoff from NCAD fiows to Marsh Run Creek from the ware-
housing and storage areas, and from heavily used streets and parking
lots. The Pennsylvania Turnpike parallels Marsh Run Creek, with the
highway centerline varying from 400 to 1,000 ft south of the Creek. A
Turnpike maintenance facility is located approximately 1,000 ft due south
of the Marsh Run Creek Dam. The highway maintenance facility surface
runoff discharges into storm drainage ditches that flow into Marsh Run
Creek.

Marsh Run Creek is classified as a warmwater fishery by the State of
Pennsylvania. Prior to 1974, the untreated wastewaters from the paint
stripping and plating facility were discharged to Marsh Run Creek. These
wastes included heavy metals (cadmium, chromium, copper, iron, lead,
nickel, and zinc), cyanide, solvents, paints, grease, and oil. Also,
there was an active landfill on the depot in the vicinity of Marsh Run
Creek. This former landfill is located approximately 3,000 ft west of
Marsh Run Field on depot property. The landfill remained active until

1 April 1979. The depth of the 300 x 2,400 £t landfill has been estimat-
ed to be 8-10 ft, based on adjacent topography [U.S. Army Environmental
Hygiene Agency (USAEHA) 1983].




The aforementioned landfill closure construction completed on 30 October
1979 was designed to limit the amount of leachate production and erosion.
Runoff from the higher elevated areas to the northeast of the landfill
vas directed to a culvert constructed through a clean fill zone in the
landfill to Marsh Run Creek. Clean fill, predominantly silty fine sand
with little clay, was used to cap the landfill and to build a 50-ft
buffer zone between the landfill and Marsh Run Creek. Before this time,
erosion had exposed cells of the landfill. Slag riprap was used at the
edge of the 50-ft buffer zone to minimize erosion by Marsh Run Creek and
by runoff. Crushed stone has been placed over the fill area to provide
temporary storage of NCAD vehicles, trailers, and depot supplies.
Although the closure design appears to be successful, the landfill sur-
face retains puddles for several days after rainfall. Subsequent to the
1979 closure, in 1983 it was reported that there were visible areas of
leachate flowing from the landfill. Also, the landfill was placed on top
of a bog; thus, much of the landfill material is in direct contact with
the water table. It is apparent that closure activities do not complete-
ly preclude the landfill’s potential contribution as an upgradient source
to Marsh Run Creek with respect to Marsh Run Field.

Previous studies of Marsh Run Creek (upstream of Marsh Run Field) have
found certain isomers of PCB, DDT, and chlordane, as well as lindane and
malathion, from unknown sources in fish, sediment, and/or water of Marsh
Run Creek (USAEHA 1983 and 1986).

1.2.1.3 Ground Vater

The major aquifer in the site region is the Gettysburg Formation.
Secondary porosity in the form of fractures and joints controls both
the storage and flow characteristics of the aquifer. These openings
provide an interconnected series of channels through which water can
flow. Compression tends to close the openings; therefore, they are
generally best developed near the surface, and occur less frequently
and are not as large deep in the formation. Primary porosity (i.e.,
between grains of the formation) contributes only a minor amount of
wvater to the formation.

In this region, ground-water flow occurs in a local to intermediate
extent (i.e., recharge occurs in topographic high areas and discharge
occurs in adjacent low-lying streams and springs). Investigation of

the regional Gettysburg Aquifer by others (Wood 1980) indicates that

the competent sandstone intervals of the Gettysburg are more extensively
fractured than the relatively deformed shale beds. Consequently, it is
the interlayered sandstone lithology that provides the majority of the
formation water. Interconnectivity continuity is relatively well main-
tained in each horizon along strike, but not in the vertical direction
wvhere shale layers hydraulically segregate these units.

The greatest permeability in the Gettysburg extends in a direction

nearly parallel to strike. Correspondingly, maximum aquifer response
to drawdown extends in the strike direction.
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Investigations by others (Wood 1980) have determined that the presence
of relatively impermeable shale layers and discontinuities produced by
faulting and diabase intrusions tends to promote lateral rather than
vertical flow within these aquifers. Multidepth testing of wells in
valleys indicated downward flow with respect to increasing depth. This
vas indicative that underflow at depth beneath perennial streams exists.
The Gettysburg Formation is typified by a shallow water-table aquifer

(i.e., several tens of feet in thickness) and grades gradually into a
camirnnfinad anni far with denth
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The overlying recent gravel terrace deposits are restricted in areal
extent to the low-lying areas adjacent to the Susquehanna River, peren-
nial streams, and at the foot of hills as colluvial deposits. These
deposits serve as storage for subsequent recharge to the underlying
bedrock aquifer.

With the exception of the overlying unconsolidated terrace deposits,
storage in the bedrock aquifer is poor, usually less than 1 percent.
Thus, aquifer withdrawal is directly replenished by annual rainfall
recharge.

On the average, annual precipitation is 40 in. in the project area.
Ground-water recharge is approximated at 12 in./year (52 mgd/mi?) in the
lowver Susquehanna River basin. However, it has been reported that due to
the low ground-water storage in the Triassic sandstones that an average
net recharge of 6 in. per year is more appropriate (Wood 1980). The
remaining precipitation is lost as surface runcff or by evapotranspira-
tion. Ground-water baseflow to local streams has been estimated at

65 percent of total streamflow (Taylor and Werkheiser 1984).

Depth to water ranges from near-surface to 15 ft below surface within

a 1,000-ft radius of the site. In the site locale, water levels are
anticipated to fluctuate by 5 ft. The close proximity to the Susquehanna
River has a strong influence on maximum water-level fluctuations.

In general, shallow ground-water flow at the site is under water-table
conditions (unconfined). Flow is semiradial toward the south-southwest -
and north, toward Marsh Run Creek and the Susquehanna River, respective-
ly. In a more regional regime, intermediate depth ground-water flow is
to the east-northeast toward the Susquehanna River. Fracture orientation
in the bedrock may alter the anticipated flow paths significantly when
fracturing is extensive.

The residences south of the site (i.e., across Marsh Run Road) derive
water from wells installed in the bedrock aquifer. These wells are
hydraulically upgradient of the site.

Tables 1-1 and 1-2 list the median concentrations of inorganic parameters

and trace elements, respectively, of samples collected from domestic
vells in the Gettysburg Formation (Wood 1980).
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TABLE 1-1 MEDIAN CONCENTRATIONS OF CHEMICAL CONSTITUENTS IN GROUND
WATER OF LITHOLOGIC SUBGROUPS OF THE GETTYSBURG FORMATION

(Source: Wood 1980)
Median of indicated constituent, in
milligrams per liter, except as indicated
Sandy
Shale in
Middletown
Constituent Shale Sandstone Area
Silica (SiOz) 20 22 21
Iron (Fe)(ug/L) 80 40 70
Manganese (Mn)(ug/L) 0 0 10
Calcium (Ca) 56 25 87
Magnesium (Mg) i1 A 19
Sodium (Na) 8.6 7.8 12
Potassium (K) 1.3 .9 1.5
Bicarbonate (HCO3) 142 81 187
Sulfate (804) 28 11 118
Chloride (Cl1) 7.7 5.8 11
Fluoride (F) 0.1 0.1 0
Nitrate (N) 3.2 2.6 2.9
Nitrite (N) 0.01 0.01 -
Ammonia nitrogen (N) 0.01 0.01 -
Organic nitrogen (N) 0.00 0.00 ——
Orthophosphorous (P) 0.02 0.04 —
Dissolved solids
(residue at 180 C) 256 144 400
Dissolved solids
(sum of constituents) 206 142 423
Hardness (Ca, Mg) 170 110 290
Noncarbonate hardness 40 9 130
Specific conductance
(micromhos) 452 230 585
pH (units) 7.3 6.6 7.5

Number of analyses

for each constituent

5-17

15-23

13-15
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TABLE 1-2 MEDIAN CONCENTRATIONS OF TRACE ELEMENTS IN WATER ANALYZED FROM THE GETTYSBURG AND HAMMER CREEK FORMATIONS
{Source: Wood 1980)
Dis- Dis- Dis- Dis- Dis~ Dis- Dis— Dis- Dis-
solved solved solved Dis- solved solved Dis- Dis- Dis- solved solved Dis- solved solved Dis- Dis-
alum- arse- bar- solved cad- chro— solved solved solved lith- mer- solved sele—~ stron- solved solved
inum nic ium boron Bromide mium mium cobalt copper lead ium cury nickel nium tium silver zinc
(al) (As) (Ba) (B) (Br) (cd) (Cr) (Co) {Cu) (Pb) (Li) (Hg) (Ni) (Se) {Sr) (Ag) (2n)
(vg/L) (wa/L) {wg/L) (ug/L) (mg/L) (wg/L) (wg/L} (wg9/L) (ug/L) (wa/L) (ug/L) (wg/L} (wa/L) (wg/L) (v9/L) (wg/L) (ug/L)
Median
Concen-
tration 10 G 100 10 0.0 1 <10 0 40 5 V] <0.5 0 0 80 0 60



1.2.2 Site History

There is limited documentation pertaining to the distribution, quanti-
ties, or types of substances deposited at the site. Reportedly, waste
wvas piled directly over the wetland area. Trenches may have been dug for
increased disposal capacity. Because of the lack of operational records,
it is possible that hazardous substances may exist throughout the land-
fill site. It is not known how extensively the landfill was used for the
disposal of hazardous substances. There is some evidence of "normal”
landfill waste (i.e., household, construction debris, etc.).

This site was identified in the 1979 Installation Assessment (CSL 1979).
In the early period of NCAD history, when the major depot activity was
the storage of subsistence items, damaged canned goods were the major
item for disposal. VWith the advent of the Chemical Warfare Service (CWS)
storage activities, the materials sent for disposal included damaged,
out-of-specification, or empty containers from such materials as napalm
thickener (aluminum naphthalate soaps), decontaminating agent noncorro-
sive (DANC) (1,3-dichloro-5,5- dimethylhydantoin), decontaminating solu-
tion (DS-1) (diethylenetriamine), bleaches (hypochlorites), and clothing
impregnating compounds (chlorinated aniline in a chlorinated paraffin
binder). According to a U.S. Army CWS document (1959), approximately
713,000 £t? of space was appropriated at NCAD for storage of chemical
warfare supplies. The primary function of NCAD with respect to the
storage and distribution of chemical warfare supplies was distribution
of general supplies both for Zone of Interior installation and ports

of embarkment. Training ammunition was also possibly distributed. A
concern of whether chemical agents were ever stored at NCAD was addressed
by the review of Army documents (i.e., by EA and an independent Army
archive search), which indicates that toxic chemical agents were not
handled or stored at NCAD.

A reviewv of Army documents pertaining to storage of mustard agent at
other Army facilities reports of the unstable nature of the early mustard
agents (i.e., 70 percent B,B’~dichloroethyl sulfide and 30 percent of
sulphur and other sulphur compounds). Early mustard agent (produced by
the Levinstein Process) would sometimes build up large pressures within
the containers, producing breeches of the canister. Corrosion of the
canister was also a potential danger. However, from review of Army
literature (CWS 1959), it appears as if the majority of chemical agents,
of which mustard agent constituted half by weight, were handled by CWS
branch depots. NCAD was not one of those depots.

NCAD functioned as support for CWS as indicated in a booklet prepared
by the Office of the Chief, CWS, Supply Missions of Chemical Warfare
Service Installations, OCCWS, Washington, D.C., 24 May 1944, in the
following capacities:

1. As a Zone of the Interior distribution depot--To receive and
store CWS general supplies for distribution to installations
located within the First and Second service commands and the
State of Pennsylvania.
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2. As a Table of Organization filler depot--To receive and
store CWS general supplies for shipment overseas through
the Boston and New York ports of embarkment.

3. As a reserve depot--to receive and store authorized reserves
of CWS general supplies for general distribution.

As a Table of Organization and reserve depot, incendiary and smoke ammu-

nition (excluding explosive and toxic ammunition) were received, stored,

and shipped overseas through ports of embarkment as directed by the Chief
of Chemical Warfare Services. All items of CWS issue (except toxics and

chemical ammunition) were stored and shipped by the NCAD Chemical Supply

Section (Technical Services 1960).

A historical search of the archives was conducted by the U.S. Army Corps
of Engineers, Office of History. The report, entitled "The New Cumber-
land Army Depot and Toxic Chemical Munitions" and issued 28 September
1989, concluded the following:

1. The mission statements examined do not assign the storage
of toxic chemical munitions as part of the Chemical Warfare
Service storage and maintenance mission at NCAD. They show
that during World War II and the period 1946-1953, the Chem-
ical Warfare Service tasked the depot’s Chemical Supply Sec-
tion with five major missions: (1) the construction and
operation of a clothing renovation plant, (2) the storage
and maintenance of industrial chemicals required for the
operation of the plant, (3) the storage and maintenance of
such Chemical Warfare Service items as protective clothing,
gas masks, and decontamination equipment, (4) the storage
and maintenance of incendiary munitions, and (5) a 1946 bomb
desegregation program involving the identification and test-
ing of incendiary bombs.

2. The records also indicate that the Chemical Warfare Service
Supply Section utilized a relatively small part of the total
storage space at NCAD, no more than 12 percent at any one
time during 1944. Further, there is no mention of the pres-
ence there of toxic waste yards or the other special facili-
ties present at other Chemical Warfare Service installations
tasked with the storage of toxic chemical munitions.

3. There is no evidence that the Chemical Corps’ plans for the
post World War II period included either the storage, main-
tenance, or disposal of toxic chemical munitions by NCAD.
The only mention of plans to store chemical munitions at New
Cumberland refers to incendiary bombs. Also there is no
mention in these records of the presence of chemical iden-
tification kits.
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4. Official histories of Chemical Warfare Service operations
at NCAD and Depot Organization and Functions Manuals make
no mention of either the storage, maintenance, or disposal
of toxic chemical munitions.

Beginning in April 1944, M17 cluster bombs and 100-1b incendiaries were
stored in the Section Bomb Area of NCAD; this was a temporary measure
imposed by the overloading of the manufacturer’s storage facilities.

CVS supplies were first accepted by NCAD in December 1942, and were
shipped out in the following months in total tonnages ranging from
78 to 439 tons per month between December 1942 and June 1945.

The waste disposal practices used in the landfill were the standard prac-
tices of the time period. Apparently most of the CWS supplies were pro-
tective clothing and damaged, out-of-specification, or empty containers
from such materials as napalm thickener (which is only the thickener for
the jelly-like napalm substance) and clothing impregnating material.

Army records indicate that a 1-1b container of potassium cyanide wvas
buried at the site in March 1957. The container was excavated and
disposed offsite by Rollins Environmental Service Company in 1978.

In 1976, the Marsh Run Field site was sold to Fairview Township. To
make the site usable as a soccer field, the township graded the site and
brought in topsoil to make a suitable playing surface. In 1979 and 1983,
Army tests indicated that water flowing from the western edge landfill
area was not adversely affecting Marsh Run Creek.

The 1979, 1983, and 1988 U.S. Army Toxic and Hazardous Materials Agency
(USATHAMA) reports of depot environmental conditions were submitted to
the EPA upon issuance. Conditions of the landfills located on the depot
were not considered to warrant remedial action. However, in accordance
with USATHAMA reports (1979 and 1983), monitoring of Marsh Run Creek was
recommended. The above-cited reports did not directly address Marsh Run
Field ground-vater and soil conditions. Only indirect monitoring of
water quality of the adjacent Marsh Run Creek was addressed.

In August 1986, NCAD identified Marsh Run Field as an excess federal
property eligible for the Defense Environmental Restoration Program,

and in April 1987, the Army commenced testing of the site. In August
1987 the Army received and shared preliminary test results with Fairview
Township, and closed the park. In April 1988, formal preliminary test
results were received and shared with Fairview Township. Results showed
that low levels of contamination existed in the subsoil and ground water.
On 9 May 1988 the Pennsylvania Department of Environmental Resources
(PaDER) tested the wells of Marsh Run Park neighbors for trace metals
and volatile organic compounds. On 10 May 1988 results confirmed that
the wells were not contaminated. As a result of the low levels of con-
tamination found by the preliminary Marsh Run Field investigation, the
Army recommended that a follow-up study be performed to determine the
extent of the contamination. On 11 May 1988 the Army released funds to
perform the follow-up environmental studies of Marsh Run Park. At the
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same time, the Army initiated the sampling and analysis of the cover fill
topsoil to determine whether contamination existed and if there were any
risk to the children playing soccer on the field.

On 25 May 1988 the U.S. Army Corps of Engineers, Omaha District, had

a total of eight surficial soil samples collected and analyzed at the
Marsh Run Field site. The purpose of this sampling was to prepare a
report addressing the contaminants present in the surface soils and to
evaluate the risk to public health from exposure to these soils. An
offsite sample, SS-7, was collected outside of the site boundaries.
However, this sample was near the site boundaries and its validity as
a background sample should be regarded with scrutiny.

On 22 and 23 June 1988 the Technical Assistance Team for Emergency
Response Removal and Prevention under contract to EPA, Region III

(Philadelphia), collected 15 surficial soil samples, including one
background sample (#11).

On 29 June 1988 the Army disclosed the results of the topsoil sampling
by the EPA and U.S. Army Corps of Engineers. The results indicated that
the surface soils at Marsh Run Park did not present any apparent health
hazards to the children exposed to the soils. The report indicated that
the children were never at an unacceptable risk.

The environmental conditions at Marsh Run Field, although directly
related to past NCAD disposal history, may also have been impacted by
disposal activities of other identified SWMUs located on NCAD. Previous
environmental studies of Marsh Run Creek and other SWMUs on the depot
immediately adjacent to Marsh Run Creek, which flows through these areas,
have indicated contamination. Other NCAD environmental concerns which
may impact Marsh Run Field environs, although remote, include the solvent
release at the Tank 950 area and past chromium storage at the area pres-
ently occupied by the Eastern Distribution Center. Numerous investiga-
tions have studied the environmental impact of these sites separately and
in some cases cumulatively. However, the cumulative effect of all sites
in the vicinity with respect to the Marsh Run Field environmental status
has not been addressed. Table 1-3 summarizes the relevant usage, envi-
ronmental conditions, and present status of sites that may potentially
impact the site-specific environmental conditions of Marsh Run Field.

In particular, impacts on the surface water quality of Marsh Run Creek
and ground-water quality of the bedrock (regional) aquifer are consid-
ered. Figure 1-3 shows the location of these sites.

From examination of Table 1-3 it is apparent that other sites in the
vicinity may individually or cumulatively augment any site-specific
derived contamination. The recurrence of volatile and semivolatile com-
pounds has been documented in the Marsh Run Creek surface water upgradi-
ent of Marsh Run Field, in soils and in ground water, on or beneath this
depot facility. Other relevant concerns have not been fully addressed--
in particular, the extent of contamination in the local bedrock aquifer.
The presence of sites such as the Firefighting Training Area (Site 5,
Figure 1-3) and landfills adjacent to Marsh Run Creek (Sites 2 and 4)
presents an enhanced probability that ground water and surface water
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TABLE 1-3 RELEVANT USAGE,

MARSH RUN SITE

ENVIRONMENTAL CONDITIONS,

AND PRESENT

STATUS OF SOLID WASTE MANAGEMENT UNITS ADJACENT TO THE

-

Site Name Type

Usage

Present Condition/Status

Potential Impact
to Marsh Run Field

Site 1
Chromium Sump

Subsurface sump which
was corroded badly

Site 2 Landfill-—-approx.
Abandoned dimensions 300 x
Landfill 900 ft

Site 3 Refuse transfer area
Refuse and wood debris site

Transfer Area 450 x 450 ft

Chromium—contaminated so0il and
ground water resulting from a
buried concrete sump used to
contain plating solutions from
former plating shop. Used
until fall of 1985. Soil was
stained and contaminated with
chromium to 8 £ft. Shallow
ground water also high in
chromium. Subsequent deep
wells installed outside of
chromium—-contaminated area
revealed TCE contamination of
bedrock wells 70~172 ft deep.
This indicated regional
ground-water contamination.

Operated between 1950s and
1971. Used primarily as truck
dispatch area. Bleaching pow-
der was discovered in this
area. Apparently 100-ft-long
6-ft trenches were dug and 3
to 4 5-ton truck loads of
bleaching powder were land-
filled. Surface water leach-
ate seeps were sampled and
analyzed in 1988. 1,1,2-2-
Tetrachlorocethane was detected
at 100 ug/L in ponded water
onsite. Low levels of BNaAs
were found in a storm drain
culvert proximal to the site.
Other possible waste disposal
includes sewage treatment
plant sludge and mess hall
waste.

Utilized as a fill site for
inert materials. Site is
operating as a refuse trans-—
fer. No evidence of hazardous
materials or waste storage.

After results of test borings
indicated contamination of
soil, 1,440 yd? of soil were
removed and shipped offsite.
A ground-water collection
system was also installed to
collect local ground water
for transportation offsite.

Potential contamination of
shallow water table and ad-
jacent Marsh Run Creek may
occur. Regional aquifer
ground-water quality impact
due to site unknown.

Currently in operation for
refuse transfer.

Low~to—-moderate ground-water
abatement may control shal-
low migration of chromium.
The TCE, whether related to
this site or not, is proba-
bly not influenced by recov-
ery operation. Regional
ground-water flow may trend
toward Marsh Run Field if
fractures influence flow
paths.

Low—to-moderate potential
impact on Marsh Run Creek
due to shallow water~table
base flow to stream.

Low
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TABLE 1-3

{Cont.)

Site Name

Type

Usage

Present Condition/Status

Potential Impact
to Marsh Run Field

Site 4
Closed
Sanitary
Landfill

Site 5
Firefighting
Training Area

Landfill approximately
15 acres

Open area used for
firefighting training
80 x 200 ft

Used between 1952 and 1979.
Domestic solid waste, card-
board, wood, and dried sewage
sludge were disposed by common
method of landfilling. Site
closed in 1979 because it
could not be permitted under
existing State landfill re-—
quirements. Site lies within
100-year floodplain. Leachate
seeps occur near boundary
adjacent to Marsh Run Creek.
Numerous aquatic and water
quality studies conclude
leachate seeps are diluted
upon entering Marsh Run Creek.
Leachate was found to contain
low-level PCBs and volatile
organics.

Currently used. First use is
not known. Various types of
waste oils, solvents, and
chemicals were stored in the
past in this location. These
materials were subsequently
burned during fire training
exercises. The use of sol-
vents and waste oils to start
fires is no longer practical.
One soil sample was found

to contain semivolatile com-
pounds: phenanthrene, flour-—
anthene, pyrene, benzo{(a)
anthracene, chrysene, benzo(b)
flouranthene, and benzo(a)
pyrene. Surficial soil sam-
ples were not analyzed for
volatile organic compounds.

Site is closed. No recommen-—
dations for further sampling
were made as a result of the
latest 1986 water quality
study.

Presently used. The Interim
Final Report, Ground-Water
Contamination Survey No.
38-26-0872-89 NCAD (1987-
1988), recommended that fur-
ther sampling be conducted

in the unsaturated zone and
at least one monitoring well
be installed in the area.

To date no well has been
installed. Volatile and semi-
volatile contamination to the
water table has not been
addressed.

Low potential for shallow
water—table discharge to
Marsh Run Creek. Potential
for deeper bedrock aguifer
impact, however, has not
been evaluated by previous
investigation.

Moderate. This site is
close to Marsh Run Field
(i.e., <200 ft). The pres-
ence of semivolatile com-—
pounds and the absence of
volatile organic data pre-
sent the potential for
ground-water contamination
of the shallow water table
and bedrock regional aquifer
near Marsh Run Field. Marsh
Run Creek (water quality)
may also be impacted by this
site.
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TABLE 1-3

(Cont.)

p—"

Site Name

Type

Usage

Present Condition/Status

Potential Impact
to Marsh Run Field

Site 6
Sewage Sludge
Disposal Area

Sewage sludge disposal
area

From 1977 to 1979,

sewage sludge was applied to

digested

the area alony the southern

boundary of NCAD,
Marsh Run Creek.

south of

Land application of sludge
ceased in 1979.

Low
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beneath and adjacent to Marsh Run Field, respectively, may be impacted
as a result of singular or cumulative effects of one or more of these
sites.

Appendix A summarizes the history of response actions and relevant site
investigations. The results of relevant site investigations conducted
are discussed in Section 1.2.3.

1.2.3 Previous Investigations

Previous investigations relevant to the site but not site specific
were conducted as early as 1977. These early investigations primarily
addressed. the water quality of Marsh Run Creek, but also evaluated the
ground-vater quality beneath the depot along the south and southwest
portions of NCAD.

The New Cumberland Army Depot has been investigated on several occasions
regarding environmental problems and solutions. Results and conclusions
of these reports as early as 1979 (CSL 1979) alluded to the potential of
contamination introduction into the environment as a result of past dis-
posal practices at the Marsh Run Field landfill. During the Installation
Assessment of the New Cumberland Army Depot (CSL 1979), the Marsh Run
Field site was identified as a potential candidate for future site-
specific environmental impact investigations.

One of the more serious depot-related contaminant releases to the envi-
ronment occurred in 1981 when an estimated 1,000-2,000 gal of solvents
and oil leaked from an underground storage tank (Tank 950). The tank was
subsequently removed and a series of monitoring wells were installed to
evaluate the extent and magnitude of contamination. The Tank 950 site is
situated in the central portion of the depot approximately 1 mi northwest
of Marsh Run Field. Results of previous investigations of the Tank 950
spill indicate a south-southeast migration direction of volatile contami-
nation in the overburden [USAEHA 1986; Environmental Science and Engi-
neering, Inc. (ESE) 1987]. Figure 1-3 shows the location of the Tank 950
spill in relation to Marsh Run Field.

Other reports (USAEHA 1986; ESE 1987) indicate a contaminant plume
resulting from the Tank 950 leak moving south-southeast. In 1986, vola-
tile chemical compounds, including trans-1,2-dichloroethene, trichloro-
ethene, and toluene, were detected in monitoring wells in excess of sev-
eral thousand ug/L within 100 ft of the tank spill, and several hundred
ug/L 500 ft from the tank spill. This site is presently in a remediation
phase of ground-water extraction and treatment. Although based on the
inferred ground-water flow path from the Tank 950 leak site investiga-
tion report, there is a remote possibility that contamination may migrate
along bedrock fracture lineaments under the influence of residential well
withdrawal. Movement of ground water from the Tank 950 site in the
direction of Marsh Run Field is considered remote, and prior to this

RI no confirmation of this scenario was available.

Nearer the site (within 3,500 ft) or along sensitive migration pathways
(proximal to eastward flowing Marsh Run Creek), six sites on the depot

1-12




property have previously been investigated. These sites may also have an
indirect or direct environmental impact on the environs proximal to Marsh
Run Field.

Based on previous investigations, it is speculated that the water

quality of Marsh Run Creek is affected to some degree by the closed
sanitary landfill (Site 4) where leachate emanating from the landfill

and discharging to Marsh Run Creek has been found to contain low level
PCBs, pesticides, and volatile organics (USAEHA 1978 and 1983). The
USAEHA 1978 investigation sampled Marsh Run Creek along sampling points
which are depicted in Figure 1-4. Pesticides were detected in sediments
adjacent to the Marsh Run Field Site (Sampling Point 7) and further up-
stream as far as Marsh Run Pond (Figure 1-4). Both reports concluded
that Marsh Run Creek was receiving low-level pesticides from the adjacent
sanitary landfill on the depot (Site 4) and from previously spread sewage
treatment sludge (Site 6).

Figure 1-5 shows the sampling locations from the USAEHA 1983 investiga-
tion. Table 1-4 summarizes the compounds detected from those sampling
locations. The results of this investigation suggested that pesticide
was still being contributed to the stream sediments from adjacent
sources. Several volatile organic compounds were also detected in
surface water and leachate samples collected during this investigation.
The closed sanitary landfill on the depot was identified as a potential
source of volatile constituents.

A 1986 water quality study (USAEHA 1986) concluded that the leachate was
sufficiently diluted in Marsh Run Creek and had little effect on the
water quality of Marsh Run Creek.

Another site of particular interest is the Firefighting Training Area
(Site 5). This area, which is shown in Figure 1-3, is on the depot
property immediately to the northwest of Marsh Run Field. This site

was previously sampled in August 1988 in preparation for the Interim
Final Report, Ground-Water Contamination Survey No. 38-26-0872-89 NCAD,
14-17 December 1987 and 4-5 August 1988. One soil sample revealed low
levels of several semivolatile compounds, including phenanthrene, flou-
ranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)flouranthene,
and benzo(a)pyrene. No analysis for volatile constituents was conducted.
Subsequently, no investigative activities were targeted toward potential
shallow ground-water quality. Coincidentally, the 1988 report recom-
mended the installation of at least one monitoring well. The Firefight-
ing Training Area is considered to present a low-to-moderate potential
for adverse environmental impact on the Marsh Run Field site environs.

The environmental investigations conducted in the past 12 years on areas
adjacent to Marsh Run Field, but not specific to Marsh Run Field, are
summarized below.

U.S. Army Environmental Hygiene Agency (USAEHA). 1977. Solid
Waste Management Consultation No. 61-0149-78, Sanitary Land-
fill Evaluation, New Cumberland Army Depot, New Cumberland,
Pa. Aberdeen Proving Ground, Md.
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TABLE 1-4 LIST OF CHEMICAL COMPOUNDS DETECTED IN MARSH RUN CREEK
AND ADJACENT AREA DURING SURVEY OF MARSH RUN CREEK
(Source: USAEHA 1983)

Compound Detected

Benzene

Chloroethane
Chlorobenzene

Chloroform
1,2-Dichloroethene (Trans)
Ethyl Benzene
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Trichloroethylene

Toluene

Vinyl Chloride

0,P’-DDD

P,P’-DDD

P,P’-DDE

P,P’-DDT

Highest Concentration of Compound
Detected in Environmental Samples

3 ppb (Leachate Sample L2)

5 ppb (Leachate Sample L2)

3 ppb (Leachate Sample L3)

15 ppb (Marsh Run Creek S1)

3 ppb (Leachate Sample L2)

8 ppb (Leachate Sample L2)

12 ppb (Storm Drainage Dé&4)

4 ppb (Storm Drainage D4)

22 ppb (Storm Drainage D1)

7 ppb (Leachate Sample L2)

5 ppb (Leachate Sample L2)
0.05 ppm (Leachate Sample L3)
0.17 ppm (Leachate Sample L3)
0.08 ppm (Leachate Sample L3)

0.1 ppm (Leachate Sample L3)



New Cumberland Army Depot, Facilities Engineering Division.
1978. Installation Environmental Impact Assessment for New
Cumberland Army Depot. New Cumberland, Pa.

U.S. Army Environmental Hygiene Agency (USAEHA). 1978. Vater
Quality Engineering Special Study No. 32-61-0173-79, New
Cumberland Army Depot, New Cumberland, Pa. Aberdeen Proving
Ground, Md.

Chemical Systems Laboratory (CSL). 1979. Installation Assess-
ment of New Cumberland Army Depot, Pa. Aberdeen Proving
Ground, Md. (USATHAMA).

U.S. Army Environmental Hygiene Agency (USAEHA). 1982.
Geohydrologic Study No. 38-26-0202-82, New Cumberland Army
Depot, New Cumberland, Pa. Aberdeen Proving Ground, Md.

Environmental Science and Engineering, Inc. (ESE). 1983.
Installation Reassessment of Headquarters, NCAD, Pa.
Gainesville, F1. Report No. 131R.

U.S. Army Environmental Hygiene Agency (USAEHA). 1983. Water
Quality Biological Study No. 32-24-0406-84, Survey of Marsh
Run Creek, NCAD, Pa. 25 July - 5 August 1983.

U.S. Army Environmental Hygiene Agency (USAEHA). 1986.
Follow-up on Water Quality Biological Study 32-24-0406-84,
NCAD, Pa. 8 April 1986.

U.S. Army Environmental Hygiene Agency (USAEHA). 1986.
Groundwater Contamination Migration Study No. 38-26-0550-87,
NCAD, New Cumberland, Pa. 2-9 June 1986.

Environmental Science and Engineering, Inc. (ESE). 1987.
Update of the Installation Reassessment of New Cumberland
Army Depot.

U.S. Army Environmental Hygiene Agency (USAEHA). 1988.
Interim Final Report, Ground-Water Contamination Survey No.
38-26-0872-89, NCAD, New Cumberland, Pa. 14-17 December 1987
and 4-5 August 1988.

Although these investigations addressed areas adjacent to the Marsh Run
Field site, no site-specific data were developed from these reports. It
can therefore be assumed that there is at least a potential that the sin-
gular or cumulative effect of these sites may adversely impact the Marsh
Run Field environmental conditions. However, in order to evaluate the
singular or cumulative effect, if any, of the peripheral sites and the
contribution of contamination to the environment from Marsh Run Field,

an initial site-specific study (i.e., Confirmation Study) was conducted
as part of DERP. The study was conducted in 1987 by Woodward-Clyde and

a final report was completed in March 1988. Until the performance of
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this Remedial Investigation, the Woodward-Clyde Confirmation Study
constituted the only Marsh Run Field site-specific database.

The Confirmation Study consisted of the installation of three shallow
(overburden) monitoring wells, five test pits excavated within the
property boundaries (three inside the fill and two outside obvious fill
material), and soil and stream sediment samples collected from Marsh Run
Creek. Figure 1-6 shows the sampling points from the Confirmation Study.

All soil and sediment samples from the Marsh Run Field site were analyzed
for petroleum hydrocarbons, total metals, and volatile organics. Soil
samples obtained from test pits were also analyzed in addition to the
above parameters for base/neutral and acid (BNA) extractable organics

and cyanide.

Results from sample analyses show that soils collected from test pits
located within the landfill (TP-3, TP-4, and TP-5) (Figure 1-6) and
sediment samples from areas surrounding the landfill all contained
detectable levels of petroleum hydrocarbons, with concentrations varying
from 120 ppm in TP-5 to 470 ppm in SD-1. BNA extractable organics,
mainly chlorinated solvents and polyaromatic hydrocarbons (PAHs), were
detected in test pit samples from within the landfill. Concentrations
ranged from 4.1 ppm of 1,2,3,5-tetrachlorobenzene to 55.0 ppm of phenan-
threne. Trace concentrations of volatile organics (24 ppb of chloroform)
were found in only one sample, TP-3. Stream sediment samples (i.e., SD-1
through SD-4) exhibited no detectable concentrations of volatile or semi-
volatile compounds, with the exception of the laboratory artifacts
methylene chloride and acetone.

In summary, findings of the Confirmation Study indicated the presence

of semivolatile compounds, cyanide, and petroleum hydrocarbons in soil
samples collected within the landfill confines. Arsenic, barium, copper,
mercury, zinc, cadmium, lead, and silver were also detected in several
soil samples collected onsite (i.e., test pit samples).

The ground-water samples from the monitoring wells were analyzed for
petroleum hydrocarbons, volatile organics, and dissolved metals. A
ground-water sample collected from MW-1A was found to contain 26 ppm
trans-1,2-dichloroethane and 5 ppb trichloroethene. Elevated levels of
dissolved barium, manganese, copper, cobalt, magnesium, lead, and nickel
vere also detected in monitoring well samples collected from MW-2A and
MW-3A. Monitoring well ground-water samples were not analyzed for semi-
volatile compounds; consequently, the presence or absence of these com-
pounds in the ground water was not determined. Table 1-5 lists the vari-
ous chemical compounds detected in sample matrices collected during the
1987 Confirmation Study.

As a follow-up to the Confirmation Study, 23 discrete surficial soil

samples were collected by the U.S. Army Corps of Engineers and the EPA
on 25 May and 22, 23 June 1988, respectively. These samples were col-
lected for the purpose of evaluating human health risk associated with
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TABLE 1-5 LIST OF CHEMICAL COMPOUNDS DETECTED AT MARSH RUN FIELD
DURING THE CONFIRMATION STUDY (Source: Woodward-Clyde

1988)
Highest Concentration of
Compound Detected in
Compound Environmental Samples
Arsenic 20 ppm (test pit #5)
10 ppm (surface sediment, SD-3)
Barium 663 ppm (test pit #5)
101 ppm (surface sediment, SD-3)
Cadmium 6.9 ppm (ground water, MW-1A)
6.3 ppm (test pit #3)
0.92 ppm (surface sediment, SD-3)
Chloroform 24 ppb (test pit #3)
Copper 128 ppb (ground water, MW-3A)
261 ppm (test pit #5)
Cyanide 0.32 ppm (test pit #5)
Dibenzofuran 2 ppm (test pit #5)

1,3-Dichlorobenzene
Trans-1,2-dichloroethene
Trichloroethene
Hexachlorobenzene

Lead

Mercury
Naphthalene
Pentachlorobenzene
Pentachlorophenol

PAHs
(coal tar pitch volatiles)

Silver

250 ppb (test pit #3)

26 ppb (ground water, MW-1A)
5 ppb (ground water, MW-1A)
470 ppb (test pit #3)

66 ppb (ground water, MW-3A)
4,060 ppm (test pit #5)

72 ppm (surface sediment, SD-3)

0.68 ppm (test pit #4)
1,900 ppb (test pit #5)
670 ppb (test pit #3)

2,800 ppb (test pit #3)

341 ppm (test pit #5)

67 ppm (test pit #4)
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TABLE 1-5

(Cont.)

Contaminant

1,2,4,5-Tetrachlorobenzene
1,2,4-Trichlorobenzene

Zinc

(s,

Highest Concentration of
Contaminant Detected in
Environmental Samples

41 ppm (test pit #3)
650 ppb (test pit #3)
2,380 (test pit #5)

60 ppb (ground water, MW-3A)
101 ppm (surface sediment, SD-3)




e

the surface soils on the field. Tables 1-6 and 1-7 summarize the com-
pounds detected in these surficial samples. Figure 1-7 shows the
appropriate location of the surficial samples.

1-16




sl

TABLE 1-6 RESULTS OF CHEMICAL ANALYSIS OF SURFACE SOILS COLLECTED BY USACE AT MARSH RUY FIELD, ON 25 MAY 1988

{all values in mg/kg

(ppm) ]

o~

Analyte

Fluoranthene

Pyrene

Phenanthrene
Naphthalene
2-Methylnaphthalene
Anthracene

Chrysene
Benzo(a)anthracene
Indeno(l,2,3-c-d)pyrene
Benzo(g,h,i)perylene
Acenaphthene
Fluorene
Benzo(b)fluoranthene
Benzo({a)pyrene
Benzo{k)fluoranthene
Dibenzo(a,h)anthracene
Dibenzofuran
Diethylphthalate
Di-n~butylphthalate
Bis{(2-ethylhexyl)phthalate
Antimony

Arsenic

Beryllium

Cadmium

Chromium

Copper

Lead

Mercury

Nickel

Selenium

Silver

Thallium

Zinc

Cyanide

CRDL

0.33
0.33
0.33
0.33

(a)

(a) Contract Required Detection Limit

(b) Actual Detection Limit
Source: U.S. ACE 1988

581 S$S52 SS2D Ss3 554 SS5 SS6 SS§7 Ss8 SS8D
0.16 0.85 0.78 8.10 4.84
0.14 1.16 0.64 6.86 4.10
0.16 0.51 0.45 7.15 3.63
0.06 0.41 0.08
0.08 0.26 0.06
0.03 0.03 1.49 6.70Q
0.52 0.39 3.97 1.93
0.39 0.35 4.20 1.97
0.16 1.93 0.75
0.18 2.05 0.80
0.96 0.38
0.98 0.42
2.04 0.90
3.33 1.41
1.77 0.89
0.78
0.58 0.22
0.10 0.17 0.011 0.08 0.19 0.08 0.08 0.07
0.56 0.84 0.63 0.38 1.12 0.47 0.91 0.99 0.62 0.57
0.61 0.69 1.27 1.60 1.89 0.94
4.23 6.93 6.79 6.36 2.77 6.81 3.93 4.19 6.22 5.63
9.03 8.88 9.28 3.33 14.60 4.23 13.40 14.80 8.36 16.60
10.90 18.70 19.70 16.60 12.80 13.40 5.29 9.38 39.80 37.50
16.80 12.50 14.10 130.00 25.1¢ 73.70 21.90 15.30 44.00 32.70
0.34 0.08 0.15 0.13 0.14 0.36 0.19 0.13 0.40
10.30 14.00 15.10 4.82 12.40 4.74 10.60 10.80 8.87 11.70
0.18 0.12 0.17 0.08 0.16 0.10 0.11
36.70 48.20 50.20 77.90 56.60 80.10 45.70 39.90 57.70 73.50



[

TABLE 1-7 SUMMARY OF ANALYTICAL RESULTS FROM SURFICIAL SOIL SAMPLES COLLECTED BY EPA TAT AT MARSH RUN FIELD ON 22, 23 JUNE 1988
[all values in mg/kg (ppm)]
Detection mg/kg (ppm)

Compound Limit S1 52 53 S4 55 S6 s7 S8 S9 510 s11 551 552 S61 S62
1,2-Dichlorocethene 0.5 9.4
Trichloroethene 0.5 0.66 2.6
Tetrachloroethene 0.5 2.6
Toluene 0.5 0.20
Xylenes, total 0.5 0.13
2-Methylnaphthalene 0.33 0.22
Naphthalene 0.33 0.40
Acenaphthene 0.33 0.92
Phenanthrene 0.33 1.9
Fluoranthene 0.33 7.3 0.36 1.1
Pyrene 0.33 6.6 0.32 0.79
Chrysene 0.33 4.6
Benzo(b)fluoranthene 0.33 8.3
Benzo(k)fluoranthene 0.33 7.3
{1,2-B] Pyridine 5H-Indeno 0.33 0.72
Beryllium 2.5
Cadmium 0.5 5.5 4.6 5.6 3.6 3.8 3.09 5.05 1.02 3.6 5.7 3.6 5.1 7.7 5.05 3.6
Chromium 1.0 3.5 4.1 33 3.06 1.5 5.7 7.6 2.6 5.7 7.4 8.7 9.7 49 5.05 5.7
Copper 1.0 17 15 797 11 6.6 5.15 29 1.5 8.8 16 12 98 185 11 8.8
Nickel 2.0 12 8.8 13 8.2 4.0 2.0 12 4.08 7.2 9.6 12 12 14 6.6 7.2
Lead 1.0 36 48 1,080 32 175 38 44 28 35 66 55 68 1,020 68 35
Zinc 0.5 49 48 1,510 35 116 29 55 19 32 46 75 209 399 28 32
Arsenic 0.5 1.5 0.67 2.4 0.83 1.3 0.70 1.3 0.58 1.0 1.5 0.57 1.2 2.6 0.56 0.95
Silver 0.5 5.6 1.5
Antimony 10.0
Selenium 0.5 2.3 0.81 3.8 0.60 1.4 0.95 1.2 0.63 2.4 1.9 o0.81 1.5 1.9 1.7 1.5
Thallium 5.0 12 13 16 17 11 9.6
Mercury 0.05 0.05 0.07 32 0.05 0.07 0.09 0.09 Q.06
Cyanide 0.35 1.75 0.45 1.0

Source: U.S.

EPA 1988
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2. STUDY AREA INVESTIGATION
2.1 FIELD INVESTIGATION ACTIVITIES

The Remedial Investigation (RI) of the New Cumberland Army Depot’s
former landfill, Marsh Run Field, employed a variety of field investi-
gative technlques in the performance of the site investigation. These
techniques included geophysical surveying, monltorlng well installation,
monitoring well sampling, well point installation, in situ hydraulic
conductivity analysis by slug test method, household supply well
sampling, and surface water and sediment sampllng

The site investigation was conducted in two phases. The first phase was
initiated by the geophysical investigation and followed by subsequent
installation of five new monitoring wells to supplement the existing
three site wells installed during a 1987 Confirmation Study. In addi-
tion, stream surface water/sediment samples, and monitoring well soil and
ground-vater samples were collected and analyzed. The first phase was
conducted between October 1988 and February 1989. Pursuant to the exami-
nation of the preliminary chemical analysis of ground water at the site
and a review of previous investigations, a second phase of monitoring
well installation and environmental sampling was conducted between July
and August 1989.

The second phase of the site investigation consisted of the installation
of an additional five perimeter monitoring wells and three well points
installed within the landfill waste material. A second sampling event
included these new monitoring wells, two of the three well points, four
selected household supply wells adjacent to the site, the first phase
monitoring wells, and three existing Confirmation Study wells. One addi-
tional sediment/surface water sample was collected further upstream of
the site in Marsh Run Creek.

Prior to the performance of the RI, minimal data existed for the Marsh
Run site. EA’s planned approach was to assess and build upon the avail-
able database. A description of the various field techniques employed
and the rationale for their use are discussed in this Chapter. Figure
2-1 (site sampling plan) depicts the sampling locations across the site.

2.1.1 Geophysical Survey

As part of the Marsh Run RI, a geophysical investigation was performed in
October 1988. The primary objectives of the geophysical survey were to:

1. Assess the electromagnetic conductivity of the fill for
purposes of waste characterization, relative depth deter-
minations, and areal extent of fill.

2. Identify conductivity anomalies situated along the site
perimeter that could be associated with potential inor-
ganic (i.e., metals, salts) contamination in the shallow
ground water.
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3. Contrast fill thickness and electrical properties with
those of local in situ geologic materials.

In an effort to meet the above-stated objectives, electromagnetic terrain
conductivity (EM) survey was employed. The Geonics Ltd. EM-34-3L Terrain
Conductivity instrument was chosen for the EM survey because of its rela-
tive ease of operation as well as its suitability for anticipated depths
of penetration needed for shallow-depth (i.e., <50 ft) aquifer analysis.

The electromagnetic survey measures the apparent electrical conductivity-
induced magnetic field of the subsurface materials below the survey line.
The individual secondary magnetic field of the subsurface material is
measured along with the primary magnetic field produced by the instrument
itself. When traversing relatively open terrain with few cultural inter-
ferences (e.g., utilities, power lines, and buildings) or interference
from open terrain over landfills and disturbed earth, high electromagnet-
ic conductivity anomalies are typically associated with one of the fol-
lowving scenarios: (1) concentrations of ionic constituents (i.e., metals
or salts) above ambient levels in ground water, (2) an assemblage of
metals or metal-rich material (i.e., drums, metal debris, ash, etc.),

(3) increased clay content or water content from increased porosity,
and/or (4) increased thickness of any of the above.

The geophysical survey and all subsequent RI investigations were refer-
enced to a 100 x 100 ft grid established onsite. The grid was oriented
parallel and perpendicular to Monument 1 and Monument 2, which were pre-
viously established by Woodward-Clyde Consultants during the Confirmation
Study. The Marsh Run Field site was traversed along northeast-southwest
traverse lines which were spaced parallel to each other at 50-ft inter-
vals. Two readings were obtained at each station. Each station was
located 33 ft apart along each traverse line. Readings were obtained
with coil separation running parallel to the traverse lines. The survey
was conducted over the fill utilizing a 10-m intercoil spacing in both
the horizontal and vertical dipole modes yielding effective depths of
penetration of 7.5 m and 15 m, respectively. Where possible, the survey
was conducted offsite, in particular to the north where the fill/no-fill
boundary was indefinite, and to the south and southwest onto the base in
the vicinity of Marsh Run Creek. Figure 2-2 shows the site grid and
orientation of geophysical traverse lines.

Pursuant to the field survey, the data were reduced in the form of
lateral profiles, contour maps, and three-dimensional net graphs.

2.1.2 Geologic Investigation

The local geology in the vicinity of the site was characterized by soil
samples and rock cores obtained from monitoring well borings conducted
during the RI. Monitoring well boring logs are provided in Appendix A.

Rock coring was performed with a 10-ft-long NX wire-line double, split-
barrel coring device. Core runs were continuously obtained at 10-ft
intervals. Upon retrieval, each core was logged and placed in a secure
container.

2-2







In addition to collected rock cores, subsurface fractures in the bedrock
wvere identified by the relative increases in drilling rates, and by the
observation of additional formation water discharging from the boring
during air rotary drilling.

In situ soils were characterized by the shallow portion (i.e., overburden
drilling) of the monitoring well borings. Samples were collected with a
2-in. OD, 1.37-in. ID, split-spoon sampler.

2.1.3 Ground-Vater Investigation

The history of site activities has given rise to concern for contamina-
tion of ground water within the unconsolidated zone (overburden) and the
bedrock aquifer beneath the site. The ground-water monitoring program
wvas designed to assess whether and to what degree toxic or hazardous
materials have contaminated the ground water as a result of past facility
operation. The monitoring well installation consisted of a two-phase
approach (Phase I and Phase II).

2.1.3.1 Monitoring Well Installation

The first phase of monitoring well installation was conducted between

11 and 20 January 1989. A total of five monitoring wells (MW-1, MW-4,
MW-4A, MW-5, and MW-5A) were installed onsite as depicted in the site
plan (Figure 2-1). Two overburden (shallow) wells, MW-4A and MW-3A, were
installed to a depth of 15 ft. These two new wells were installed to
compliment the three existing shallow site monitoring wells (MW-1A,
MW-2A, and MW-3A), and to define the water-table surface and assess the
ground-water quality of the shallow unconsolidated overburden. Addition-
ally, three deep bedrock wells (MW-1, MW-4, and MW-5) were installed as
cluster companions of three shallow wells (MW-1A, MW-4A, and MW-5A) to
assess the vertical hydraulic gradient between the saturated overburden
and bedrock aquifer, to determine the potentiometric configuration of

the bedrock aquifer at a nominal depth of 50 ft, and to provide samples
for assessment of ground-water chemical quality of the bedrock aquifer-
derived ground water. Phase I monitoring well placement was based on the
assumption that bedrock aquifer flow patterns were from south to north
following the regional topography toward the Susquehanna River. Shallow
overburden ground-water flow patterns were less predictable and were
anticipated to be radial or semiradial (as indicated by the Woodward-
Clyde Confirmation Study) and controlled somewhat by Marsh Run Creek

and the Susquehanna River.

In light of the preliminary assessment of Phase I geologic and ground-
water chemical data, a second phase of monitoring well installation pro-
ceeded in July 1989. The suspected flow patterns used to justify the
Phase I monitoring wells were somewhat confirmed by the Phase I monitor-
ing well data. Further refinement of the site hydrogeologic scenario was
to be accomplished by the Phase II well placement. Five additional moni-
toring wells were installed. Bedrock wells MW-2, MW-6, and MW-7 were
installed at a 50-ft depth each. Overburden wells MW-6A and MW-7A vere

2-3




installed as cluster companions of MW-6 and MW-7, respectively. These
additional wells were located as a result of the Phase I preliminary con-
ceptualization of local ground-water flow patterns to best supplement the
existing data.

Other contributing factors to the Phase II well placement were the sus-
pected influence from potential offsite sources on the chemical charac-
teristics of the ground water beneath the site. The impact of these
potential sources (discussed in Section 1.2.3, Previous Investigations)
to the site environs were addressed by the additional upgradient bedrock
wells MW-1 and MW-6. Overburden monitoring well MW-7A was placed to
intercept shallow ground water prior to its discharging into Marsh Run
Creek. MV-6A was placed to assess shallow ground water at the closest
identified potential offsite source (Fire Fighting Training Area,

Site 5).

Additionally, three well points (WP-1, WP-2, and WP-3) were placed in

the landfill waste material; locations are shown in Figure 2-1. The
purpose of the well points was twofold. First, the mounding configura-
tion of shallov ground water within the fill confines was to be refined;
and second, the shallow ground-water quality of water directly beneath
and in contact with the fill material could be analyzed. With these ob-
jectives in mind, all three well points were located in the waste materi-
al; specifically, WP-1 and WP-3 were situated within high geophysical
anomalies. Only WP-1 and WP-3 were sampled. WP-2 was. strictly used

as a water-level data point.

A total of four overburden monitoring wells were installed during Phase I
and Phase II drilling activities. The overburden monitoring well con-
struction and monitoring well-boring soil sampling protocols were as
follows:

1. The boring was a minimum of 8 in. in diameter to permit
at least 2 in. of annular space between the boring wall
and all sides of the centered riser and screen. Uncon-
solidated overburden was sampled continuously to 10 ft,
and at 5 ft thereafter with split-spoon sampler. Samples
of the overburden were collected for chemical and physi-
cal analysis in the following manner.

From each shallow well, three soil samples were collected
for chemical analysis. A discrete sample vas taken of
the cover fill material (i.e., 0-2 ft). A second dis-
crete sample was collected from the landfill or other
fi1l material. In the cases of MW-5A, MV-6A, and MVW-7A,
which were outside the landfill’s boundary, no landfill
material was encountered; however, some road fill was
encountered and collected as a fill sample. In the land-
fill proper, the MW-4A boring penetrated only 4 ft of
relatively inert fill (i.e., clay and gravel). Conse-
quently, at this location a discrete sample was collected
of the fill material, and a third discrete sample of the
natural in situ residual material below the landfill or
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other fill was collected in all overburden monitoring
well borings. Samples were screened for volatiles with
an Hnu-PID. In addition, at least one sample was col-
lected and analyzed from each Phase I monitoring well for
physical characteristics. Table 2-1 summarizes the sam-
pling scheme and analytical parameters for the shallow
overburden monitoring well soil samples collected during
Phase I and Phase II.

The well riser was constructed of new, threaded, 2-in.
inside diameter, Schedule 40, flush joint, polyvinyl
chloride (PVC) pipe.

The well screen was 10 ft in length and was constructed
of the same size and strength PVC material as the well
riser. The screen consisted of noncontaminating No. 10
slot (0.010 in.), factory constructed. The screen was
positioned in the borehole on top of the bedrock-over-
burden interface so that any nonaqueous phase that might
occur on top of the water table would be intercepted.

Filter-pack material was placed around and 2 ft above the
screened portion of each well. Filter pack was composed
of clean, washed, bagged, No. 2, graded fine, silica sand
(40 mesh).

A 2-ft seal, consisting of tamped bentonite pellets,

was placed into the annular space between the riser

and boring wall immediately above the filter pack. The
placed pellets were hydrated with aquifer water obtained
from the borehole prior to grouting. Cement grout was
placed from the top of the bentonite seal to the ground
surface. The cement grout consisted of a mixture of
portland cement (ASTM C 150) and water in the proportion
of not more than 7 gal of clean water per bag of cement
(1 ft3 or 94 1b). Additionally, 3 percent of bentonite
powder by weight was added.

Coordinates and elevations were established for each
monitoring well. The horizontal coordinates were to

the closest 0.1 ft and referenced to Monument 1 or Monu-
ment 2, which were established in the final Confirmation
Study, and to the Pennsylvania State Planar Coordinate
System. A ground elevation to the closest 0.01 ft and
an elevation for the top of the casing to the closest
0.01 ft were surveyed at each well. These elevations
were referenced to the National Geodetic Vertical

Datum of 1929.

A 6-in. outer, protective steel casing was installed a
minimum of 3 ft below the surface and 2.5 ft above the
surface. It was surrounded by a 3 x 3 ft, 4-in.-thick
concrete pad with three protective posts embedded in it.
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TABLE 2-1

EXTENDED

Sample Designation

Analytical Parameters

CHEMICAL ANALYSIS

(duplicate)
Rinsate Blank 2
Trip Blank 2

U W =

5 {duplicate)
Rinsate Blank 1
Trip Blank 1

PHYSICAL ANALYSIS

Vaolatiles,
Volatiles,
Volatiles,
Volatiles,
Volatiles,

Valatiles,
Volatiles,
Volatiles,

Volatiles,
Volatiles,
Volatiles,
Volatiles,
Volatiles,
Volatiles,
Volatiles,
Volatiles

Volatiles,
Volatiles,
Volatiles,
Volatiles,
Volatiles,

Volatiles,
VYolatiles,
Volatiles,
Volatiles,
Volatiles,
Volatiles

Atterberg
Atterberg
Atterberg
Atterberg
Atterberg
Atterberg
Atterberg

semivolatiles,
semivolatiles,
semivolatiles,
semivolatiles,
semivolatiles,

semivolatiles,
semivolatiles,
semivolatiles,

semivolatiles,
semivolatiles,
semivolatiles,
semivolatiles,
semivolatiles,
semivelatiles,
semivolatiles,

semivolatiles,
semivolatiles,
semivolatiles,
semivolatiles,
semivolatiles,

semivolatiles,
semivolatiles,
semivolatiles,
semivolatiles,
semivolatiles,

pest/PCB,

pest/PCB,
pest/PCB,
pest/PCB,
pest/PCB,

pest/PCB,
pest/PCB,
pest/PCB,

pest/PCB,
pest/PCB,
pest/PCB,
pest/PCB,
pest/PCB,
pest/PCB,
pest/PCB,

pest/PCB,
pest/PCB,
pest/PCB,
pest/PCB,
pest/PCB,

pest/PCB,
pest/PCB,
pest/PCB,
pest/PCB,
pest/PCB,

cyanide,
cyanide,
cyanide,
cyanide,
cyanide,

cyanide,
cyanide,
cyanide,

cyanide,
cyanide,
cyanide,
cyanide,
cyanide,
cyanide,

total
total
total
total
total

total
total
total

total
total
total
total
total
total

TPH, total metals

cyanide,
cyanide,
cyanide,
cyanide,
cyanide,

cyanide,
cyanide,
cyanide,
cyanide,

total
total
total
total
total

total
total
total
total

TPH, total metals

moisture, grain size
moisture, grain size
moisture, grain size
moisture, grain size
moisture, grain size
moisture, grain size
moisture, grain size

metals
metals
metals
metals
metals

metals
metals
metals

metals
metals
metals
metals
metals
metals

metals
metals
metals
metals
metals

metals
metals
metals
metals
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TABLE 2-1 (Cont.)

Phase 2 Installation

Overburden

Laboratory Accession Interval Shallow/Bedrock Corps Date

Sample Designation Number (ft) Well Field sSplit Matrix Collected
MW-2, S-1 3158 0-2.0 Bedrock Cover fill 19 JUL 89
MW-2, S-1 (duplicate) 3159 0-2.0 Bedrock Cover fill 19 JuL 89
MW-2, S-2 3160 2.0-4.0 Bedrock Fill 19 JuL 89
MW-2, S-3 3161 4.0-6.0 Bedrock Fill 19 Jun 89
MW-2, S-4 3162 6.0-8.0 Bedrock Field split In situ soil 19 JUL 89
MW~2, 5-5 3163 8.0-10.0 Bedrock Tn situ soil 19 JUL 89
Trip Blank 7 3164 NA NA Water 19 JUL 89
MW-6A, S5-1 3222 g-2.0 Overburden Fill 20 JUL 89
MW-6A, S-3 3223 4.0~6.0 Overburden In situ soil 20 JuL 89
MW-6A, 5-4 3224 6.0~8.0 Overburden iﬁ situ soil 20 JuL 89
MW-6, S-1 3225 0.-2.0 Bedrock Fill 21 JUL 89
MW—-6, S-2 3226 2.0-4.0 Bedrock In situ soil 21 JUL 89
MW-6, S-3 3227 4.0-6.0 Bedrock In situ soil 21 JUL 89
MW-6, 5-4 3228 6.0-8.0 Bedrock In situ soil 21 JUL 89
Trip Blank 8 3229 NA NA Water 21 JUL 89
MW-~-7a, 5-1 3219 0-2.0 OQverburden ’ 20 JUL &9
MW-7A, S~3 3220 4.0-6.0 Overburden 20 JUL 89
MW-T7A, S-~4 3221 6.0-8.0 Overburden 20 JUL 89
Mw-7, s-1 3253 0.2.0 Bedrock Fill 25 JUL 89
Mw-7, s5-2 3254 2.0-4.0 Bedrock In situ soil 25 JuL 89
MW-7, S-3 3255 4.0-6.0 Bedrock In situ soil 25 JUL 89
MW-T7, S-2 (duplicate) 3256 2.0-4.0 Bedrock zﬁ situ soil 25 JuL 89
MWw-7, s-4 3257 6.0-8.0 Bedrock In situ soil 25 JuL 89
MW-7, S-5 3258 8.0-10.0 Bedrock Tn situ saprolite 25 JUL 89
Trip Blank 9 3259 NA NA Water 25 JUL 89



TABLE 2-1 {Cont.) EXTENDED

Noaess

Sample Designation Analytical Parameters

Mw-2, S5-1 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
MW-2, S5-1 (duplicate) Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
MW-2, S5-2 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
MW-2, S-3 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
MWw-2, S-4 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
MwWw-2, S-5 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
Trip Blank 7 Volatiles

Mw-6aA, S-1 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
MW-6A, 5-3 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
MW—6A, S-4 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
MW-6, S-1 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
MW-6, 5-2 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
Mw-6, S-3 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
Mw-6, 5-4 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
Trip Blank 8 Volatiles

MW-7A, S- Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals

S-1
MW~TA, S-3 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
5-4 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals

5-1 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
5-2 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
5-3 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals

MWw~7, S-2 (duplicate} Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
5-4 VYolatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
5-5 Volatiles, semivolatiles, pest/PCB, cyanide, TPH, total metals
lank 9 Volatiles



8. A permanent marking, which clearly identified the
vell number, the U.S. Army Corps of Engineers, Omaha
District, and the adjusted top of inner PVC casing
elevation, was affixed to the outer casing of each
vell. The shallow monitoring well-borings construction
diagrams are provided in Appendix B. Additionally, the
well construction diagrams of existing site monitoring
wells MW-1A, MW-2A, and MV-3A are also provided in
Appendix B.

Six bedrock monitoring wells were installed during Phase I and Phase II.
MW-1, MW-2, MW-4, MW-5, MW-6, and MWV-7 were installed as cluster compan-
ions to the corresponding shallow overburden monitoring wells MW-1A,
MW-2A, MV-4A, MV-5A, MV-6A, and MW-7A. Bedrock well construction and
monitoring well boring soil sampling protocols are as follows:

1. Hollow-stem auger drilling and split-spoon sampling
through overburden to bedrock was continuous to 10 ft and
at 5-ft intervals thereafter. Five soil samples were
collected from each bedrock monitoring well for chemical
analysis. A discrete sample was taken of the cover fill
(i.e., 0-2 ft). As discussed previously for the shallow
wells soil sampling protocol, very little fill (i.e.,
2-4 ft of soil and gravel) or no fill was encountered
during the bedrock monitoring well boring; therefore,
discrete samples were taken at each bedrock well boring
over the depth of the boring. In all instances, over-
burden boring and split-spoon samples terminated at a
depth below surface of 15 ft or less. Table 2-1 summa-
rizes the sampling scheme and analytical parameters for
the bedrock well soil samples.

2. Once bedrock was encountered (i.e., auger refusal), the
augers were left in the ground as temporary casings. An
NX wire-line, split-core barrel was then used to core a
minimum of 5 ft into competent rock.

3. Upon retrieval of the core sample, logging of the core,
and confirmation of competent bedrock, the core hole was
reamed to 8 in. by air rotary method. (Compressor was
outfitted with an in-line oil/air separator filter.)

4. The augers were removed and a 6-in., Schedule 5 steel
casing was placed to seal off the overburden, grouted
into place, and allowed to set for a minimum of 16 hours.

5. Coring was continued to 50 ft after outer casing grout
had been allowed to cure.

6. Once the targeted depth of 50 ft was reached, the core
hole was reamed to 50 ft with a 6-in. air rotary bit.

2-6
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10.

11.

12.

13.

(Compressor was outfitted with an in-line oil/air
separator filter.)

The well riser consisted of new, threaded, 2-in.
diameter, Schedule 40, flush-joint PVC pipe.

The well screen was 10 ft in length and was constructed
of the same size and strength PVC material as the well
riser. The screen was noncontaminating No. 10 slot
(0.010 in.), factory constructed. The screened portion
was placed at the bottom of the borehole.

Filter-pack material was placed around and 2 ft above the
screened portion of each well. Filter pack was composed
of clean, washed, and bagged No. 2, graded fine silica
sand.

A 2-ft seal, consisting of tamped bentonite pellets, was
placed into the annular space between the riser and bor-
ing wall immediately above the filter pack. The placed
pellets were hydrated with aquifer water obtained from
the borehole prior to grouting. Cement grout was placed
from the top of the bentonite seal to the ground surface.
The cement grout consisted of a mixture of Portland
cement (ASTM C 150) and water in the proportion of not
more than 7 gal of clean water per bag of cement (1 ft3
or 94 1lbs). Additionally, 3 percent of bentonite powder
by weight was added.

Coordinates and elevations were established for each
monitoring well. The horizontal coordinates vere to

the closest 0.1 ft and referenced to Monument 1 or Monu-
ment 2, which were established in the final Confirmation
Study, and to Pennsylvania State Planar Coordinates. A
ground elevation to the closest 0.01 ft and an elevation
for the top of the casing to the closest 0.01 ft were
surveyed at each well. These elevations were referenced
to the National Geodetic Vertical Datum of 1929.

A 6-in. outer, protective steel casing was installed a
minimum of 2.5 ft above the surface. It was surrounded
by a 3 x 3 £ft, 4-in.-thick concrete pad with three pro-
tective posts embedded in it.

A permanent marking, which clearly identifies the well
number, the U.S. Army Corps of Engineers, Omaha District,
and the adjusted top of casing elevation, was affixed to
each well’s outer casing. Bedrock monitoring well-boring
construction diagrams are provided in Appendix B.
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2.1.3.2 Well Point Installation

Three 2-in. I.D., stainless-steel well points were installed in the land-
fill during the Phase II site activities (WP-1, WP-2, and WP-3). The
screen and riser were constructed of stainless steel. The screen size
openings were factory slotted, 0.01 in. The well points were pushed into
the fill by hydraulic force of the drill rig. Penetration of the well
point was ceased upon well-point refusal. Depth of penetration ranged
from 10 to 12 ft below the surface, presumably into weathered bedrock or
saprolite. A protective outer casing was also pushed 2.5 ft into the
ground and surrounded with a 3 x 3 ft, 4-in.-thick concrete pad with
three protective posts embedded in it. Well point locations are shown

in Figure 2-1,

2.1.3.3 Ground-VWater Sampling of Existing and New Monitoring Wells

During the course of the investigation, one ground-water sampling event
of Phase I monitoring wells occurred on 8 February 1989. A total of
eight monitoring wells were sampled (i.e., five new and three existing
wells). A second sampling event of the existing site monitoring wells
and the monitoring wells installed during Phase I and Phase II occurred
on 16 and 17 August 1989.

Upon arrival at each well, the condition of the well and surrounding area
was noted. This inspection included security (well locked), evidence of
tampering, evidence of physical damage, well integrity, and evidence of
breakage or heaving of concrete pad.

After the physical inspection was completed, static water levels were
determined. Water level relative to the surveyed reference was deter-
mined in all wells to be sampled prior to initiation of any purging and
sampling activities. All water-level determinations were made to the
nearest 0.01 ft. Measurements were referenced to the previously surveyed
reference point. An electronic sounder was used to determine water
levels. Penetration of water is indicated by activation of a light or
meter. No nonaquecus phase liquid (NAPL) was encountered.

To ensure that cross-contamination via water-level sounding equipment
did not occur, sounding equipment was decontaminated between each well.
Decontamination was accomplished by wiping the sounding device with a
paper towel saturated with methanol as retrieved. Probes were methanol-
rinsed and fully immersed in clean water between soundings.

Prior to sample acquisition, the monitoring wells were purged in order
to ensure that the sample collected was as representative as possible of
the aquifer water. Purging was accomplished by bailing with a dedicated
Teflon bailer. The volume purged (four static casing volumes) was mea-
sured by filling a 5-gal bucket. Upon completion of purging, all purge
vater was containerized in 55-gal drums for temporary storage. In the
event a well dewatered prior to evacuation of the required volume, the
well was allowed 15 minutes to recover and purging was reinitiated. If
the well dewatered a second time, the volume purged was recorded.




Ground-vater sampling was accomplished with dedicated bottom-filling
Teflon bailers. All bailers were laboratory cleaned prior to use. A
clean piece of line was attached to the bailer and the bailer was lowered
into the well until it filled and was then retrieved. The water was dis-
carded. This process was repeated two times. The first sample aliquot
was used to fill the volatile organics parameter bottles. Samples for
volatile organics were collected in a manner that would minimize aeration
and the containers were kept free of bubbles and headspace. The bailer
was then filled and the sample transferred to the pre-preserved sample
containers. Containers that contained preservative were not filled to
overflowing and were mixed after filling. After the containers were
filled, they were labeled, security sealed, an entry was made on the
chain-of-custody form, and they were placed in a cooler on ice. When

a field split or duplicate was taken, similar aliquots for each sample
were alternately filled. Table 2-2 summarizes the sampling scheme for
ground-vater samples collected during February and August. Wells were
sampled so that the suspected least contaminated were sampled first and
the suspected most contaminated last.

Temperature, pH, dissolved oxygen, and specific conductance were deter-
mined in the field. These determinations were made using a pH meter and
a YSI salinity-conductivity-temperature meter. All instrumentation was
calibrated prior to transport to the field and standardized in the field
prior to each use using a two-buffer technique. Tables 2-3 and 2-4 sum-
marize the purging, sampling, and physical parameter determinations for
the ground-water samples collected during February and August, respec-
tively. During the second round of ground-water sampling, samples were
analyzed for total (nonfiltered) and dissolved (filtered) trace metals.
Dissolved trace metal aliquots were vacuum filtered in the field using
0.45-uym membrane filters prior to preservation. Monitoring well samples
collected during the first round were not analyzed for dissolved trace
metals.

2.1.3.4 Vell Point Sampling

During the second round of ground-water sampling on 16 and 17 August
1989, two well points (WP-1 and WP-3) were purged, sampled, and analyzed
in the same manner as the monitoring wells. The well points were sampled
for purposes of evaluating the shallow ground-water quality immediately
below and in direct contact with landfill waste materials. The sampling
scheme is summarized in Table 2-4.

2.1.4 Surface Vater Sampling

During the Phase I field activities, two upgradient surface water samples
(SWS-1 and SWS-2) and two downgradient surface water samples (SWS-3 and
SWS-4) were collected from the adjacent Marsh Run Creek and marsh land.
One upgradient sample (SWS-1) was collected upgradient of NCAD and the
other (SWS-2) was collected upgradient of the Marsh Run Field landfill.
The downgradient samples consisted of one sample adjacent to the Marsh
Run Field landfill in Marsh Run Creek (SWS-3) and the other downgradient
sample taken in the adjacent marsh land east of the site (SWS-4).

2-9




TABLE 2-2 SUMMARY OF GROUND-WATER SAMPLING SCHEME FOR SAMPLES COLLECTED 8 FEBRUARY (Phase I) AND 16,17 AUGUST (Phase II) 1989

Phase 1 Sampling

Laboratory Date
Accession Corps Collected
Sample Designation Number Field Split Matrix (M/D/Y) Analytical Parameters
MW-1 0459 Field split Water 2/8/89 Volatiles, semivolatiles, pest/PCB, total metals, TPH, nitrate/
nitrite, nitrogen, phosphorous, 504, Cl, F, Tbs, alkalinity
MwW-1A 0460 Water 2/8/89 Volatiles, semivolatiles, pest/PCB, total metals, TPH, nitrate/
nitrite, nitrogen, phosphorous, 504, cl, F, TDS, alkalinity
MW-2A 0463 Water 2/8,89 Volatiles, semivolatiles, pest/PCB, total metals, TPH, nitrate/
nitrite, nitrogen, phosphorous, 504, cl, F, Tbs, alkalinity
MW-2A (duplicate 1) 0461 Water 2/8/89 Volatiles, semivolatiles, pest/PCB, total metals, TPH, nitrate/
nitrite, nitrogen, phosphorous, 504, cl, F, TDS, alkalinity
MW-3a 0462 Field split Water 2/8/89 Volatiles, semivolatiles, pest/PCB, total metals, TPH, nitrate/
nitrite, nitrogen, phosphorous, 504, cl, F, TbS, alkalinity
MW-4 0464 Water 2/8/89 nitrite, nitrogen, phosphorous, $0,, Cl, F, TDS, alkalinity
. nitrite, nitrogen, phosphorous, SO4, cl, F, TDS, alkalinity
Mw-4 (duplicate 2) 0465 Water 2/8/89 Volatiles, semivolatiles, pest/PCB, total metals, TPH, nitrate/
nitrite, nitrogen, phosphorous, 504, cl, F, TDS, alkalinity
MW~-42A 0466 Water 2/8/89 Volatiles, semivolatiles, pest/PCB, total metals, TPH, nitrate/
nitrite, nitrogen, phosphorous, 504, Cl, F, TDS, alkalinity
MW-5 0477 Water 2/8,/89 Volatiles, semivolatiles, pest/PCB, total metals, TPH, nitrate/
nitrite, nitrogen, phosphorous, SO4, Cl, F, TDS, alkalinity
MW-5a 0478 Water 2/8/89 Volatiles, semivolatiles, pest/PCB, total metals, TPH, nitrate/
nitrite, nitrogen, phosphorous, 504, cl, F, TDs, alkalinity
Rinsate Blank 6 0457 Water 2/8/89 Volatiles, semivolatiles, pest/PCB, total metals, TPH, nitrate/
nitrite, nitrogen, phosphorous, 504, Ccl, F, TDS, alkalinity
Trip Blank 6 0458 Water 2/8/89 Volatiles



TABLE 2-2

(Cont.)

e

Phase 2 Sampling

Laboratory Date
Accession Corps Collected
Sample Designation Number Field Split Matrix (M/D/Y) Analvtical Parameters

MW-1 3743 Field split Wwater 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals, dissolved
metals, TPH, nitrate/nitrite, phosphorous, 504, cl, F, TDS,
alkalinity

MW~-1A 3706 Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals, dissolved
metals, TPH, nitrate/nitrite, phosphorous, SO4, cl, F, TDS,
alkalinity

MW-2 3740 Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals, dissolved
metals, TPH, nitrate/nitrite, phosphorous, 504, clL, F, TDS,
alkalinity

MW-2 (duplicate) 3741 Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals, dissolved
metals, TPH, nitrate/nitrite, phosphorous, soq, ci, F, TDS,
alkalinity

MW-2A 3738 Water 8/16,89 Volatiles, semivolatiles, pest/PCB, total metals, dissolved
metals, TPH, nitrate/nitrite, phosphorous, 504, cl, F, Tbs,
alkalinity

MwW-3A 3745 Water 8/17,/89 Volatiles, semivolatiles, pest/PCB, total metals, dissolved
metals, TPH, nitrate/nitrite, phosphorous, 504, cl, F, TDS,
alkalinity

MW-4 3705 Field split Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals, dissolved
metals, TPH, nitrate/nitrite, phosphorous, SO4, ci, F, TDsS,
alkalinity

MW-4A 3739 Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals, dissolved
metals, TPH, nitrate/nitrite, phosphorous, SO4, cl, F, TDS,
alkalinity

MW-5 3700 Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals, dissolved
metals, TPH, nitrate/nitrite, phosphorous, 504, cl, F, TDS,
alkalinity

MW-~5A 3704 Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals, dissolved
metals, TPH, nitrate/nitrite, phosphorous, 504, cl, F, TDS,
alkalinity

MW-~6 3703 Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals, dissolved

metals, TPH,
alkalinity

nitrate/nitrite, phosphorous, 504, c¢l, F, TDS,



TABLE 2-~2 (Cont.)

Phase 2 Sampling (Cont.)
Laboratory Date
Accession Corps Collected
Sample Designation Number Field Split Matrix (M/D/Y) Analytical Parameters

MW-6 {duplicate) 3699 Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals,
metals, TPH, nitrate/nitrite, phosphorous, SO4, cl,
alkalinity

MW-6A 3762 Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals,
metals, TPH, nitrate/nitrite, phosphorous, 504, cl,
alkalinity

MW-7 3701 Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals,
metals, TPH, nitrate/mnitrite, phosphorous, 504, cl,
alkalinity

MW-T7A 3742 Water 8/16/89 Volatiles, semivolatiles, pest/PCB, total metals,
metals, TPH, nitrate/nitrite, phosphorous, 504, cl,
alkalinity

WP—1 3746 Water 8,17/89 Volatiles, semivolatiles, pest/PCB, total metals,
metals, TPH, nitrate/nitrite, phosphorous, 504, cl,
alkalinity

WP-3 3747 Water 8/17/89 Volatiles, semivolatiles, pest/PCB, total metals,
metals, TPH, nitrate/nitrite, phosphorous, SO4, cl,
alkalinity

Field Blank 3744 Water 8,/17/89 Volatiles, semivolatiles, pest/PCB, total metals,
metals, TPH, nitrate/nitrite, phosphorous, 804, cl,
alkalinity

Trip Blank 3717 Water 8/16/89 Volatiles
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TABLE 2-3 RECORD OF PURGING AND SAMPLING OF SITE MONITORING WELLS AT NEW CUMBERLAND ARMY DEPOT'S FORMER LANDFILL, MARSH RUN
FIELD, 8 FEBRUARY 1989

Well No.
MW-1 MW-~1A MW-2A MW-32A MW-4 MW~-4A MW-5 MW-5A
Well depth (ft)'?) 52.2 17.88 15.44 16.88 52.0 17.27 52.2 17.37
Reference elevation 306.58 306.02 302.50 303.42 305.85 305.04 302.75 304.31
(£t MSL)
Well diameter (ft) 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.1l6
Depth to water (ft)(a) 12.32 16.9¢ 6.61 7.95 14.66 10.81 7.68 7.30
date/time 2-8-89,0817 2-8-89,/0821 2-8-89,0858 2-8-89,0904 2-8-89,0832 2-8-89,/0835 2-8-89,/0952 2-8-89,/0949
Water level elevation 294.26 295.12 295.89 295,47 291.19 294.23 295.07 297.01
(£t MsL)
Casing volume {gal) 6.4 1.1 1.4 1.4 6.0 1.0 7.1 1.6
Purge volume (gal) 25.0 5.0 5.5 5.5 25.0 5.0 17.0'P) 3.8®)
Purge method Teflon Teflon Teflon Teflon Teflon Teflon Teflon Teflon
Bailer Bailer Bailer Bailer Bailer Bailer Bailer Bailer
sampling——-date/time 2-§-89,/1020 2-8-89,/1015 2-8-89,/1115 2-8-89,/1110 2-8-89,/1240 2-8-89,/1230 2-8-89,/1524 2-8-89/1546
Sampling method Teflon Teflon Teflon Teflon Teflon Teflon Teflon Teflon
Bailer Bailer Bailer Bailer Bailer Bailer Bailer Bailer
Specific conductance 280 290 780 800 420 1890 710 590
(umhos/cm)
Dissolved oxygen (mg/L) 6.2 7.5 5.8 3.9 4.8 7.9 4.9 5.2
Temperature (C) 9.8 12.2 9.7 8.5 10.4 10.2 9.5 7.2
pH (units) 7.35 6.5 6.65 6.7 6.3 6.25 6.75 6.15

(a) Depth referenced to top of PVC casing.
{b) Denotes well was purged dry twice.
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TABLE 2~4 RECORD OF PURGING AND SAMPLING OF SITE MONITORING WELLS AT NEW CUMBERLAND ARMY DEPOT’S FORMER LANDFILL, MARSH RUN FIELD,

14 1" ATIAfIEM 1Q80Q 4

10, 47 AVIUDI L 4L IT07

Well No.
MW-1 MW-1A MW-2 MW-2A MW-3A MW~4 MW-4A MW-5
Well depth (ft)(a) 52.2 17.88 51.54 15.44 16.88 52.0 17.27 52.2
Reference Elevation
(£t MsSL) 306.58 306.02 301.70 302.50 303.42 305.85 305.04 302.75

Well diameter (ft) 0.16 0.16 0.16 01.6 0.16 0.16 0.16 0.16
Depth to water (ft)‘a) 11.55 10.65 6.70 6.35 6.25 11.80 9.50 6.90

date/time 8-16-89,/0750

Water level elevation

(£t MsL) 285.03
Casing volume (gal) 6.5
Purge volume (gal) 26
Purge method Teflon

bailer
Sampling-—-date/time
Sampling method Teflon
bailer
specific Conductance

{(ymhos/cm) 385
Dissolved oxygem (mg/L) 5.9
Temperature (C) 12.1
pH (units) 7.1

(a)

(b) Denotes well was purged dry twice.

8-16-89,/0754

295.37
1.2
5

Teflon
bailer

Teflon
bailer
275
7.1
13.0

5.7

Depth referenced to top of PVC casing.

8-16-89,/0810

295.00
7.2
29

Teflon
bailer

Teflon
bailer
380
6.3

11.9

8-16-89,/0813

296.15
1.5
6

Teflon
bailer

Teflon
bailer
850
5.8

12.7

8-16-89,0818

297.17
1.7
7

Teflon
bailer

Teflon
bailer

1,100

8-16-89,/0758

294.05
6.4
26

Teflon
bailer

Teflon
bailer

422

8-16-89,0800

295.54
1.2
5

Teflon
bailer

Teflon
bailer
195
6.1

11.9

8-16-89,/0900

295.85
7.3
18(b)

Teflon
bailer

Teflon
bailer
970
4.7

12
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TABLE 2-4 EXTENDED
Wwell No.
MW-~-5A MW-6 MW-6A MW-7 Mw-7A WP-1 WP-2 WP-3

Well depth (ft)(a) 17.37 51.95 17.0 52.12 17.08 13.83 12.24 12.09
Reference Elevation

(ft MsSL) 304.31 301.11 303.34 302.02 301.92 304.53 304.71 304.34
Well diameter (ft) 0.16 6.16 0.16 0.16 0.16 0.16 G6.16 0.16
Depth to water (ft)(a) 6.55 8.30 7.85 6.25 6.40 6.25 6.40 7.90

date/time

Water level elevation
(ft MSL)

Casing volume (gal)
Purge volume (gal)

Purge method

Sampling--date/time

Sampling method

Specific Conductance
(ymhos/cm)

Dissolved oxygen (mg/L)

Temperature (C)

pH (units)

8-16-89/0905 8-16-89,/0920 8-16~89,/0916

297.76
1.7
S(b)

Teflon
bailer

Teflon
bailer

700

6.2

292.81
7.0
28

Teflon
bailer

Teflon
bailer

322

4.1

295.49
1.5
6

Teflon
bailer

Teflon
bailer
2,150
6.9

12.7

8-16~89,/0910 8-16-89,/0835

295.77
7.3
30

Teflon
bailer

Teflon
bailer

850

5.5

295.52
1.7
7

Teflon
bailer

Teflon
bailer
1,500
3.9

13.3

8-16-89,/0830

298.28
1.2
5

Teflon
bailer

Teflon
bailer

1,350

2.2

8~16-89,/0822

298.31
0.9
NA

NA

NA

NA
NA
NA

NA

8-16-89,/0827

296.44
0.7
3.5

Teflon
bailer

Teflon
bailer
1,420
3.5
13.5

6.6



Pursuant to preliminary analysis of the chemical data from surface water
samples collected during the first round, the need for an additional
sampling point on the depot was assessed. Consequently, during Phase II
field activities a surface water sample (SWS-5) was collected further
upgradient of previous samples and upstream of the confluence of
west-east and south-north flowing stream segments. Figure 2-3 depicts
surface water sampling locations. Table 2-5 summarizes the sampling
scheme and analytical parameters.

Surface water samples were collected as subsurface grabs using
laboratory-cleaned devices constructed of material appropriate to the
analysis being performed (e.g., plastic for trace metals and glass for
semivolatiles and volatiles).

2.1.5 Sediment Sampling

Three upgradient (SS-1, SS-2, and SS-5) and two downgradient (SS-3 and
SS-4) sediment samples were collected in the same place as the corre-
sponding surface water samples, along the bank of the stream, at the
water’s edge, or in the marsh. Sediment samples were collected with
dedicated laboratory-cleaned, stainless-steel sampling triers. The
sampling station location rationale was the same as that for the sur-
face water samples. Figure 2-3 depicts the sediment sample locations.
Table 2-5 summarizes the sampling scheme and analytical parameters.

2.1.6 Residential Well Sampling

Four residences near the site were selected for domestic supply

well sampling. The wells selected were situated south and east of the
site. Locations of the residences sampled are depicted in Figure 2-3.
Table 2-6 lists relevant information for each household well sampled.
From a topographic perspective, these wells are apparently upgradient of
the site. They derive ground water from approximately the same depth
interval of the bedrock aquifer, as do the site monitoring wells.

Each well sampled was accessed by the kitchen cold-water tap. None

of the residences sampled were outfitted with a water treatment system.
Prior to obtaining a sample, the tap was allowed to purge for approxi-
mately 15 minutes. Upon completion of the required purging time, sample
aliquots were filled directly from the tap. Temperature, specific
conductivity, and pH measurements were obtained for each sample.

2.1.7 In-Situ Permeabilities

In situ permeabilities of the overburden and bedrock water-bearing strata
were calculated for all of the newly installed wells. Monitoring wells
MW-1, MW-2, MW-4, MW-5, MW-6, and MW-7 were installed in the upper por-
tion of the bedrock aquifer. Monitoring wells MW-4A, MW-5A, MW-6A, and
MW-7A were installed in the unconsolidated overburden. Hydrogeologic
characterization was conducted utilizing a slug injection test developed
by Bouwer and Rice (1978). This procedure is applicable to fully or
partially penetrating wells within a water-table (unconfined) aquifer.

2-10
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TABLE 2-5 SUMMARY OF SAMPLING SCHEME FOR SURFACE WATER AND SEDIMENT SAMPLES
Phase 1 Sampling
Laboratory Date
Accession Corps Sample Collected
Sample Designation Number Field Split Location {M/D/Y) Analvtical Parameters

surface Water Samples

SWs~-1 0247 Upstream 1/19,/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals
(base & site)

SWS~-1 (duplicate 1) 0248 Upstream 1/19/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals

) (base & site)

sSWs-2 0249 Upstreanm 1/19/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals
(site)}

SWS-2 {(duplicate 2) 0250 Upstream 1/19/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals
(site)

SWs-3 0246 Field split Downstream 1/19/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals
(site) )

SWS—-4 0251 Field split Marsh 1/19/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals

Rinsate Blank 5 0244 N/A 1/19/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals

Trip Blank 5 0245 N/A 1/19/89 Volatiles

Sediment Samples

5S-1 0233 Upstream 1,/18/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals
{base & site)

SS-1 (duplicate 1) 0234 Upstream 1,18/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals
{base & site)

S$5-2 0235 Upstream 1/18/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals
(site)

$5-3 0236 Field split Downstream 1/18/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals
(site)

ss—-4 0237 Field split Marsh 1/18/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals

SS—4 (duplicate 2) 0238 Marsh 1/18/89 Volatiles, semivolatiles, cyanide, TPH, pest/PCB, total metals

Rinsate Blank 3 0241 N/A 1/18/89 Volatiles, semivolatiles, TPH, pest/PCB, total metals

Rinsate Blank 4 0242 N/A 1,18/89 Volatiles, semivolatiles, TPH, pest/PCB, total metals

Trip Blank 3 0239 N/A 1/18/89 Volatiles

Trip Blank 4 0240 N/A 1,18/89 Volatiles
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TABLE 2-5 (Cont.)

Phase 2 Sampling

Laboratory Date
Accession Corps Sample Collected
Sample Designation Number Field Split Location (M/D/Y) Analytical Parameters
Surface Water Samples
SWs-~5 3715 Field split Upstream 8/16/89 Volatiles, semivolatiles, TPH, pest/PCB, total metals
(base & site)
SWS~5 (duplicate) 3716 Upstream 8/16/89 Volatiles, semivolatiles, TPH, pest/PCB, total metals
{base & site)
Sediment Samples
$S-5 3165 Field split Upstream 7/19/89 Volatiles, semivolatiles, TPH, pest/PCB, total metals
(base & site)
55~5 {(duplicate) 3166 Upstream 7/19/89 Volatiles, semivolatiles, TPH, pest/PCB, total metals

(base & site)
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TABLE 2-6 OF HOUSEHOLD SUPPLY WELLS AND PHYSICAL PARAMETERS IN VICINITY OF MARSH RUN FIELD

Laboratory Specific

Accession Date Approximate Treatment Pipe pH Conductivity Temperature
Sample Designation Number Collected Well Depth (ft) System Material (units) (uymhos/cm) (C)
354 Marsh Run Rd. 4112 8/31/89 105 none copper 6.1 680 11.5
358 Marsh Run Rd. 4113 8/31/889 45 none copper 6.6 460 12
306 Marsh Run Rd. 4114 8/31/89 28 none copper 5.8 370 12
284 Marsh Run Rd. 4115 8/31/89 60 none copper 6.4 550 11.8
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A synopsis of the slug test method developed by Bouwer and Rice (1978)
follows. An initial static water level of the well was taken. A slug of
vater was quickly injected, at which time an elapsed time count began.
Water levels were recorded by a Hermit 1000-B automated water-level
recorder at the following logarithmic interval:

Cycle Elapsed Time Log Sample Interval
1 0-2 sec 0.2 sec
2 2-20 sec 1 sec
3 20-120 sec 5 sec
4 2-10 min 30 sec
5 10-100 min 2 min
6 100-1,000 min 10 min
7 1E3-1E4 min 100 min
8 1E4 min 500 min

Residual drawdown vs. elapsed time was recorded until the water level in
the well had fallen to not less than 90 percent of the original static
level. The elapsed time vs. residual drawdown data are provided in
Appendix C. Elapsed time vs. residual drawdown was then graphed on
semilog paper.

The hydraulic conductivity (K) was calculated from the equation:

rz In (R/r)) 1 ¥,
K = - 1ln —
2Le t Yt
wvhere
Re = effective radial distance over which the head difference y is
discharged
r, = radial distance between well center and undisturbed aquifer
(rC plus thickness of gravel envelope or developed zone
olitside casing)
Le = height of perforated, screened, encased, or otherwise open
section of well through which ground water enters
Y0 = y at time zero
Yt =y at time t

t = time since Yo

r = radial distance of well casing
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Table 2-7 summarizes the calculated hydraulic conductivities and trans-
missivities of the overburden and upper bedrock saturated zones. Slug
test data results from monitoring wells MW-1A, MW-2A, and MW-3A, which
were installed during the Confirmation Study, are also provided.

Slug test data were
linear ground-water
Comparisons between
conductivities were

used in calculating aquifer transmissivities and
velocity in both the overburden and bedrock aquifers.
overburden, landfill waste, and bedrock hydraulic
used for subsequent contaminant transport and fate

modeling and analysis.
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oo TABLE 2-7 SUMMARY OF AQUIFER HYDRAULIC CONDUCTIVITY DETERMINED FROM
SLUG TEST CONDUCTED ON SITE MONITORING WELLS 9 FEBRUARY AND
17 AUGUST 1989

Hydraulic Hydraulic
Conductivity Conductivity
e Well No. Aquifer Interval Tested (cm/sec) (ft/day)

MW-1 Shallow bedrock 8.6 x 1074 2.4
- MW-4 Shallow bedrock 6.8 x 107% 1.9
M5 Shallow bedrock 1.79 x 107> 0.05
MW-4A Unconsolidated overburden 2.8 x 10_5 0.08
. MW-54A Unconsolidated overburden 1.3 x 10_4 0.37
MW-2 Shallow bedrock 1.3 x 1073 3.6
- V-6 Shallow bedrock 2.5 x 107° 0.07
- MW-6A Unconsolidated overburden 4.3 x 10_5 0.12
MW7 Shallow bedrock 1.5 x 1073 4.32
B MV-74 Unconsolidated overburden 5.5 x 107° 0.14
WP-1 Landfill vaste/fill >1 x 1072(2) >28.3
uv-3a(P) Landfill £ill 4.5 x 1073 13
uv-24¢P) Landfill £ill 7 x 1074 1.98
- Mv-1a(2) Reworked fill 2 x 1072 57

(a) No recorded change in initial water level WP-1 due to intro-
duction of slug suggests high hydraulic conductivity in excess of
1x 10_2 cm/sec (i.e., water level equilibrium reached in less than
0.1 minute).

(b) Hydraulic conductivity values reported by Woodward-Clyde Consultants.
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3. PHYSICAL CHARACTERISTICS OF THE STUDY AREA
3.1 RESULTS OF FIELD INVESTIGATIONS

This Chapter describes the results of field activities conducted during
the New Cumberland Army Depot (NCAD) Remedial Investigation (RI). A
descriptive narrative of the current physical conditions at the sgite,
including geology, soils, surface water, ground water, and waste charac-
terization, is included. Additionally, the conceptual interpretation of
the site hydrogeology is discussed.

3.1.1 Electromagnetic Terrain Conductivity Survey

An electromagnetic (EM) terrain conductivity survey was conducted over
the fill and the immediately adjacent areas and referenced to the 100 x
100 ft grid previously established onsite. Initially, the fill area was
surveyed using a 10-m intercoil spacing. The effective depths of pene-
tration were approximately 7.5 m (24.8 ft) and 15 m (49.5 ft) for the
horizontal and vertical dipole configurations, respectively. Conductiv-
ity measurements were obtained in both the horizontal and vertical dipole
configuration at each station located at 33-ft intervals along northeast-
southwest trending traverse lines. The traverse lines were spaced 50 ft
apart and parallel to each other.

The EM-34-3L was calibrated at the base station located west of the site
once each morning and at the end of each day. Additionally, instrument
calibration was performed after each instrument shutoff.

EM terrain conductivity data were analyzed by initially determining
terrain conductivity ranges associated with background (ambient) levels.
Secondly, all external cultural interferences that could potentially
affect terrain conductivity were identified, such as fences, underground
utilities, and above-ground metal objects. Once these two conditions
wvere satisfied, conductivity values in excess of background terrain
conductivity were identified as anomalous.

Terrain conductivity can be increased by the following natural or artifi-
cial conditions: (1) increase in electrolytic constituents in the ground
water or partially saturated zone (i.e., salts, dissolved metallic ions),
(2) increase in metallic debris in an otherwise low conductivity matrix
(i.e., drums or metal objects in soil or fill), or (3) increased clay
content in the soil overburden because of cation exchange capacity of
clay particles.

In the case of traversing a landfill, metallic debris is the predominant
influencing factor on terrain conductivity. Secondly, the increased
electrolytic constituents in the ground water as a result of the dissolu-
tion of metallic ions from the fill materials may also increase measured
terrain conductivities.

Because the majority of the site and surrounding vicinity is covered with

landfill-derived materials or road fill (i.e., to the south and east of
the site), and the northern boundary is bounded by railroad tracks, it
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was difficult to establish in situ background levels. The majority of
the area surveyed was either waste material or disturbed borrow material.
Very little of the area surveyed, except for the marsh area to the east,
could be considered undisturbed or in situ. Visual inspection of the
northern portion of the site as well as test pits dug in the area (Test
Pits 1 and 2) during the Confirmation Study indicated that relatively
inert (i.e., borrow or construction) debris underlie this area.

In light of this situation, a terrain conductivity range of 10-20 mmhos/m
was selected as an ambient (background) reference based on the relatively
high persistence of this range along the north and east perimeters where
inert or in situ materials are most prevalent. Based on previous EM
survey conducted in the Harrisburg region, a terrain conductivity of

20 mmhos/m is characteristic of saturated silty clay materials such as
those encountered in the site vicinity.

In general, terrain conductivities north of the site grid 6-line and west
of the B-line were relatively flat (consistent within a given range),
suggesting a relatively uniform material. Monitoring well boring data
in these areas confirm the presence of soil and some inert construction
debris fill; therefore, no waste fill material is suspected in areas
identified as "ambient" terrain conductivity.

Cultural interference was identified from the depot fence south of the
site. No other dominant external features were identified that may
effect conductivity readings.

Figures 3-1 and 3-2 illustrate the electromagnetic terrain conductivity
distributions across the site which were generated from the 10-m horizon-
tal and vertical dipole data, respectively. Across the site, the terrain
conductivity ranges from less than 10 mmhos/m to greater than 60 mmhos/m.
The area of highest terrain conductivity is situated south of the site
grid 6-line, west of the I-line, and east of the B-line. As previously
mentioned, values in excess of 20 mmhos/m have been interpreted as repre-
sentative of above background conductivities. These higher conductivity
zones have been qualified as being associated with landfill "waste fill"
material. As a result of this correlation, an approximate waste fill/
inert fill boundary is depicted in Figures 3-1 and 3-2.

Examination of the horizontal dipole data (Figure 3-1) reveals moderately
high conductivity nodes (i.e., >50 mmhos/m) situated within the slightly

elevated terrain conductivity area (>20 mmhos/m) at grid points C.0-4.6,

E.5-4.0, and F.0-4.0.

Specifically, the sharp drop-off of measured terrain conductivity over a

relatively short distance (e.g., conductivity varies from >60 mmhos/m to

20 mmhos/m over lateral distance of 30 ft) in the viecinity of grid point

C.0-4.6 indicates the potential for a high density assemblage of metallic
constituents (i.e., drums, scrap metal, ash etc.).

Although it is exceedingly difficult to distinguish high density assem-
blages of metal in a heterogeneous, moderately high conductive £ill such
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as that encountered at Marsh Run Field, anomalous conductivity pertur-
bations within the f£ill may be sometimes interpreted as solid metallic
assemblage (metal debris or ash). Specifically, sharp declines in con-
ductivity (i.e., from 60 to 20 mmhos/m) over a relatively short lateral
distance (i.e., <30 ft) is typically indicative of metallic assemblages,
rather than a more gradual conductivity decline commonly associated with
a contaminated ground-water or leachate plume.

Figure 3-3 illustrates the conductivity distribution measured in the hor-
izontal dipole from a three-dimensional perspective. It shows the rela-
tively marked contrast between terrain conductivity across the site and
the segregation of a moderate-to-high conductivity area (south-central)
and low (ambient) conductivity (north, east, and west perimeter) areas

of the site.

The vertical dipole data contour map (Figure 3-2) reflects, in general,
a similar conductivity distribution across the site. The highest concen-
tration of terrain conductivity is situated south of the 6-line.

Terrain conductivities measured in the vertical mode within the area
identified as above ambient are typically 10-20 percent less than ter-
rain conductivities measured in the horizontal dipole mode. This situa-
tion is further illustrated in the EM profile comparisons of horizontal
and vertical dipole measurements (Figures 3-4 through 3-8). This compar-
ison suggests that the fill is less than 15 ft deep and that no apparent
large-scale trenches were excavated during landfilling, which has also
been supported by well points and monitoring well test borings. Con-
versely, north of the 6-line both horizontal and vertical dipole measure-
ments are relatively similar in magnitude, which suggests no major elec-
trical conductivity difference between the bedrock and fill material.

0f particular interest is the occurrence and distribution of reverse
polarity (RP) EM response in the vertical dipole across the site.
Typically, an RP instrument response is indicative of a nonconductive
dike structure, the instrument’s nonlinearity response to apparent con-
ductivity above 700 mmhos/m (instrument reads O at conductivity higher
than 700 mmhos/m), or in most cases such as in landfill investigations

a manifestation of randomly dispersed debris characteristic of landfill
material or instrument response. From examination of the RP distribution
in Figure 3-2 it is evident that the majority of the RP readings are
situated within the same portion of the site as that identified as the
above-ambient conductivity zone. The coincidence of the high conductiv-
ity and the RP readings in the one portion of the site and the relative
absence of RP and low conductivity in another portion of the site further
supports the presence of two types of fill within the site boundaries.
The first type of fill matrix represented by higher-than-ambient terrain
conductivity and a higher percentage of RP is interpreted as fill of a
higher density of metallic debris, most probably depot-derived waste
material. The second more conductively inert material is representative
of construction/demolition type debris such as soil, concrete, asphalt,
and reworked borrow material. Figure 3-9, which illustrates the vertical
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dipole terrain conductivity distribution from a three-dimensional per-
spective, illustrates the two distinct zones of terrain conductivity
within the site boundaries.

One spurious occurrence of terrain conductivity above 20 mmhos/m was
measured in the horizontal dipole at grid point D.0-7.0. A reverse
polarity reading was also measured at this location in the vertical
dipole. Consequently, this region was tentatively identified as an
isolated area of potential metallic assemblage.

Based on the results of EM data, no inference was made as to the presence
or absence of a shallow, high-conductivity ground-water plume. In gen-
eral, the perimeter conductivity to the south (near stream) is slightly
higher than that to the north (in marsh), which may be indicative of an
elevated conductivity ground water emanating from the fill and migrating
toward Marsh Run Creek to the south, or possibly due to deicing road salt
contamination from base perimeter road clearing.

3.1.2 Waste Characterization

During the course of this RI, no direct characterization of the landfill
wvaste material was conducted. However, indirect methods of determining
waste material extent were conducted, such as the previously discussed
geophysical methods and well point installation over geophysical anoma-
lously high areas. Other indirect observations, such as surface topogra-
phy, were used in conjunction with well point installation and geophysics
to, at a minimum, estimate waste fill volumes. As previously discussed
in Section 3.1.1, the lateral extent of what has been characterized as
"waste fill" was relatively well defined by surface geophysical methods.

Waste fill in the context used for this RI can be categorized as waste
materials of industrial, domestic, and other suspected and unknown types
of refuse potentially deposited at the Marsh Run Site by past NCAD land-
filling operations. The previous operations and use of NCAD during Marsh
Run Field’s active landfilling life present the potential for a wide
variety of waste, including industrial solvents, metal sludges, damaged
canned food items, chemical warfare impregnating agents, and general
domestic refuse.

To date the most definitive evidence as to the physical nature of the
waste fill has been gathered during the excavation of Test Pits 3, 4, and
5 conducted during the Woodward-Clyde Consultants (WWC) 1987 Confirmation
Study. As a supplement to this data, monitoring well borings MW-2 (EA),
MW-3A and MW-2A (WWC) encountered what is suspected as being waste at the
extreme eastern periphery of the waste fill. Each of the borings encoun-
tered approximately 3-4 ft of domestic refuse fill intermixed with silty
sand.

Test Pits 3 and 4 (WWC) (locations shown in Figure 1-6) both encountered
a mixture of silty sand and gravel with metal, wood, brick, black rubber
cylinders, glass, pasty white material, and white powdery material below
the 1-1.5 £t of surficial topsoil. While most of the material is typical
general domestic refuse, the powdery and white pasty material is suspect
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and may be an industrial-related material. Test Pit 4, which is also
situated within the area designated as waste fill, encountered at the
same depths general refuse waste such as wood, glass, and brick frag-
ments. ‘

During well point installation, observation of the hydraulic force needed
to advance the well point indicated that refusal (i.e., top of weathered
bedrock) was encountered at depths below surface of 11.5, 9.5, and 10 ft
for WpP-1, WP-2, and WP-3, respectively. However, due to the confirmed
presence of 5, 6, 1.5, and 4 £t of clayey silt (ML/CL) in monitoring well
borings MW-2, MW-1, MW-4, and MW-3A (WWC), respectively, at depths below
ground surface of 4-5 ft, it is postulated that waste fill is less than

7 ft and averages 4 ft across the site. Furthermore, examination of the
sudden topography drop-off at the eastern edge of the fill and the pres-
ence of a clayey silt layer at similar depths below ground surface in
monitoring well boring MW-5, a 4-5 ft average waste thickness can be
assumed with reasonably good confidence. Based on an assumed average
waste thickness of 4 ft (exclusive of 1-ft cover fill) and the inferred
lateral extent of waste fill from geophysical data, an estimated maximum
waste volume of 23,000-24,000 c.y. was disposed of at the site.

The waste material appears to be covered with an apparently continuous
1-1.5 ft layer of topsoil/silty sandy loam of moderate permeability. The
cover fill is grassed or covered with small scrubs. No breech of cover
fill was evident, nor was any exposed waste visible at the surface. Due
to ground cover and relatively gentle topography, erosion of the cover
fill is considered negligible.

In light of the soil sampling scheme conducted for monitoring well
borings during this RI (Section 2.1.3.1), surficial soil samples of

the cover fill were not obtained. However, as previously mentioned in
Section 1.2.3, Previous Investigations, 23 surficial soil samples were
collected by the U.S. Army Corps of Engineers (COE) and EPA (Tables 1-6
and 1-7) for the purpose of assessing human health risk associated with
exposure to the site cover fill. EA was authorized by the COE, Omaha
District, to incorporate the analytical results of the aforementioned
sampling efforts into this RI baseline risk assessment.

3.1.3 ‘Soils

The predominant soil series at the site and surrounding vicinity is
mapped according to the York County Soil Survey [Soil Conservation
Service (SCS) 1955] as Made Land soil series, designated by symbols Me
and MdD on Figure 3-10. These miscellaneous land types consist of areas
vhere, during the course of urban development, industrial development or
landfilling operations have altered the landscape by moving or covering
so that the normal in situ soil characteristics have been destroyed.
These reworked soils have been mapped as a mixture of Penn and Landsdale
surficial and subsoil materials (MdD) and Wheeling and Sciotoville
materials (Me).

The north-northwestern portion of the site is comprised of the reworked
Penn and Landsdale materials (MdD). This material was encountered in
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monitoring well boring MW-4 as a dark brown silty loam and clayey silt.

A soil sample obtained at 2 ft from boring MW-4 was analyzed for grain
size distribution, Atterburg limits, and natural water content, and is
classified as ML in accordance with the Unified Soil Classification
System (USCS) specifications. The soil physical analysis data are pro-
vided in Table 3-1. Grain size curves are provided in Appendix E. The
"Made Land" soil series are typically residual materials of parent Trias-
sic sandstone and red shale. In the area of monitoring wells MW-4 and
MW-1 the soil appears to have been disturbed and reworked to a depth of
4-6 ft. The reworked soil interface at these depths is characterized by
an indistinct transitional contact from clayey silt or silty loam to a
clayey, sandy gravel (SC, GC). The characteristics of a sandy, clayey
gravel subsoil at depths greater than 5 ft at MW-4 is consistent with the
Soil Survey’s reported gravelly subsoil material description of Landsdale
and Penn soil types. A subsoil sample of the material obtained from mon-
itoring well boring MW-1 at 9.5-ft depth was analyzed for physical char-
acteristics and classified as a gravelly sand with silt (SC-SM) in accor-
dance with USCS specifications. Approximately 40 percent by weight of
this sample was greater in size than a coarse sand (4.5 mm diameter).

It appears as if the soil series mapped MdD is the least altered (with
respect to distribution) of the Made Land soil types (since the Soil
Conservation Service field mapping).

The Made Land soil type designate Me appears to be distributed in areas
currently identified during the geophysical survey as waste fill. The
physical nature of the cover fill was most adequately assessed by the
monitoring well borings MW-2 (EA), MW-2A and MW-3A (Woodward-Clyde 1987).
Boring log data in these areas indicate 1 ft of topsoil loam, black,
silty fine sand material apparently distributed across the waste fill
area. This material was reportedly placed over the top of the fill
material by Fairview Township. The origin of this surficial material
is reportedly from the borrow area north of the site; however, topsoil
was evidently brought in from an offsite location for the upper 4-6 in.
of cover.

Underlying the surficial topsoil/black silty loam in the vicinity of
MW-2, MW-3A is approximately 4-5 ft of reworked £ill. It was encountered
as a fine sand with silt and fine-to-coarse gravel intermixed with brick,
glass, cinders, and ash. The matrix soil characteristics of the fill

in the area are consistent with the Soil Conservation Service’s general
description of the Wheeling and Sciotoville so0il series which are moder-
ately well drained, dark brown to red, silt loam grading to a silty clay
loam or sandy loam at 2 to 3 ft depth for the Sciotoville and Wheeling
soil series, respectively.

Other additional direct observation of the site soils was the excavation
of test pits which was performed by Woodward-Clyde Consultants during the
Confirmation Study. Specifically, Test Pits 3, 4, and 5 were excavated
in the area mapped as Me and identified during the RI as presumably waste
fill material. These test pits (Woodward-Clyde logs provided in Appendix
A) indicate the occurrence of 1 to 1.5 ft of black, fine, sandy silty
loam (topsoil) which is apparently continuous across the waste fill.




TABLE 3-1 SUMMARY OF PHYSICAL PROPERTIES OF SOIL SAMPLES COLLECTED DURING MONITORING WELL INSTALLATION

Natural
Water Liquid Plastic Percent uscs
Sample Depth of Content Limit Limit Plasticity Passing Sieve Classification

Designation Matrix Sample (ft) (%) LL (%) PL (%) Index No. 4 No. 10 No. 200 Symbol
MW-1, s-5 In situ soil 8-10 6.6 NA NA NA 60 32 i0 GP-GM
MW-4a, s-2 Fill 2-4 15.8 24 17 7 100 99 77 CL-ML
MW-4, S-4 In situ soil 6-8 10.6 25 15 10 99 90 47 SC
MwW-4, s$-5 In situ soil 8-10 8.7 17 14 3 83 67 28 SM
MW-5, S-2 Fill 2-4 27.9 45 32 13 100 99 88 ML
MW-5, S-6 In situ soil 15-16 11.5 24 15 .9 100 96 55 CcL

MW-~5A, S-6 In situ soil 15-16 10 26 17 9 100 98 37 sC



Underlying the topsoil is 3 to 4 £t of additional reworked soil and waste
fill (i.e., brick, glass, cinders, and other industrial material) at all
three test pit locations.

The major in situ soil series mapped at the eastern third of the site

is comprised of the Bowmansville silt loam (Bn). This series consists
of deep, poorly drained floodplain soils. Typically, the surface layer
is dark grayish-brown silt loam, the upper part of the subsoil is light
brownish-gray silty clay loam, and the lower part of the subsoil is a
reddish~-brown silty clay loam to silty clay. Most of this soil unit is
undisturbed because of the heavy growth of trees, shrubs, and underbrush
on this portion of the site.

At the extreme northwestern portion of the site, a spur of Wheeling silt
loam (WgC2) is present. According to the Soil Survey this is suited to
residential, commercial, and/or industrial development. Typically this
soil is a dark brown silt loam mostly distributed in short slopes adja-
cent to areas of gently sloping Wheeling soil. The area on the site
mapped as WgC2 may have been used for borrow placed elsewhere onsite,
including on top of and mixed with other fill in the areas designated
Me and/or waste fill.

Elsewhere to the immediate west of the site (i.e., on depot property)
Made Land is present specifically for the base of the access and depot
perimeter roads. Further west the Bowmansdale Series is present as low-
lying floodplain soils adjacent to Marsh Run Creek. Further south of the
site (i.e., south of Marsh Run Road), upland slope soils of the Penn and
Wheeling series are present. Table 3-2 summarizes the physical proper-
ties of the surrounding in situ Bowmansdale, Wheeling, and Penn soil
series as reported by the Soil Conservation Service.

In summary, the majority of the site not covered with dense underbrush
and trees is comprised of reworked local soils to a depth of 4-6 ft. The
central portion of the site designated Me (Made Land) in Figure 3-10 by
the Soil Conservation Service and characterized by geophysical investiga-
tion as "waste fill" (Figures 3-1 and 3-2) is covered with a thin veneer,
1-1.5 ft of black, silty loam (topsoil) placed by Fairview Township.
Below this thin veneer lie various local reworked soils intermixed with
"waste fill" material. Outside of the area designated "waste fill" to
the north lie reworked local soils that appear relatively free of any
waste fill material. The northwest portion of the site retains some
natural in situ soil of the Wheeling Series that was used to some extent
as borrow material during landfill activities and as a final cover fill
placement. All of the soil types are covered with grass and small
scrubs. No areas of stressed vegetation or large-scale erosional
features were observed.

The dominant in situ soils bordering the site to the east and west are
those of the Bowmansville silt loam, which is a low-lying, poorly drained
floodplain so0il adjacent to Marsh Run Creek. This soil is covered with
heavy undergrowth and trees and is relatively undisturbed.




TABLE 3-2 SUMMARY OF PHYSICAL PROPERTIES OF IN SITU SOIL TYPES IN THE VICINITY OF MARSH RUN

Maximum Dry

Depth to Depth to Classification Percentage Passing Sieve Permeability Density
Map Symbol Season Water Table (ft) Bedrock Unified AASHO No. 4 No. 10 No. 200 (in./hr) (lb/ft3)
Bn (a) 0-1% 4-8 ML—CLa A-4 100a 90—95a 75—90a 2.0-6.2 ~“100

(MW-5, S5-6-Bn) (CL) (100) (97) (55)
PeB, > 4 13%-3 ML-CL A-6 90-100 85-95 60~70 2.0-6.2 106
PecC, > 4 1%-3 ML-CL A-6 80~90 70-80 55-65 2.0-6.2 105
WgB, > 6 5-8 CL A-6 100 85-95 70-85 2.0-6.2 118
wgce, > 6 5-8 CL A-6 90-100 85-95 70-80 2.0-6.2 116

(a) denotes results of physical analysis of soil sample collected as part of this RI.



With respect to potential future use of onsite soils for regrading or
other use, the northwest portion of the site north of Pennsylvania State
planar coordinate N 317,000 and west of coordinate E 2,227,600 could be
accessed. Based on Woodward-Clyde test pit data from TP-1 and TP-2
(Appendix A) and the Soil Conservation Service’s Soil Series map, this
area is relatively undisturbed. In general, depths to the seasonal water
table are greatest in this area (>6) ft due to the higher elevation and
the relative undisturbed nature of the soil. Conceivably, a conservative
estimate of 3,000-4,000 c.y. of usable fill material could be excised
from this area while maintaining a grade suitable for incipient runoff
drainage.

3.1.4 Geology
3.1.4.1 Physiography

The Marsh Run Field site is situated at the southern extreme of the
Great Valley Section of the Valley and Ridge Physiographic Province and
is bordered immediately to the south (i.e., south of Marsh Run Road) by
the higher elevated and more resistant Triassic Lowland Physiographic
Province. The Great Valley Section is characterized by relatively low-
to-moderate relief. The relatively flat topography in the vicinity of
the site is developed on Quaternary and Tertiary floodplain and alluvial
silt, clay, and sand sediments. Topographic relief across the site is
low (<10 ft). Alteration of the natural topography has been made over
the years by landfilling activities, road fill placement, and railroad
track embankment construction to the north.

Structurally, the site is situated at the extreme north boundary of the
Triassic Newark-Gettysburg Basin. The Newark-Gettysburg Basin extends
along a southwest-northeast trend principally in Pennsylvania and New
Jersey. This relatively extensive basin dips monoclinally to the north-
west. It was formed as a result of erosion and subsequent deposition of
detritus derived from Paleozoic and Precambrian metamorphic highlands
during a tectonic uplifting south of the basin. These sediments were
carried by streams from the highlands and deposited as a wedge of thick-
ening sediments away from the source. The basin is parallel to the
Appalachian Highlands. Faulting within the basin is prevalent in the
thicker sedimentary sequences.

3.1.4.2 Descriptive Geology

As previously discussed in Section 3.1.3, the majority of the site not
covered with trees has been filled with various types of depot-derived
landfill waste intermixed with borrow material from adjacent areas and
cover topsoil was reportedly trucked in by Fairview Township. The origin
of the cover fill is not known. The waste material was placed over what
was originally a low-lying floodplain marsh area adjacent to the Susque-
hanna River. The original marsh area was and still is traversed by the
west-to-east flowing Marsh Run Creek. In general, the topographically
flat marsh silt, clay, peat, and sand deposits of Quaternary age are sit-
vated at the base of the hills which rise abrubtly in elevation several
hundreds of feet to the south of the site. The hills south of the site
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as well as the underlying bedrock beneath the site are Triassic-age,
fine-grained sandstone, siltstone, and shale of the Gettysburg Formation.

The surficial and shallow subsurface geology in the vicinity of Marsh
Run Field is characterized by a thin veneer (approximately 5-7 ft thick)
of Quaternary alluvium. The alluvial deposits underlying the site are
typically unconsolidated clays, silts, and thick interbeds or lenses of
fairly well-sorted, subrounded to rounded, fine sand and gravel. These
detrital sediments are floodplain sediments which border the Susquehanna
River and its tributaries. They were deposited as a result of cyclic
river flooding and overwash deposition. Figure 3-11 shows the location
of two idealized cross-sectional views of the site. Figures 3-12 and
3-13 jillustrate the idealized subsurface geology of the site.

The entire landfilled portion of Marsh Run Field is directly underlain by
Quaternary sediments. A varicolored, brown to gray, medium stiff clayey
silt with a trace of sand and fine gravel underlies fill material in the
portion of the site south of site grid line-6. It is apparently continu-
ous across this area of the site. The fill characterized as waste fill
is almost entirely underlain by this clayey silt layer. A soil sample of
this clay layer was collected from MW-5 at a depth of 15 ft and was clas-
sified as a lean clay (CL) in accordance with USCS specifications. Based
on grain-size distribution data, gthe permeability of this material is
estimated to be less than 1 x 107 cm/sec. Thickness of this clayey silt
material ranges from 2 ft at MW-6 to 8 ft at MW-5, and averages 4 ft
where present across the site.

The clayey silt layer encountered is representative of Quaternary allu-
vial deposits. Its extent to the west and south is uncertain; hovever,
based on topography and the presence of low-lying marsh sediments adja-
cent to Marsh Run Creek, the silty clay layer is suspected to be present
west of the site below the fill. To the south where the lowlands trans-
gress to the upland region, the clay silt layer most probably laterally
grades into the residual silts of the Triassic siltstone and shales.
Figure 3-14 (isopachous map of clay/silt layer) illustrates the inferred
thickness (based on boring data) of clay beneath the site. One major
margin for error in inferring the clay is continuous across the site is
the lack of data beneath the "waste fill" over the entire site. It is
not certain whether or not the clay layer is absent over a portion of the
site due to a coarse-grained lens or other depositional factors. Howev-
er, based on the reported marshy nature of the area prior to landfilling
and the observed clay layer east, west, and immediately south of the
site, the presence of a continuous clay layer is likely.

. Further to the north-northeast, the clayey silt laterally grades to a
reddish-brown clayey sand and rounded gravel (Figures 3-12 and 3-13).
This lithology was encountered in boring MW-4 at a thickness of 7 ft.

It is comprised of a larger percentage of sand and gravel-sized particles
than the clayey silt sediments to the southeast. Therefore, the perme-
ability of the clayey sand is estimated, based on area size and density,
to_ge correspondingly higher by approximately one magnitude (i.e., 1 x

10 cm/sec) than that of the clayey silt.
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Two representative samples of the clayey sand material were collected
from MV-4 at depths of 7.5 and 9.5 ft; these samples were classified as
clayey sand (SC) and silty sand (SM), respectively, in accordance with
USCS specifications. Although physical analysis of these soil samples
indicates a larger percentage of coarse-grained sediments, fines (clay,
silt) make up approximately 25-45 percent of the material by weight.
Therefore, based on this grain size distribution, this material could be
characterized as having moderate to moderately low permeability. There
is an apparent decrease in fines with increasing depth, indicating a
slight downward coarsening of sediments. It is speculated that further
lateral coarsening of shallow subsurface sediments may occur approaching
the banks of the Susquehanna River.

Interlayered or lensoidal sands and gravel were encountered in borings
MW-3 and MVW-1 at thicknesses of 3 and 4 ft, respectively. The sand-
gravel layer was encountered below the clayey silt layer in both of these
borings. Based on boring log data, the sand-gravel layer is suspected of
being restricted to the southeastern portion of the site (i.e., it was
not encountered in boring MW-2 and MV-4) and may be continuous in a
roughly east-west orientation across the southeastern portion of the
site. The sand lithology is typically a medium brown, moderately well
sorted, fine-to-coarse sand and fine gravel with a trace of rounded
cobbles, weathered sandstone, and shale rock fragments. A grain- size
analysis of this material was conducted on a sample collected at a depth
of 9.5 ft from MW-1. This material is classified as a sandy gravel with
silt (GP-GM) in accordance with USCS specifications. Based on the grain
size distribution of this material, permeability i§ expected to be
moderately high, estimated in the range of 1 x 10~ cm/sec.

The unconsolidated sediments of the site are underlain by the Gettysburg
Formation of Triassic age. The general site geology is shown in Figure
3-15. Locally the Gettysburg Formation was encountered at a depth of
11-15 ft below ground surface. It is typically a maroon, silty, fine-to-
medium grained sandstone interlayered with fissile shale. Infrequent
lenses of subrounded vein quartz and rock fragment clasts in a silty
matrix usually less than 8 in. thick were also encountered. The relative
percentage of shaley horizons to siltstone/sandstone horizons varied from
10 to 50 percent. The higher percentage of shale horizons was evident in
the upper few tens of feet of rock. All bedrock monitoring well borings
encountered a gradational change from silty fine sandstone, siltstone,
and shale (upper section) to a more evenly graded fine-to-medium grained
sandstone with less silt and fewer shale horizons (lower section). The
matrix cement is high in iron oxides, resulting in the characteristic
maroon color. This gradational lithologic change at increased depth was
generally reflected by a corresponding increase in the rock quality
determination (RQD) percentage of rock cores. In general, a low RQD
value indicates a higher degree of rock fracturing; however, in this

case the RQD of the shale layers was low due to the relative brittleness
(fissilty) of the shale. Consequently, the low RQD value for the shale/
siltstone does not imply extensive fracturing or fracturing connectivity.
The nature of the fine-grained mudstone and shale is that of plastic
deformation when subjected to tectonic-related stress; as a consequence,
fracture interconnectivity is assumed to be low in shale horizons.
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Boring data indicate that the upper section siltstone/shale lithology
thickens from west to east. Depth to the bottom of the siltstone/shale
horizon ranges from 20 to 41 ft below ground surface at elevations of 279
to 259 ft MSL, respectively. Bedding in the siltstone/shale horizon is
characterized as massive and nondescript. However, bedding inclination,
where discernible, was found to be consistent with regional trends, dip-
ping uniformly 20-30° to the north-northwest. The high percentage of
shale in the siltstone/shale (upper section) tends to facilitate weather-
ing at a faster rate than the more resistant sandstone of the lower
section.

Because of the lower section sandstone rigidity and its inability to
deform with stress, fracturing, although no more common in the lower
section, exhibits better openness and development. Fractures tend to
be larger, and most likely more laterally extensive. Therefore, it is
speculated that these fractures are the primary transmissive conduits
for ground water in the upper 50 ft.

The dominant orientation of fracturing is low angle (720°) and oblique to
bedding. Fracture density of both the upper and lower bedrock sections
measured perpendicular to fracture planes ranges from one per 5 to 10 ft.

In summary, the site investigation has characterized the geologic condi-
tions to a depth of 50 ft. The geologic conditions encountered at the
site have been evaluated based on the data collected. All of the geolog-
ical data developed during this investigation are consistent with data
generated by previous investigations. The supplemental data obtained
during this RI have furthered the knowledge of hydrostratigraphic unit
interconnectivity and consequently the geologic impact on ground-water
flow patterns. The presence and extent of the shallow subsurface clayey
silt and its lateral gradations are potentially important with respect to
vertical and lateral contaminant migration and available remedial options
such as ground-water cutoff trenches and slurry walls. Its continuity
beneath the site is suspected but not confirmed. Depth to bedrock is
shallow (11-15 ft). The upper 10 to 30 ft of bedrock is comprised of
shale and siltstone while a deeper section is comprised of a more evenly
grained sandstone. The sandstone section is anticipated to be the
primary ground water-bearing zone.

3.1.5 Surface Water

The Marsh Run Field site is located within the central portion of the
lower Susquehanna River Basin. Specifically, the site is located adja-
cent to and is drained by Marsh Run Creek. Marsh Run Creek discharges
directly into the Susquehanna River, 1,100 ft northeast of the site.

Marsh Run Creek enters NCAD at the southwest corner of the depot and
flows into Marsh Run Pond, which is approximately 32 acres in area.
Upstream of the pond, the stream runs through a large marsh encircled by
homes and commercial properties. Below the pond, Marsh Run Creek flows
east through the depot and is surrounded by marshy mud flats. Much of
the marshy mud flats through which it flows have been previously used as
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land disposal areas for depot waste, while other marsh areas along the
creek were used for sewage sludge disposal.

Approximately 2,550 ft west of the site, an unnamed north-floving stream,
wvhich flows out of the relatively undeveloped hills south of the site,
merges with Marsh Run Creek.

Surface water and stormwater runoff from NCAD flow into Marsh Run

Creek from the warehousing and storage areas. The Pennsylvania Turnpike
parallels Marsh Run Creek with the highway centerline varying from 400 to
1,000 ft south of the Creek. A Turnpike maintenance facility is located
approximately 1,000 ft south of the Marsh Run Creek Dam. The highway
maintenance facility surface runoff discharges into Marsh Run Creek via
storm drainage ditches.

Incipient surface water runoff from Marsh Run Field is channeled into
Marsh Run Creek via a drainage swale along the southwest and south prop-
erty boundaries. The northern portion of the site is drained via a north
swvale which channels water into the marsh east of the site.

3.1.5.1 Stream Drainage

Marsh Run Creek is classified as a warmwater fishery by the State of
Pennsylvania. During the February sampling event, streamflow measure-
ments were estimated at 65 and 74 ft3/min at sampling stations SWS-2
and SWS-3, respectively (Figure 2-1).

Previous hydrological studies (Taylor and Werkheiser 1984) have esti-
mated that ground-water base flow constitutes approximately 63 percent
of total streamflow in the area, although measured base flow contribu-
tions vary between 49 and 80 percent depending on land topography and
geology. An estimation of average aquifer transmissivity of the area
between SWS-2 and SWS-3 was made from the volume of ground-water dis-
charge to the stream, the slope of the water table, and the length of
streams receiving discharge in the area. The stream discharge volumes
were estimated during the surface water sampling event. The cross-
sectional geometry of the stream was measured at each station and flow
measurements taken at six evenly spaced points across the stream at

0.65 ft, the depth of the stream, at each measurement point. The slope
of the water table was determined from the onsite monitoring wells and
the stream discharge point elevations along the predicted flow-path
lengths. The length of the streams receiving discharge were measured
from a U.S. Geological Survey (USGS) topographic map. The streamflow
measured at SWS-2 was assumed to be representative of stream base flow
from Marsh Run Creek, from Marsh Run Pond east, and the north-flowing
stream segments. Streamflow measured to station SWS-3, which was higher
than SWS-2, was assumed to represent the supplementation of ground-water
base flow from the Marsh Run Creek stream segment adjacent to Marsh Run
Field (i.e., between SWS-2 and SWS-3). Since no precipitation had
occurred within the previous 72 hours, bank storage or surface runoff
wvere considered negligible. However, some incipient runoff to the stream
may have resulted due to melting of ice.
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In comparing the total estimated surface water flow at SWS-2 of

65 ft3/min to 74 ft3/min at SWS-3, it is evident that a 14 percent
increase in streamflow is attributable to the 850-ft segment of Marsh
Run Creek adjacent to the site. However, this addition to Marsh Run
Creek base flow is from both sides of the stream (i.e., site and depot
sides of stream). '

Assuming that base flow to a stream is calculated by the following
equation:

Q=T2L1I
wvhere
Q = streamflow (ft3/day)
I = wvater table average gradient (ft/mi)
L = stream segment length (mi)
T = transmissivity (gpd/ft)

The average transmissivity of the aquifer discharge to Marsh Run Creek
between any given point, and in this case from SWS-2 to SWS-3, is
determined:

Q=Tzx 2(L)I
where
Q=9 £t3/min (12,960 ft3/day)
L = 850 ft (0.16 mi)
I =70 £t/mi
T = 578 ft3/day (4,327 gpd/ft)

The estimate of aquifer transmissivity of 4,327 gpd/ft is highly
dependent on the true water-table slope which steepens to the south
with topography. However, comparisons of this estimate with the aver-
age transmissivity determined from slug tests are useful in evaluating
potential deeper ground-water underflow of Marsh Run Creek in the bed-
rock aquifer and to assist in ground-water flow model calibration.
This comparison is discussed further in Chapter 4.

The surface water sample taken at station SWS-2, based on analysis of
shallow ground-water flow patterns at the site, is apparently upstream
with respect to the site and is primarily representative of stream water
quality of the depot. However, due to the predicted radial flow patterns
of shallow ground water, some ground-water discharge from the site may
periodically reach this portion of the stream. The chemical quality of
the surface water at this location, although possibly influenced by shal-
low ground-water discharge to the stream from the site, is at the extreme
uppermost probable zone of influence from site ground water. Consequent-
ly, the chemical quality is near background or upstream quality. Sur-
face water sample SWS-3 is situated downstream of the site where shallow
ground-wvater discharge to the stream is taking place both at and upstream
of this sample.
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Surface vater sample SWS-1 is representative of stream water quality
unaffected by the depot or Marsh Run Field. The SWS-1 sampling location
is considered a true background stream surface water quality sample,
based on its relative location to developed areas and its higher eleva-
tion. Surface water sample SWS-5, although upgradient of the site, is
adjacent to and downstream of filled marsh areas previously documented as
contributing low-level organic and inorganic contaminants to the stream.
The water quality of this sample when compared to the water quality of
SWS-2 and SWS-3 was used as an evaluation tool on the effect that shallow
ground-vater discharge from the site has on the water quality of Marsh
Run Creek. However, since SWS-5 was collected on a different date than
the other surface water samples (i.e., 6 months later), a direct com-
parison of chemical quality between SWS-5 and the other samples was not
appropriate in that temporal variations are inevitable. Sample SWS-4

vas taken in the marsh area east of the site. The water quality of this
sample would be impacted from site-derived surface water runoff from the
north-northeast fill. Ground-water base flow is not considered a con-
tributory factor at this location. Chapter 4 discusses the distribution
of contaminants in the surface water of Marsh Run Creek.

3.1.5.2 Site Drainage

Incipient surface water runoff onsite is controlled by surface topog-
raphy. Figure 3-16 illustrates drainage patterns onsite. Ultimately,
surface water runoff from the northeast portion of the site is channeled
towvard an east-west trending shallow swale into the marsh area east of
the site. Surface water runoff from the south and southwestern portion
of the site is directed toward a northwest-southeast trending ditch that
empties into a low-lying depression at the southern edge of the site,
immediately adjacent to Marsh Run Creek.

Approximately 40 percent of the area identified as being underlain by
waste fill is drained by the northern boundary’s east-west trending
ditch. The remaining 60 percent is drained into the southern swale which
empties into Marsh Run Creek. Surface water drainage is somewhat impeded
by the relatively low topographic gradients and the presence of ground
cover. Undoubtedly, much of the incipient rainfall percolates into the
fill rather than flowing overland as surface runoff. Thus, erosion of
the cover fill is minimal. Surface water runoff in general occurs pri-
marily in the immediate vicinity of the site drainage swales and was
observed to pond in flatter areas in the central portions of the site.
Site surface water runoff is effectively captured by the drainage swales.
No runoff crosses either the NCAD access road or Marsh Run Road. How-
ever, once surface vater runoff flows into these drainage swales it flows
unchecked into the marsh area to the east or into Marsh Run Creek. Sur-
face water runoff from the site will encounter the surficial cover soils
and will not directly contact any waste fill materials, since no waste
material was observed on the landfill surface. In light of the healthy
ground cover over the site, erosion of the cover fill and subsequent
transport of the sediments to Marsh Run Creek is not considered a primary
contaminant migration pathway.
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In summary, surface runoff from the site is not considered a major path-
way of contaminant transport based on the physical conditions at the
site. All waste material is covered with topsoil. Surface water runoff
drainage is hampered by the gentle topography and relatively continuous
and dense ground cover. Erosion of cover f£ill material is not occurring
because of topography and ground cover. Much of the rainfall percolates
into the fill. Surface water runoff that does occur is either channeled
by topography or the two shallow drainage swales at the north and south
boundaries of the site. Runoff channeled through these swales is ulti-
mately channeled into the marsh east of the site or into Marsh Run Creek.

3.1.6 Sediment Sampling

The chemical character of stream sediments at the stream surface water
sampling points and sediments of the marsh area east of the site were
evaluated as part of this RI. Figure 2-3 shows surface water and sedi-
ment sample locations. Sediment samples collected from streams at loca-
tions SS-1, SS-2, SS-3, and SS-5 were representative of sediment in
direct contact with flowing stream waters. Sediment transport due to
erosion and redeposition between points SS-5 and the confluence of Marsh
Run Creek and the north flowing segment is considered low due to low flow
velocities between these points. Downstream of the confluence, surface
vater flow velocities increase, and as a result sediment is eroded and
transported downstream. Sediment samples collected at points S$S5-2 and
$S-3 are allochthonous in nature (i.e., mobilized from somewhere else
along the stream). The sediment sample SS-4 collected in the marsh area
is representative of relatively static sediment (i.e., no sediment ero-
sion or deposition). No overland surface water flow was observed in the
vicinity of S55-4 even though ponding is prevalent in the area most of the
year. The marsh area is covered with tall grasses and decayed organic
matter and is not readily accessible to erosion.

In summary, based on streamflow velocities, sediment transport in Marsh
Run Creek is most active below the confluence of Marsh Run Creek and an
unnamed north-flowing stream segment. Due to the good ground cover
onsite, erosional sediment transport of cover soils to Marsh Run Creek
facilitated by surface runoff is not considered significant. Stream
sediment transport in the lower reaches of Marsh Run Creek adjacent to
the site does occur, although no evidence suggests that major stream
sediment loading occurs. Stream sediment transport in Marsh Run Creek
is not considered a significant transport mechanism of contamination
offsite. The quality and distribution of chemical compounds of sediment
samples collected in Marsh Run Creek and the marsh area are discussed in
more detail in Chapter 4.

3.1.7 Ground Vater

The Marsh Run Field site is situated at the base of hills which rise
abruptly several hundred feet south of the site. Specifically, the site
lies on an infilled floodplain adjacent to the Susquehanna River. A
tributary of the Susquehanna, Marsh Run Creek, flows west to east through
the site parallel to the floodplain depositions. The primary regional
aquifer is the Gettysburg Formation. Ground-water flow through this
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aquifer occurs through narrow, secondary openings, such as bedding
planes, joints, and faults. These openings provide an interconnected
system of conduits through which ground water can migrate.

The regional trend of ground-water movement in the area is from the
higher elevation hills towards the lower ground-water discharge point,
the Susquehanna River. Typical of this area, ground-water flow occurs

in an intermediate-to-local flow regime. Specifically, under water-table
conditions, ground-water recharge occurs at high elevations and discharge
occurs in the immediately adjacent low-lying areas such as tributaries
(local) or major streams or rivers (regional). In general, shallow-zone
ground-water flow, usually less than 100 ft, occurs in a local pattern,
and deeper flow, i.e., >100 ft, occurs in a more regional pattern. In
many instances, fracture size and/or interconnectivity decrease within
increased depth, thereby retarding deeper (regional) flow (Wood 1980).

The primary fluid flow properties of fractured rock are generally
controlled by a system of interconnected and discontinuous fractures.
Ideally, detailed knowledge of the hydraulic and geometric properties

of such discontinuous fracture systems is required to understand the
patterns of fluid and solute movement in fractured rock. The hydraulic
properties of fractures are usually expressed as an equivalent hydraulic
aperture. The geometric properties of fractures include spacing, size,
and orientation.

Deterministic characterization of the hydraulic properties of the

fracture system was not within the scope of work. The geometry of
the fracture system was investigated using methods such as logging
of boreholes and rock cores and using available geologic maps.

With respect to the fracture geometry of the rock aquifer underlying the
site, several initial assumptions have been made: (1) It is assumed that
the area of investigation is consistent with representative elementary
volume (REV) (i.e., the area of investigation constitutes an area large
enough and encompasses enough fractured media so that the aquifer
responds as a typically anisotropic porous media). This concept of the
REV has been described by Neuman and others (Neuman 1987). (2) The
density of fractures is sufficient such that enough intersections exist
for a general flow between. The degree of connectivity is a function of
both fracture density and fracture length. When the point is reached
where the potential for connectivity is high, the fracture network can
be assumed infinite in extent, allowing for flow throughout the entire
medium. This concept is generally referred to as the "percolation
threshold." The percolation threshold concept is viable as long as
several families (i.e., separate fracture sets of differing orientation)
are distributed throughout the rock matrix. (3) The hydraulic conduc-
tivity of the rock matrix is negligible. A double porosity (i.e.,
fracture porosity and matrix porosity) scenario was not inferred for
purposes of this study.
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The number and width of fracture openings in part dictate the perme-
ability of a rock at different depth intervals or locations. Using
the concept of REV, average values are given to a particular lithology
(i.e., bedrock, clay, fill, etc.).

Not only do variations in lithology account for variable hydraulic
properties of a medium, distinct textural variations within a specific
medium can account for heterogeneity in hydraulic characteristics. The
degree to which fractures have developed depends on the composition of
texture or texture of the rock. Shale tends to deform with stress with-
out extensive fracture while hard beds of sandstone develop more exten-
sive water-transmitting fractures (Wood 1980).

In addition to the regional aquifer ground-water flow patterns, shallow,
unconsolidated Quaternary sand, clay, and silt facilitate a localized
shallow ground-water flow regime that has been further facilitated by the
placement of fill at the site and the development of Made Land on the
NCAD property.

The saturated unconsolidated deposits are associated with and primarily
restricted to the floodplain deposits adjacent to the Susquehanna River.
The hydrogeologic conditions at the site with respect to the unconsoli-
dated zone and bedrock aquifer and the singular and cumulative inter-
action of these differing hydrogeologic units with the surface water
stream were the focus of the ground-water investigation. Pursuant to
the understanding of the site hydrogeologic model, the ground-water
transport mechanisms can then be evaluated.

3.1.7.1 Shallow (Unconsolidated) Saturated Zone Characterization

As previously discussed, the site fill material is placed on top of
unconsolidated floodplain sediments. This area existed originally as a
low-lying swamp; thus, most of the area not covered by fill and north of
Marsh Run Road is saturated or is at an elevation near the water table.
The placement of fill on top of the marsh has resulted in an elevated
vater table (above the marsh). The apparently continuous clay and sand
above the bedrock, the waste fill, and other (inert) fill comprises the
unconsolidated saturated zone. The assemblage of unconsolidated fill and
sediments has been termed "saturated zone" rather than "aquifer" because
they are not utilized as a domestic water source, and, in the case of
"waste fill" material, are not areally extensive. Furthermore, it is the
fill material and discontinuous sand lenses and not the extensive silt
clay deposits that comprise the most permeable of these unconsolidated
materials.

Figures 3-17 and 3-18 illustrate the contoured water-level data from site
monitoring wells installed in the unconsolidated material on 8 February
and 16 August 1989, respectively. Both sets of data indicate a radial
flow pattern as a result of ground-water mounding beneath the fill. This
radial-flow pattern was also observed during the 1987 site Confirmation
Study. The 16 August data are more refined as more monitoring wells were
installed prior to the latter sampling event. Depth to the saturated
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overburden water table ranged from 4 to 7 £t across the fill area. The
saturated fill is under water-table conditions (unconfined). Examination
of Figures 3-17 and 3-18 shows shallow ground water radiating from the
south-central portion of the site primarily toward Marsh Run Creek and
toward the Susquehanna River to the south and north, respectively.

Based on the two sets of water-level data, the shallow water table was
observed to fluctuate 1.5 to 2 £t in a 6-month period (i.e., February to
August). Maximum shallow ground-water fluctuations are not anticipated
to vary more than 3-4 ft due to the close proximity to Marsh Run Creek
and the Susquehanna River. These two perennial discharge areas limit the
maximum low water-table elevation at the site. Recharge to the fill area
occurs primarily as rain water infiltration. The cover f£ill, although
continuous across the site, is a silty loam of moderate permeability,
which when coupled with the low site topographic gradient facilitates
surface water infiltration. The "waste fill" and heavily reworked soils
onsite are clearly more permeable than the surrounding in situ residual
material or the less reworked soils. Monitoring wells MW-1A, MW-2A, and
MW-3A, and well point WP-1, which are situated in or at the edge of the
"waste £ill," exhibited higher hydraulic conductivities than the sur-
rounding wells MW-4A, MW-5A, MW-6A, and MW-7A, which are installed in
natural residual soils or the less reworked soils.

The average hydraulic conductivities, based on slug-test data of the

fill and in situ ovggburden surrounding_ghe fill to the north, west, and
south, are 8.8 x 10 cm/sec and 7 x 10 cm/sec, respectively. This
relationship indicates an increase greater than 2 orders of magnitude in
hydraulic conductivity of the fill over the surrounding soils. This con-
dition is evident (as shown in Figure 3-18) along the south portion of
the site, just north of Marsh Run Creek, by the steepened hydraulic gra-
dient near the creek. The relatively steep, shallow ground-water gradi-
ent is also apparent south of Marsh Run Creek in the vicinity of MW-5A,
also indicative of lower-permeability residual soils outside the landfill
boundaries.

Water-table contours depicted in Figure 3-18 imply ground-water discharge
to Marsh Run Creek, specifically from 650 ft upstream of where the NCAD
access road crosses Marsh Run Creek to several hundred feet downstream of
the access road crossing. Shallow ground-water discharge is also occur-
ring east of the site into the marsh area and ultimately into Marsh Run
Creek. Remaining shallow ground-water discharge is to the north and
northeast toward the Susquehanna River.

Comparison of both the February and August water-table data (Figures 3-17
and 3-18) shows similar shallow ground-water patterns; however, lower
vater-table elevations in the center of the fill during February resulted
in a lower overall hydraulic gradient. Consequently, total shallow
ground-water discharge rates are reduced. A shallow ground-water flow
divide separating the predominantly north and south flow components
trends northwest-southeast across the south and southwest portions of the
fill. Comparison of Figures 3-17 and 3-18 indicates that as the shallow
wvater table is lowered and the fill becomes less saturated, the ground-
vater flow divide migrates to the north-northeast. As a result of this
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flow-divide movement, more of the ground water in the saturated fill area
periodically discharges to Marsh Run Creek.

Although water-table fluctuations in the fill were observed to vary
approximately 2 ft during the course of the investigation, fluctuation

to the south of Marsh Run Creek (MW-5A) was observed to be less than 1 ft
during the same period. This observation may be due to the high propen-
sity for surface water infiltration in the £fill with respect to less dis-
turbed soils outside the fill boundaries.

From examination of both sets of water-table data (Figures 3-17 and 3-18)
it is evident that south and west of Marsh Run Creek the water table
becomes elevated above the stream, and in the vicinity of MW-5A and MW-6A
ground-vater mounding results from high topography. The significance of
the higher water-table elevation across Marsh Run Creek is that the
stream acts as a ground-water discharge zone that precludes water-table
underflow beneath Marsh Run Creek. Therefore, any lateral ground-water
flow within the saturated zone of the site toward Marsh Run Creek will
ultimately discharge to Marsh Run Creek and not flow beneath the stream
to areas on the other side. The other water-table mechanism of ground-
water flow is the vertical component to deeper portions of the bedrock
aquifer. Section 3.1.7.3, Ground-Water Movement, discusses the ground-
water flow pattern in the saturated overburden in more detail.

Because of the inferred presence of the natural silt and clay deposits
beneath the fill (based on monitoring well boring data), ground-water
flow in the vertical direction is retarded more than if there were no
underlying clay. The thickest confirmed portion of the clay (>5 ft) was
encountered in the central portion of the site in MW-4A. However, fur-
ther south, relatively permeable sand lenses were encountered below 2 to
3 ft of clayey silt. Along the northern portion of the site the clay
grades laterally into a clayey sand which, based on grain-size distribu-
tion, is estimated to be approximately one magnitude higher in hydraulic
conductivity. These high permeability units will facilitate vertical
ground-water migration if hydraulic head gradients are downward.

The uncertainty of the continuity of the clay beneath the entire site
presents a potential for enhanced vertical ground-water migration in
excess of what would be predicted if the clay is continuous. However,
using practical geologic sense it can be inferred that the clay is pre-
sent and that only the thickness of the clay is the uncertain factor.

Boring data indicate that the clayey silt material and the sand unit

are present at the depth of the Marsh Run Creek stream bottom. There-
fore, shallow ground-water base flow to the stream is through the clay
and sand. It is the material in the stream bottom and banks and immedi-
ately adjacent soils and their respective permeability that regulate
ground-wvater base flow to Marsh Run Creek.

As previously mentioned, Marsh Run Creek is positioned with respect

to the site so as to predictably prevent lateral migrating of shallow,
site-derived ground water to the south, west, or east beyond Marsh Run
Creek.
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3.1.7.2 Bedrock Aquifer Characterization

The regional aquifer of concern in the project area is the Gettysburg
Formation. This aquifer is used by residences south, east, and southeast
of the site, all of which are at a higher elevation and hydraulically
upgradient of Marsh Run Field. The ground-water flow patterns in this
aquifer are more intimately associated with the regional flow (i.e.,
south to north), although the saturated overburden zone flow patterns
influence the overall configuration of the bedrock aquifer beneath the
site.

Ground-water movement through this aquifer occurs primarily along inter-
connected fractures. Although ground-water flow is driven by hydraulic
head differentials (i.e., from higher to lower head), fracture orienta-
tion may alter flow patterns from those normally expected in an isotropic
system. Thus, ground-water flow transverse to hydraulic head differen-
tials can occur in the bedrock aquifer. However, ground-water flow is
always from a higher hydraulic head to a lower one. Figures 3-19 and
3-20 illustrate the contoured potentiometric surface levels taken on

8 February and 16 August, respectively. These sets of data represent
the potentiometric head distribution at a nominal depth of 50 ft below
surface. Both sets of data show similar potentiometric surface configu-
rations to respective overburden zones during each date (i.e., mounding
beneath the site). In general, a potentiometric surface mounding was
observed during both dates. The ground-water mounding occurs beneath
the southern portion of the site, slightly south of the respective shal-
low zone ground-water mounding apex. As a result, a ground-vater flow
divide is also apparent at a 50-ft nominal depth in the bedrock aquifer,
which indicates ground-water flow to the south (Marsh Run Creek) and to
the north (Susquehanna River).

Examination of Figures 3-19 and 3-20 reveals that a larger portion of

the site ground water at this elevation is moving in a northward, more
regional direction to the major discharge point (Susquehanna River). At
this depth the influence of the shallower ground-water system is evident,
but its-effect has apparently dissipated with depth. A comparison of the
February and August shallow and bedrock potentiometric configurations
illustrates the lessening effect of the shallow zone on the bedrock aqui-
fer as the shallow water-table level declines. The ground-water mounding
in the bedrock aquifer was more subdued and regional flow to the north
wvas more pronounced in February when the overburden water table was
lower. This comparison illustrates that the shallow zone flow system
recharges the bedrock aquifer by vertical migration and thus influences
ground-water flow paths at depth.

The bedrock aquifer appears to be semiconfined locally below the flood-
plain silt/clay deposits. Elsewhere, where the clay layer is absent, it
is anticipated to be under near water-table (unconfined) conditions.
Ground-water fluctuations in the bedrock aquifer were observed to be a
maximum of 3 ft in MW-4 at the northern part of the site. Elsewvhere,
fluctuation was on the order of 1.5 ft. As previously discussed for the
shallow saturated zone, maximum ground-water fluctuations in the bedrock
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aquifer are somewhat moderated by the Susquehanna River. Slug tests were
conducted on bedrock monitoring wells MW-1, MW-2, MW-4, MW-3, MW-6, and
MW-7. Hydraulic conductivity values ranged from 1.79 x 107" cm/sec to
1.3 x 10 ° cm/sec for monitoring wells MW-5 and MW-2, respectively.

These values reflect a variation of two magnitudes in hydraulic conduc-
tivity of two wells at the same depth. The average of the hydraulic
conductivities of all bedrock wells tested is 7.3 x 107 cm/sec.

In general, the potentiometric levels of the bedrock wells were lower
than those of the unconsolidated overburden wells at each cluster loca-
tion by a range of 0.8 to 3 ft. No incidence of the reverse condition
was observed. The net downward vertical hydraulic gradient implies
downward movement from the shallow zone to the bedrock aquifer through
the clay silt layer.

Potentiometric surface contours of the bedrock well data imply discharge
into Marsh Run Creek and to the Susquehanna River. Bedrock aquifer
recharge occurs onsite by vertical migration of ground water, and
recharge occurs offsite to the south from the higher elevations.

As discussed for the shallow saturated overburden zone the bedrock aqui-
fer potentiometric surface elevations, being a high or higher across
Marsh Run Creek (i.e., to the south and west), imply that no underflow is
occurring from the site across Marsh Run Creek.

3.1.7.3 Ground-Water Movement

From the examination and comparison of monitoring well water-level data
and slug-test data, a ground-water flow model can be developed. The site
can be characterized as being part of a singular ground-water flow system
with two distinct zones. The upper zone consists of saturated, unconsol-
idated fill, residual soil, and floodplain deposits. Specifically, the
fill materials are the local focus of the unconsolidated saturated zone.
The second zone is comprised of the fractured shale and sandstone bedrock
of the Gettysburg Formation. An intervening silt/clay layer with lensoi-
dal sand separates the saturated fill from the underlying bedrock, and
although it exhibits relatively low permeability, allows for vertical
downward migration from the upper zone to the lower zone. Both sets of
water-table surface data indicate radial, lateral ground-water flow from
the £ill south to Marsh Run Creek and to the north toward the Susque-
hanna. Higher elevation topography and correspondingly higher hydraulic
head to the south, east, and west preclude migration of ground water
across Marsh Run Creek. The radial flow component evident at the site is
resultant from mounding of ground water in the loose, permeable fill.

The dominant driving force in the shallow zone is rain water infiltration
into the fill.

A second component of saturated-zone flow (vertical flow) is illustrated
by the net downward vertical gradients across the site. The magnitude
of the ground-water flux in the vertical direction is controlled by the
clay/silt layer and the total potentiometric head distribution across
the clay layer.
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Linear ground-water velocities in the shallow zone were calculated in the
north and south directions using the average of the hydraulic gradients
measured in February and August, respectively, and an average effective
porosity of 35 percent. Because of the hetgrogeneity of the £ill, an
average hydraulic conductivity of 7.6 x 107~ cm/sec representative of the
residual or reworked soils was used, because it was assumed that these
lower permeability soils around the perimeter of the fill regulated
lateral flow toward discharge points. Using the above hydraulic conduc-
tivity, a porosity of 35 percent, and an average hydraulic gradient in
the south portion of the site of 0.013, linear ground-water velocity was
calculated as 0.008 ft/day (2.9 ft/yr). Using the same hydraulic conduc-
tivity and porosity average, shallow ground-water linear velocity toward
the north was calculated as 0.0043 ft/day (1.5 ft/yr). These linear
velocities are low, suggesting high residence time due to slow lateral
movement of ground water in the shallow saturated zone.

Assuming an average ground-water linear velocity of 0.0043 ft/day, total
ground-water discharge as base flow to the 900-ft segment of Marsh Run
Creek (i.e., 650 ft upstream of the NCAD access road crossing of Marsh
Run Creek) would be on the order of 70 gal/day. This discharge value,
wvhich appears low, is based on.the lower estimate of hydraulic conductiv-
ity of shallow soils 7.6 x 107~ cm/sec. The presence of lensoidal sands
in the vicinity of Marsh Run Creek may increase base flow volumes. Based
on the relatively low shallow ground-water contribution to streamflow, it
is evident that the increase in streamflow between SWS-2 and SWS-3 is
primarily attributable to deeper ground-water discharge from the bedrock
aquifer from both sides of the stream.

Conversely, the ground-water linear velocity in the bedrock aquifer

to the north at a nominal depth of 50 ft was calculated at 0.34 gt/day
(124 ft/yr) using an average hydraulic conductivity of 7.3 x 107 cm/sec,
effective porosity of 5 percent, and an average hydraulic gradient of
0.008. Although the variability of bedrock ground-water linear flow
rates compared to that of the overburden zone is an order of 2 magnitudes
greater, total ground-water flux volumes (i.e., volume of flow per unit
area of aquifer per unit head) is approximately the same for both zones.

Since lateral linear ground-water velocities in the unconsolidated over-
burden are slow, vertical migration of shallow ground water to deeper
zones through the clay layer is facilitated.

In light of the slow lateral, linear, ground-water velocity in the satu-

rated overburden, vertical migration of ground water from the saturated
overburden through the intervening clay layer into the bedrock aquifer
occurs.

To put this condition into perspective, a migration rate tgrough a

clay 2 £t thick with a hydraulic conductivity of 2.5 x 107~ cm/sec
(0.007 ft/day), a 30 percent effective porosity, and a 1l-ft hydraulic
head differential dissipated over the thickness of the clay was calcu-
lated at 0.01 ft/day (4.2 ft/year). Assuming the same hydraulic condi-
tions with the exception of using a 5-ft-thick clay, migration rates
were calculated at 0.005 ft/day (1.7 ft/year).
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It is evident from the above analysis that ground water could conceivably
migrate vertically through the underlying clay into the bedrock in less
than 1 year to several years (ultimately dependent on clay thickness and
hydraulic head differentials), whereas it would take many years for
ground water to migrate horizontally from a point in the landfill to a
surface water discharge point even if the total distance was several

tens of feet.

From the comparison of vertical migration rates, ranging from 1.7 to

4.2 ft/year, to the average horizontal migration rate in the saturated
overburden, ranging from 1.5 to 2.9 ft/year, and allowing for the larger
areal expanse of the underlying clay as compared to the relative thinness
of the saturated overburden, it is clear that more ground water in the
saturated overburden will revert to vertical migration to the bedrock
aquifer rather than ultimately reach surface water discharge areas.

To further illustrate the specific ground-water flow characteristics at
the site, the USGS three-dimensional MOD-FLOVW ground-water model was
utilized. The corresponding hydraulic conductivities and thicknesses
were assigned to the various hydrostratigraphic units as follows:

Hydraulic Conductivity Thickness

Hydrostratigraphic Unit (cm/sec) (ft)
Waste Fill (horizontal) 1 x 1072 6
Fill/Borrow (horizontal) 5 x 10_4 6
Bedrock (horizontal) 8 x 10_6 100
Clay Layer (vertical) 2.5 x 10 5 variable
Clayey Sand (vertical) 1 x 10 variable

The flow boundaries were established so that both the Susquehanna River
and Marsh Run Creek were assigned constant head boundaries relative to
the stream water elevation on 17 July 1989. With only these two areas
set at a constant head boundary and the hydraulic parameters and thick-
ness mentioned above, net infiltration values were varied to approximate
the observed heads on 17 July 1989. The best head match was obtained by
the application of 9 in. net infiltration (total precipitation - evapo-
transpiration and surface runoff) over the "waste fill" where the topog-
raphy was flat and 6 in. net infiltration over the steeper topography
surrounding the fill.

The thickness assigned the upper saturated zone was predicated on approx-
imate fill thickness encountered during monitoring well installation.

The bedrock aquifer was assigned 100 ft thickness as it is reported in
the technical literature that unconfined water-table flow in the Gettys-
burg Formation may occur to a depth of 100 £t (Wood 1980). The clay and
sandy clay lithology thickness was scaled off of the isopachous map
(Figure 3-14).

Typically, average annual net infiltration for the area is reported at

6 in. of recharge to the Triassic sandstone aquifers per year or about
200 gpm per square mile (Wood 1980). Higher values of 12 in. per year
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are reported for the general area of the lower Susquehanna River basin.
The good agreement between the model-generated potentiometric heads and
observed heads and a reasonable net recharge suggest that the hydraulic
conductivity and thickness values are relatively accurate. Appendix D
provides the model input parameters, head variances, and water balance
calculations. '

Once good agreement was achieved, the system was modeled for 1 day stress
periods for purposes of evaluating net ground-water recharge and dis-
charge volumes. Figure 3-21 illustrates the calculated flow conditions
and net discharge volumes to the Susquehanna and Marsh Run Creek, and
vertical leakages from the saturated overburden to the bedrock aquifer.

A summary of the model flow analysis, based on the aforementioned
parameters are as follows:

Net Recharge
Waste Fill: 9 in./yr (0.002 ft/day)
Elsewhere: 6 in./yr (0.0014 ft/day)
Total ground-water recharge volume per day (over site area) 16,050 gal

Net Discharge from Saturated Overburden
To Susquehanna River: 34 gpd
To Marsh Run Creek: 218 gpd

Leakage from Saturated Overburden to Bedrock Aquifer
(over site area): 15,798 gpd

Net Discharge from Bedrock Aquifer
To Marsh Run Creek: 2,602 gpd
To Susquehanna River: 13,196 gpd

It is apparent from this analysis that of the net ground-water recharge
available to the site about 2 percent is discharged to the Susquehanna

or Marsh Run Creek via lateral ground-water flow in the saturated over-
burden/fill. The remaining 98 percent migrates vertically through the
clay layer into the bedrock where it reverts to flow towards the Susque-
hanna River or to a lesser degree towards Marsh Run Creek. Approximately
83 percent of the total water leaked through the clay is discharged to
the Susquehanna and the remaining 17 percent to Marsh Run Creek.

Examination of the potentiometric contours of bedrock wells suggests
that recharge to Marsh Run Creek is occurring at a 50-ft depth in the
aquifer. At greater depth it is anticipated that underflow to the east
and north beneath Marsh Run Creek is occurring. The depth at which the
radial flow dissipates to the point where regional flow (i.e., from south
to north) prevails is uncertain. Based on estimated base flow to Marsh
Run Creek, the transmissivity of the average aquifer system dischaEging
to Marsh Run Creek in the vicinity of the site is 4,327 gal/day/ft”..
Comparison of the aboye transmissivity to the average bedrock hydraulic
conductivity 7.3 x 10" cm/sec (15.5 gal/ft™) suggests that to a depth of
at least 230 ft ground water is discharged to Marsh Run Creek. This
assumes aquifer homogeneity, where in fact isolated zones of higher
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hydraulic conductivity (greater fracture interconnectivity) may dispro-
portionately influence discharge volumes to the stream. Nonetheless, it
is reasonable to assume that to a depth of 50 ft all ground water south
of the ground-water flow divide beneath the site is discharged to Marsh
Run Creek.

The movement of ground water within and between the two distinct hydro-
geologic zones comprises the mechanism whereby site-derived contaminants
will migrate. Based on the data generated from the field investigation
and a ground-water flow model utilizing the USGS three-dimensional
MOD-Flow numerical ground-water flow model, the following assumption of
ground-vater flow mechanisms at the site are summarized as follows:

. Nearly all of the water that infiltrates Marsh Run Field (i.e., 98
percent) will ultimately migrate vertically into the bedrock aquifer.
A small portion (i.e., near the edge of the fill adjacent to Marsh Run
Creek) will migrate laterally and discharge to Marsh Run Creek. 1In
effect, the fill material serves as a source and ground-water storage/
recharge area for the bedrock aquifer. Consequently, only ground
water in the saturated overburden very near the surface water dis-
charge points will ever reach these discharge areas via horizontal
migration. Saturated overburden ground water further from these dis-
charge points (i.e., in central portion of the landfill) will most
likely migrate vertically into the bedrock aquifer.

. The dominant flow pattern of ground water in the bedrock aquifer
beneath the site is to the north towards the Susquehanna River.

. The position of the ground-water mound within the fill and the result-
ing flow divide position (i.e., apex of mound) dictates the respective
direction of ground-water flow either to Marsh Run Creek or the Sus-
gquehanna River in the saturated overburden. Specifically, the mound-
ing of ground vater within the fill alters the regional south-to-north
ground-wvater flow patterns.

. Marsh Run Creek serves as a hydraulic barrier which prevents ground
water beneath Marsh Run Field from underflowing Marsh Run Creek to
the east or to the south.

. The presence of the natural hydraulic barrier (Marsh Run Creek) and
the topographically higher elevations to the southeast and east of the
site further prevent potential migration of ground water from beneath
the site to existing residences along Marsh Run Road. In order to
induce ground-water flow towards the residences located southeast
and east of the site, the potentiometric levels at the residences
and extending toward Marsh Run Creek would have to be lowered in
excess of the leakage capacity of Marsh Run Creek to the bedrock
aquifer. Based on present or plausible future use, such a scenario
is highly unlikely.

3-25



4., NATURE AND EXTENT OF CONTAMINATION

The following sections discuss the findings of the chemical analysis of
the Marsh Run Field ground and surface water, subsurface and surficial
soils, and sediments. The environmental and health impacts and signifi-
cance of these concentrations are discussed in Chapter 6.

In keeping with EPA guidance, a sample concentration associated with the
sampling events in question had to be greater than 5 times the associated
trip or rinsate blank concentration, or greater than 10 times common lab-
oratory contaminants or 5 times the contaminants in the associated method
blank, in order to be considered a valid value. Concentrations of com-
pounds not meeting this criteria are flagged in the accompanying tables
with an "S" when compared to trip and rinsate blanks or with an "M" when
compared to method blanks. Also in keeping with EPA guidance, the cri-
terion that laboratory method blanks contain less than 5 times the con-
tract required detection limits (CRDLs) for common laboratory contami-
nants (methylene chloride, acetone, and toluene) and less than the CRDL
for all other list compounds was applied.

4,1 NATURE AND EXTENT OF CONTAMINATION IN THE SOIL

4.1.1 Volatile Organic Compounds (VOCs) in Soil Samples

Volatile organic compounds (VOCs) detected in the soil samples collected
during the installation of monitoring wells are listed in Tables 4-1 and
4-2 for Phase I and Phase II monitoring well installation, respectively.
As previously discussed, volatile organic concentrations were "flagged"
if the respective contaminant was also detected in the field, trip (field
sampling quality control), or internal laboratory quality control method
blanks associated with the sample. The only positively identified vola-
tile organic compounds detected in the Phase I soil samples were acetone
and methylene chloride. Methylene chloride was detected as 120 ug/kg

in MW-5A, S-5 (Dup), which was collected at 8-10 ft depth (below water
table) and in MW-4, S-4 (4-6 ft depth), at 41 ug/kg. Acetone was
detected in soil samples MW-4A, S-1 (0-2 ft depth) and MW-4, S-1, and

S-2 (0-4 ft depth) at 15, 27, and 30 ng/kg, respectively. Although
methylene chloride and acetone were not detected in either field, rin-
sate, or laboratory method blanks, they are very common laboratory con-
taminants. These two volatile compounds are common compounds used in
sample extraction and labware cleaning. During soil sample preparation,
airborne concentrations of the compounds typically show up in soil matrix
analysis. Consequently, these two volatile compounds should be flagged
as questionable and regarded with skepticism.

During the Phase II monitoring well installation, methylene chloride

and acetone were again detected. In particular, methylene chloride was
detected in every soil sample collected, ranging in concentration from 5
to 23 ug/kg. Based on normalization criteria, these sample concentra-
tions should be regarded with scrutiny due to similar levels found in the
associated laboratory method blank or trip blank analyzed along with the
samples. Acetone was detected in all samples collected from MW-2, with
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TABLE 4-1

L

SUMMARY OF VOLATILE ORGANIC COMPOUND ANALYSIS OF SOIL SAMPLES COLLECTED DURING PHASE I MONITORING WELL
INSTALLATION (pg/kg)

MW-5

or Unknowns{(a)l]

CQL(b)
Compounds (#g/kg)
Methylene Chloride 5 u
Acetone 10 u
Tentatively
Identified
Compounds

(11

$-1 8-2 5-3 s~4 S-5

(11

{11

.

(a) Total number of unknown compounds detected in peak library search.

{b) Compound Certified Quantification Limit (CQL).

U = Compound analyzed for but not detected.
soil samples only).

MW-5a Rinsate Trip

5~-5 Blank Blank
S-1 S$-3 S-5 Dup $1 #1
u U U u u u
u u U 120 U i)

(1}

Sample quantification limit corrected for dilution

Mw-1

MW-4A

S—-1 5-2 S$-3 5-4 5-6

and percent moisture

S—-1 $-3 sS-6

u U u
U 4) u

(for



TABLE 4-1 EXTENDED

Compounds

Methylene Chloride

Acetone

Tentatively
Identified

Compounds
or Unknowns[(a)]

MwW-4

-3

Trip
Blank

#2

Rinsate
Blank

#2



TABLE 4-2 SUMMARY OF VOLATILE ORGANIC COMPOUND ANALYSIS OF SOIL SAMPLES COLLECTED DURING PHASE II MONITORING WELL
INSTALLATION (pg/kg)

(b) MW-2 Trip MW-6A MW-6 MW-T72 Trip MW-7 Trip
CQL s-1 Blank Blank s-2 Blank
Compounds (pg/kg) S-1 Dup S-2 S-3 S-4 S-5 $7 s-1 S-3 s-4 S-1 -2 s-3 s-4 s~1 S-3 sS-4 {8 S-1 8-2 Dup S-3 S-4 S-~5 9
Methylene
Chloride 6 11 8 9 10 53 11 U 17BS 24Bs 23BS 6S 5Js 7Js 6S 15BS 19BS 17Bs 5J 6JS 6JS 53S 6Js 10s 140s 73
Acetone 12 u U 56 69 66 25 U u u u U U U u u u U u 37 U U‘ u u U u
Carbon
Disulfide 6 U U 4J u U u U U u U u u U u U U U u u u U u U U U
1,2-Dichlo~
roethene
(total) 6 u u 1J U U U u u U u u u U u u U u u u u U U u U U
Tentatively
Identified
Compounds

or Unknowns([{a)}]

Total number of unknown compounds detected in peak library search.

Compound Certified Quantification Limit (CQL).

Compound detected in method blank.

Estimated value (below Certified Quantification Limit}).

Compound detected in sample at <5 times the concentration detected in associated trip or rinsate blank.

Compound analyzed for but not detected. Sample quantification limit corrected for dilution and percent moisture (for
soil samples only).
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the exception of $-1 (0-2 ft), at concentration levels ranging from 25 to
69 ug/kg. Due to nondetectable concentrations of acetone in any blanks
associated with MW-2 samples, the detected acetone concentration values
are reported in Table 4-2 and were.not flagged as questionable. Nonethe-
less, acetone at levels detected in the soil samples is suspect and
should be regarded with scrutiny. Very low levels of carbon disulfide
and 1,2-dichloroethene were detected in MW-2, S-2 (2-4 ft) at concen-
trations of 4 and 1 ug/kg, respectively.

In summary, volatile organic contaminant patterns in the soil were not
evident at the site. MW-2, which is at the edge of the "waste fill,"
exhibited very low levels (near the instrument detection limit) of the
volatile compounds carbon disulfide and 2-dichloroethene. Acetone, being
a typical laboratory artifact, was detected at MW-3, MW-5A (offsite), and
MWV-4 (onsite) at similar concentration levels. Volatile organic compound
contamination of the soils within the site boundaries but outside of the
"waste £i1l" and outside of the site boundaries does not appear to be a
problem.

4.1.2 Semivolatile Compounds in Soil Samples

Tables 4-3 and 4-4 summarize the semivolatile compounds detected in soil
samples collected during the Phase I and Phase II monitoring well instal-
lations, respectively. Low-level semivolatile compounds were detected in
Phase I primarily in offsite soil samples collected from monitoring well
borings MW-5 and MW-5A. The highest variety of semivolatile compounds
was detected in MW-5 and MW-5A (>20 compounds). Most of the samples
collected from these borings were from fill made up largely of asphalt.
Specifically, many of those compounds detected comprise a group of semi-
volatiles known as polynuclear aromatic hydrocarbons (PAHs). PAHs are
ubiquitous in the environment and are many times the results of oil
spillage and are also common coal tar pitch constituents. Low concentra-
tion levels of semivolatiles were also detected, but in much less variety
(mostly PAHs) in onsite wells MW-1, MW-4, and MW-4A, all of which were
near or below contract reporting limits (CRL). Semivolatile compounds
detected above the CRL but at relatively low levels were 2-methyl nap-
thalene, phenanthrene, fluorene, pyrene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, and benzo(a)pyrene, at maximum concentrations of
3.0, 1.9, 2.5, 3.4, 1.7, 2.2, 2.2, and 1.8 mg/kg, respectively (i.e.,
total PAH concentration of 16.9 mg/kg). All of the aforementioned
compounds, except benzo(b)fluoranthene, were detected in soil samples
collected from MW-5. The aforementioned compounds are reported as ug/kg
in Tables 4-3 and 4-4 (i.e., parts per billion rather than parts per
million).

Phase II soil samples collected from MW-2, which is near the "waste f£ill"
boundary at the eastern edge of the fill, were found to contain a variety
of semivolatile compounds above contract reporting limits. The semivola-
tile compounds phenanthrene and fluoranthene were detected in MW-2, S-1
(0-2 ft) at concentration levels in excess of 1,000 mg/kg. The uppermost
sample collected from MW-2, Sample 1 (0-2 ft), exhibited the highest
concentration of semivolatile compounds detected onsite. In addition

to the previously mentioned semivolatiles, napthalene, dibenzofuran,
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Total number of unknown compounds detected in peak library search.
Compound Certified Quantification Limit (CQL).

Compound found in method blank.
Estimated value.

Compound analyzed for but not detected.
soil samples only.

—~— —

Sample gquantification limit

TABLE 4-~3 SUMMARY OF SEMIVOLATILE COMPOUND ANALYSIS OF SOIL SAMPLES COLLECTED DURING PHASE I MONITORING WELL INSTALLATION (wg/kq)
(b) MW-5 MW-52 Rinsate Mw-1
CQL S~5 Blank
(ug/kg) S=1 S-2 5-3 S—4 S-5 s-1 s-3 S-5 Dup 1 s-1 s-2 s-3 5-4 S-6
SEMIVOLATILES
Phenol 1,200 U U u u u u U u U U U U U u u
Dibenzo(a,h)Anthracene 1,200 U U U 5903 U 4203 u U U U u u u U U
Ideno(l1,2,3~cd)Pyrene 1,200 u U U 1,1003 u 9803 2007 u u U ] U U u U
Benzoic Acid 1,200 2203 3403 3003 2603 4403 2803 3903 390J 460J U 120 2503 3103 3803 230J
bis{2-ethylhexyl)phthalate 1,200 u U 2003 1403 U 1403 u U 3603 U u u u u U
Napthalene 1,200 u U U 2603 u 2107 U u 4] u U U U U u
2-Methylnapthalene 1,200 U u u 3,000 U 2,600 4507 U u U 520 U 2603 5,400 U
Acenaphthylene 1,200 U u u 1503 u 1403 U u U u i} u u u i)
Fluorene 1,200 u u U 1403 u 1203 U U U U U U U u U
Phenanthrene 1,200 U u U 1,900 U 1,600 4607 U u U u u U U U
Anthracene 1,200 u U u 2703 u 2503 U u 1] u U u u U u
Di-n~butyl phthalate 1,200 U u u 1303 u u U u U u U u U U U
Fluoranthene 1,200 U u u 2,500 U 2,300 570J U u u ] U U u U
Pyrene 1,200 u 4] U 3,400 U 2,900 960J u U U U u U U u
Benzo(a)Anthracene 1,200 1] U U 1,700 U 1,600 U U U U U u U u U
Chryzene 1,200 u U U 2,200 U 2,100 5103 U U U u U u u U
Benzo(b)Fluoranthene 1,200 u i U 1,600 U 2,200 5603 u U U u U U u U
Benzo(k)Fluoranthene 1,200 U u U 1,2003 U U u U U u U U U U U
Benzo(a)Pyrene 1,200 u §] U 1,800 3603 1,700 4203 2503 U U u u u U u
Benzo(g,h,i)Perylene 1,200 u u u 190J U 1,200 280J u U U u u U U u
Tentatively Identified Compounds {81 1[4] [51 {71 {13] {101 {71} [5] [61}] (31 {31 [1]) [5]1 [71 [2]
or Unknowns{(a)}
Hexanedoic acid, dioctyl ester 6507
Elemene 6203
Hexatriacantane 1,6003
1-Hexadecene 2,8003
11 H-benzo[a]Fluorene 8507
1,2-Benzene dicarbo oxylic acid,
dibutyl ester 1,7003
Phosphoric acid, dioctadecyl ester 6,500J 77,3003
2-Hexen-1-01¢(2) 910J 8603 7107
Hexadecanol 7503
l-Tetracosanol 3,8007
2,2,4~Trimethyl 1,3-Dioxolene 4907
4-Methyl-decane 6007
Decane 1,3003
2,10-Dimethyl-undecane 6203
1,1-bis(dodecyloxy)-hexadecane 4603

corrected for dilution and percent moisture (for



TABLE 4-3 EXTENDED

MW-4A Mw-4 Rinsate
S5-3 Blank
s-1  S$-3 5-6 s-1 5-2 s-3  5-4 $-6  Dup #2
SEMIVOLATILES
Phenol U u U U u U U U 0] U
Dibenzo{(a,h)Anthracene U U U i 1] U U u U U
Ideno(1,2,3-cd)Pyrene u U u u U U u 1§ u u
Benzoic Acid 4203 2203 2407 2803 2303 u U U u U
bis{(2-ethylhexyl)phthalate U u u u u u u U 130J u
Napthalene u u u u U U u U u u
2-Methylnapthalene 1,400 u U 1,1003 U U u u u U
Acenaphthylene U u U u u u u u u u
Fluorene u U u U u U U u U U
Phenanthrene 1603 u U 2003 u U U U u u
Anthracene U u U U U U u U U U
Di-n-butyl phthalate u u i) u U U u u U u
Fluoranthene 2403 U U 2703 u u u u U u
Pyrene 2000 u U 21037 u 4] u U U U
Benzo{(a)Anthracene u u u u u U u 1 u u
Chryzene U U ] 4] u U 1] U u U
Benzo(b)Fluoranthene 1900 u U U i u U U U U
Benzo(k)Fluoranthene U U u i 1] u u U u U
Benzo(a)Pyrene u U u u U u U u u u
Benzo(g,h,i)Perylene u U U U u u U U u U
Tentatively Identified Compounds [71 [2] [2] {71 [4} [1] [31] [21 [21 [3]
or Unknowns[(a}]
Octadecanol 1,300J
2-Hexan—-1-01 640J
Tetradecanol 4803
Phosphoric acid dioctadecyl ester 9,300J 3,100%

Hexanoic acid, é6-amino 870J



= Compound analyzed for but not detected.

Total number of unknown compounds

detected in peak library search.

Compound Certified Quantification Limit (CQL).

Compound found in method blank.
Estimated value.

Compound detected in sample at <10 times concentration of common laboratory contaminant or

of other laboratory compounds detected in associated method blank.

soil samples only).

at <5 times concentration

Sample guantification limit corrected for dilution and percent moisture (for

} } } j ) ) ! j ) ) ; ) I ) ! ) )
TABLE 4-4 SUMMARY OF SEMIVOLATILE COMPOUND ANALYSIS OF SOIL SAMPLES COLLECTED DURING PHASE II MONITORING WELL INSTALLATION (vg/kg)
CQL Mw-2
(s-1, s-1
Dup, and MW-2 (b) MW-62
5$~2 only) s-1 CQL
(vg/kg) s-1 Dup 5-2 5-3 s-4 $-5 (ug/kg) $-1 sS-3 s—4
Napthalene 50,000 120,000 47,000 13,0060 i) 990J 8203 1,200 u u u
2-Methylnaphthalene 50,000 77,000 17,0000 17,000 u 4603 4007 1,200 U U U
Dibenzofuran 50,000 170,000 31,0003 77,6003 U 1,0005 900J 1,200 u u 1)
Acenaphthene 50,000 200,000 34,0000 5,9003 u 1,400 1,300 1,200 u U u
Fluorene 50,000 280,000 51,000 6,3000 u 1,500 1,300 1,200 U U u
Phenanthrene 50,000 1,200,000 250,000 63,000 u 8,600 8,000 1,200 u U U
Anthracene 50,000 410,000 70,000 14,000 U 2,300 2,200 1,200 U U u
Fluoranthene 50,000 1,100,000 280,000 79,000 u 8,100 7,000 1,200 U u U
Pyrene 50,000 790,000 210,000 58,000 U 5,600 5,000 1,200 U u u
Benzo{a)Anthracene 50,000 500,000 120,000 40,000 u 3,500 3,000 1,200 u u U
bis(2~ethylhexyl}phthalate 50,000 3,4003 U U U 1703 2103 1,200 u U u
Chrysene 50,000 450,000 110,000 42,000 U 3,800 3,000 1,200 U U U
Benzo(b)Fluoranthene 50,000 350,000 86,000 35,000 u 2,500 2,000 1,200 U U 14}
Benzo(k)Fluoranthene 50,000 230,000 77,000 36,000 U 2,700 2,100 1,200 i U U
Benzo(a)Pyrene 50,000 350,000 91,000 37,000 U 3,000 2,400 1,260 U u U
Indeno(1,2,3-cd)Pyrene 50,000 160,000 49,000 22,000 u 1,600 11,2003 1,200 u u U
Dibenzof{a,h)Anthracene 50,000 55,000 28,0003 u u U U 1,200 U u U
Benzo{g,h,i)Pyrene 50,000 150,000 48,000 23,000 U 1,600 11,2000 1,200 U U u
4-Methylphenol 50,000 U 2,2003 1,5003 u U u 1,200 u U u
Benzoic Acid 250,000 U u U 4103JBM 590JBM 560JBM 6,000 U U u
Di-n-butyl phthalate 50,000 u U U 1907 4303 1607 1,200 U U U
Diethylphthalate 50,000 U U i u 1703 u 1,200 u u u
Tentatively Identified Compounds [101] [71 [19] [8] {14] [16] [31] {51 [41}
or Unknowns{({(a)]
4-Methyldibenzofuran 39,0007
4 H-Cyclopenta(def)phenanthrene 35,0003
Benzo{e)Dyrene 130,000J
1,2-Dimethyl Benzene 77,6007
Hexadecanoic acid 6707 1,800J 4403
1,2-Propanediol 3,7003 4,5003 3,700J
2—-(2-bitoxyethoxy)—,acetate 8903 2,600J 4703
Ethanol(2-methoxyethoxy) 6407
Formamide N,N-dimethyl 5403 5807
Phosphoric acid 3,7003



3-Eicosene
Phosphoric acid
l-Datriacontanol

5,5007

8,700J

5,400J

] 1 j ) ) } j 1 I 1 } ] J }
TABLE 4-4 EXTENDED
MW-6 MW-~-7A MwW-~7
5-2
5-1 5-2 s-3 _s-4 $-1  s-3 s5-4 S-1 s-2  Dup $-3  5-4 5-5

Napthalene U u U U U u U i u U U u U
2-Methylnaphthalene U u u u u U u u U u u U U
Dibenzofuran U u u u u u u u U u U U U
Acenaphthene U U u U u U U u U u u U u
Fluorene U U U u u u U U u U u u U
Phenanthrene 3303 U u u u u U §] U u U U u
Anthracene u U u U u U u U 4 U u U u
Fluoranthene 5603 U u u u U u U U u U u u
Pyrene 3703 u U u 1303 u U U U u u U u
Benzo(a)Anthracene 2503 u u ¢] u u U u U U U u ¢)
bis(2-ethylhexyl)phthalate U U U U U U U U U 1203 U u u
Chrysene 2703 U U U U U u u u U U U u
Benzo(b)Fluoranthene 2200 U u U u U u U u U U U U
Benzo{k}Fluoranthene 2000 U u u U U u i U u U U U
Benzo({a)Pyrene 2400 U u U u U U u u u u U U
Indeno(l,2,3-cd)Pyrene 1300 U U U U u u u i U u u U
Dibenzo(a,h)Anthracene u U v u u U u U U U u U U
Benzo{(g,h,i)Pyrene 1403 i U U u 1] U ] i u u i U
4~Methylphenol U u U u u u u U U U U U U
Dibenzofuran 1,7003 u U 5,5000 u u U u u u u u u
Benzoic Acid u u u U U u U u U 180J 1903 U U
Di-n-butyl phthalate u u u u U u U U 2303 1407 U 1307 U
Diethylphthalate U U U i} U U U U u U u U U
Tentatively Identified Compounds [S] 5] (3} [4] [41 [3]1 131 [21] {31 [6] {10} (5] [7]
or Unknowns[(a)]

Hexadecanoic acid 4403 7103 1,6003 1,2007 620J 4703

1,2~Propanediol 1,4003 2,0000 32,0007

2-(2-bitoxyethoxy)-,acetate 6207 560J 6703

Formamide N,N-dimethyl 5703 5703 4403 7403 6903

Tetrateracontane 6103

1-0Octadecene 2,100

Propanoic acid 2-methyl 7403
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acenapthene, fluorene, anthracene, pyrene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno
(1,2,3-cd)pyrene, and benzo(g,h,i)pyrene were all detected at levels in
excess of 100 mg/kg. Samples collected from MW-2 from depths near the
surface to a depth of 10 ft were found to have concentration levels of
semivolatile compounds several to over 100 times higher in concentration
than those found elsewhere onsite or offsite. 1In general, detectable
concentrations of semivolatile compounds decreased with increased sample
depth in MW-2. Concentrations of semivolatiles decreased one to two
orders of magnitude between 0-2 ft and 8-10 ft. At the 10-ft depth in
MW-2, S-5 concentration levels of semivolatiles were similar (within one
magnitude) to those detected at other locations both onsite and offsite.

No criteria for semivolatile contamination in soils exist. Most semi-
volatiles in the PAH group are not particularly water soluble and there-
fore typically not mobile in ground water.

In summary, with exception of MW-2, low-level concentrations (usually
below contract reporting limits) were detected both onsite at the periph-
ery of the "waste fill" and offsite where other fill has been placed.

The highest levels of semivolatile concentrations were obviously dis-
tributed in the upper 5-6 ft of MW-2 which was the closest boring to the
"waste fill" sampled. The family of semivolatiles known as PAH was com-
mon onsite in boring MW-2 and offsite in MW-5, MW-5A. A discernible
pattern of semivolatile distribution is that it is primarily restricted
to the upper fill onsite and concentration levels dissipate rapidly awvay
from the waste fill. The presence of low concentration levels offsite in
MW-5 and MW-5A have been attributed to the nature of the fill material
(asphalt) placed at this location for subsequent perimeter road construc-
tion. The presence of the higher concentration and more diverse com-
pounds located onsite in the vicinity of MW-2 reflect the chemical nature
of the material proximal to the boring. The rapid decrease in concentra-
tion levels with increased depth indicates that the relatively immobile
semivolatile constituents are primarily restricted to the fill. The
presence of low concentration levels of semivolatile compounds offsite
indicates that allocthonous fill material placed as a result of depot
development facilitates a random distribution of these low-level semi-
volatile constituents in the area outside the site boundaries.

4.1.3 Trace Metal Concentrations in the Soil

Due to the relative absence of in situ soil that has been neither re-
worked nor filled upon, a true background concentration of trace metals
in the soil was difficult to establish. Natural soils in the immediate
area have been reworked or mixed with other fill materials.

The area in the vicinity of monitoring well borings MW-7, MW-5, MW-5A,
MV-6, and MW-6A has been filled with material ranging in thickness from
2.5 to 6 ft. Subsequently, natural soils underlying the fill may have
potentially been impacted by leaching of trace metals, as well as other
constituents, from the fill to deeper soils. Consequently, the compari-
son of onsite trace metal to offsite trace metal concentrations in the
soil was the only method available for evaluating distribution patterns
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of trace metal contamination. Metal concentrations in soil samples were
identified as elevated relative to (1) the metal concentrations in onsite
soils when compared to offsite soils, (2) anomalous concentration of
metals in soil samples when compared to a range of consistent metal con-
centration in soil samples throughout the project area, and (3) anomalous
metal concentration occurrences within a particular boring (i.e., high
concentration in soil sample sandwiched between two lower concentra-
tions).

Tables 4-5 and 4-6 list the concentrations of trace metals detected
from the Phase I and Phase II soils collected during monitoring well
installation.

Arsenic showed no discernible distribution pattern either onsite or
offsite. Concentration ranges were detected from 1.7 to 30.7 mg/kg in
soil samples MW-7, S-3, and MW-6, S-1, respectively.

Barium was detected at elevated levels in soil samples collected from
MW-2. 1In particular, MW-2, S1 and MW-2, S1 (Dup) were found to contain
levels of 1,400 and 719 mg/kg, respectively.

Cadmium was not detected in significant concentrations, with a maxi-

mum soil concentration detected in offsite soil sample MW-7, S-5 at

4.5 mg/kg. In general, cadmium concentrations in soil samples collected
from MV-7 were higher than those from other borings. Cadmium concentra-
tions in the soil ranged from below the detection limit to 4.5 mg/kg.

No pattern of chromium distribution was evident. Chromium was detected
across the project area from 12.0 to 70.2 mg/kg in sample MW-4A, S-1,
and MW-2, S1, respectively.

Copper was detected in elevated concentration levels of as high as

1,970 mg/kg in MW-2, S-1; 1,360 mg/kg in MW-2, S-1 (Dup); and 639 mg/kg
in MW-2, 5-3, indicating a significant concentration above the concentra-
tion range encountered elsewhere of below detection limit to 30.7 mg/kg
(MW-1, sS-1).

Lead was also detected at elevated levels of 1,140, 671, 279, and

236 mg/kg in MW-2 samples S-1, S-1 (Dup), S-2, and S-4, respectively.
Elsewvhere lead concentration ranged from 1.3 to 43.5 mg/kg (MW-54, S-5
and MW-1, S-1).

Mercury, although below detection limits in most instances, was detected
at concentration levels of between 0.14 to 0.74 mg/kg in soil samples
collected from monitoring well boring MW-2.

Silver was also detected only in MW-2 soil samples at concentrations
between 19.3 and 33.8 mg/kg.

Zinc was also detected at elevated concentration levels in MW-2, between

55.6 and 2,110 mg/kg compared to the concentration range detected else-
where of between 31.5 and 101 mg/kg.

4-4




TABLE 4-5

[

SUMMARY OF METALS ANALYSIS OF SOIL SAMPLES COLLECTED DURING PHASE I MONITORING WELL INSTALLATION (

mg/kq)

MW-5 MW-5a Rinsate MwW-~1
sS-3 Blank

Parameter S-1 5~-2 S~3 S—-4 S-5 S-1 5-3 sS-5 Dup $1 s-1 S-2 5-3 S—-4 S5-6

Aluminum 9,750 10,600 8,510 13,300 14,600 14,200 8,800 12,300 16,900 U 11,900 16,100 19,000 10,900 14,900
Antimony U U u 8.1 U 7.0 U U U U U u u u u
Arsenic 2.9s 14.3 8.0s 7.95 13.7 17.8 11.7 10.3s 20.0 2.2 8.9 16.4 22.6 12.0 5.1
Barium 73.9 69.1 39.3 82.7 100 46.9 43.2 72.7 123 U 154 120 46 .4 47.9 124
Beryllium U 0.64 0.37 1.6 0.66 0.47 0.56 0.57 0.80 u 0.45 0.82 0.78 0.67 0.95
Cadmium 1.1 U 0.68 0.96 0.69 0.80 U 0.64 U u 0.91 U u 0.83 0.51
Calcium 12,900 1,930 542 989 769 24,100 973 1,010 1,010 58.6 1,440 890 1,450 1,250 3,110
Chromium 13.4 17.4 14.1 23.8 18.0 16.0 14.0 17.3 17.9 U 19.2 14.7 23.9 18.5 32.5
Cobalt 9.1 11.1 13.7 19.3 8.1 9.7 13.7 9.6 13.6 U 13.0 11.1 19.9 17.3 19.2
Copper 14.2 8.9 2.8 6.4 5.1 15.6 5.6 7.4 8.0 u 30.7 4.5 17.7 14.3 4.2
Iron 15,300 15,800 11,800 21,700 13,100 23,500 12,600 13,800 14,700 62.6 24,700 18,300 35,300 24,900 28,200
Lead 43.5 32.7 7.38 12.5 7.08 20.1 2.7s 1.3s 2.1s 1.8 25.5 11.7 18.1 13.3 23.3
Magnesium 5,070 3,140 2,200 2,710 2,620 2,940 3,070 2,490 4,130 u 2,700 2,580 4,270 3,020 6,730
Manganese 542 424 118 469 176 447 233 186 271 u 1,090 1,090 423 828 785
Mercury u u U U U u u U U u u U U u U
Nickel 15.8 18.9 12.0 19.2 15.1 18.1 19.2 16.9 25.1 U 22.0 20.6 25.4 23.3 35.5
Potassium 749 574 534 651 787 839 617 730 673 u 787 911 1,140 816 2,870
Selenium u U U U u U u u u u u U U U u
Silver U U u u U U U u U U U u U U u
Sodium 80.1s 47.6S 90.6S 106s 134s 43.5s 87.85 105s 137s 344 57.0 56.5 56.8 48 132
Thallium u u U U U U u u U u u U U u U
Vanadium 18.4 21 18.0 30.2 23.1 20.8 15.0 19.5 u U 20.0 18.9 43.9 33.9 1919
zZinc 101s 768 35.8s 59.98 49.9s8 85.5s 47.2s 45.18 51.9s8 30.1 69.4 62.7 66.8 72.9 72.8
Boron 3 u u u u u u u u u U u u U U
Molybdenum U u u u U U U U u U U U u 4] U
Silicon 619s 871 413s 626S 695 463s 837 5828 990 130 895 883 1,220 510 411
S Indicates compound detected in sample at <5 times the concentration detected in associated trip or rirnsate blank

[=]
b on

Below detection limit
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TABLE 4-5 EXTENDED
MW-4A MW-4 Rinsate
S-3 Blank

Parameter 5-1 5-3 S5-6 5-1 52 S-3 S—-4 S~6 Dup #2

Aluminum 14,000 10,100 7,830 13,400 14,800 11,900 8,870 10,800 10,100 110
Antimony u U U [§] u U U 12.4 9.2 U
Arsenic 14.8 7.5 8.3 15.4 15.6 14.2 14.1 10.7 6.8 u
Barium 184 73.5 56.6 130 141 71.7 57.1 147 79.4 u
Beryllium 0.86 0.49 0.49 0.72 0.88 0.62 U 0.70 0.33 u
Cadmium 0.76 U u u U 0.72 U u u u
Calcium 819 1,340 1,440 647 1,030 862 1,050 1,950 950 U
Chromium 12.0 17.0 15.4 12.7 15.6 16.9 17.1 19.2 14.4 u
Cobalt 10.0 14.2 13.9 10.2 9.1 18.7 2.7 14.6 12.4 u
Copper 4.4 13.5 11.9 4.0 9.5 14.3 13.8 u 14.8 u
Iron 16,700 22,500 22,100 18,100 18,100 26,500 20,800 20,500 22,100 U
Lead 13.7 13.2 11.4 14.6 17.1 13.6 11.1 15.0 12.0 1.8
Magnesium 1,850 4,450 3,240 1,840 2,070 3,370 3,800 5,980 2,740 U
Manganese 962 591 764 1,440 1,650 819 450 861 671 6.8
Mercury 0.13 u u U U u u U u 0.39
Nickel 19.0s 20.7s 20.5s 19.0s 21.5s8 23.6S 20.65 35.65 21.58 24.4
Potassium 589 651 800 698 749 1,170 1,030 2,440 . 914 U
Selenium U U u U v U U u u u
Silver u 1) U u U u u U U u
Sodium 43.2s 61.2s 60.98 54.3s 42.9s 59.1s 71.4s 298s 2535 307
Thallium U U u U U u U U U U
Vanadium 15.1 31.4 31.2 17.3 19.2 27.9 30.0 15.6 27.3 u
Zinc 54.65 55.4s 43.8s 55.8s 75.4s 52.5s 54.95 63.458 57.4s8 18.7
Boron U U u u U u u U U U
Molybdenum u u u i u U u U u U
Silicon 592 541s 745 758 538s 719 572s 494s 4258 117
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TABLE 4~6 SUMMARY OF METALS ANALYSIS OF SOIL SAMPLES COLLECTED DURING PHASE II MONITORING WELL INSTALLATION (mg/kg)
MW-2 MW-6A MW=-6
s-1
Parameter 5~1 Dup S5-2 5-3 S-4 S~5 5—-1 S-3 5~4 S5-1 5-2 5-3 S5~4
Aluminum i1,%00 11,200 19,500 17,700 16,800 16,300 13,400 16,700 11,200 17,600 17,400 17,300 7,060
Antimony U u U U u 7.6 U 9.1 U U i} U U
Arsenic 14.4 8.4 10.9 11.6 11 4.8 11.1 4.4 5.6 30.7 19.4 15.9 12.9
Barium 1,400 719 351 143 283 336 43.5 108 61.3 188 97.6 81.1 34.0
Beryllium 0.96 0.59B 1.2 1.1 0.76 2.3 0.27B 0.89 0.49B 1.1 0.99 0.78 1.1
Boron 14.4 U u u U u U U U u U U U
Cadmium 2.0 0.79 u U U u u [4) u u u U 0.51
Calcium 29,000 9,290 25,700 3,460 5,420 3,520 1,350 922 920 18,500 1,780 1,760 822
Chromium 70.2 47.4 30.8 21.5 28.3 23.8 13.4 19.6 13.5 13.0 32.7 19.0 13.2
Cobalt 9.6 7.9 10.2 8.0 9.0 22.6 11.3 10.7 6.6 9.1 8.1 6.4 4.6B
Copper 1,970 1,360 639 10.0 431 27.1 11.9 15.1 9.3 17.2 14.7 13.2 10.2
Cyanide 0.3 0.1 u 0.1 u u u u u 0.1 u U U
Iron 38,500 41,700 25,500 44,300 32,900 42,000 25,000 26,900 12,900 24,000 34,500 27,000 22,500
Lead 1,140 671 279 22.2 236 22.2 15.5 15.9 9.8 26.1 15.7 1.4 9.4
Magnesium 12,100 3,250 10,000 1,650 1,840 4,140 2,310 3,330 2,440 3,940 2,850 2,880 1,340
Manganese 590 540 624 282 261 2,480 253 96 .8 43.5 962 106 58.8 41.7
Mercury 0.74 0.34 0.21 0.14 u 0.20 u u U 0.17 U U U
Molybdenum 7.2 2.4 4.3 u u U i u U u u U U
Nickel 28.6 21.4 17.0 9.1 2.8B 37.5 14 18.3 14.2 13.4 18.1 13.1 8.9
Potassium 1,170 990 801 1,510 902 1,360 1,430 938 910 887 1,340 1,110 884
Selenium 0.21B U 0.78 0.54 0.22B U U U u 0.14B u U U
Silicon u 19.7 u U 13.8 u 21.7 732 1,190 690 649 443 67.1
Silver 33.8 19.3 20.5 u U u u U u U U u u
Sodium 139B 3868 167B 119B 1758 104B 271B 102B 149B 88.7B 76.1B 83.8B 95.4B
Thallium U ) ¢ U U U u ) U U i) U 4)
Vanadium 24.7 18.3 24.8 40.5 u 45.4 17.2 21.1 15.4 15.6 21.2 19.7 22.5
Zinc 2,110 1,320 575 55.6 910 117 46.9 56.6 45.6 64.7 60.5 48.5 31.5
Compound found in method blank

w
i

Below detection limit
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4-6 EXTENDED

)

Parameter

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Cyanide
Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Thallium
Vanadium
Zinc

MW-T7A

s-1 5-3 S-4
14,100 16,300 20,600
u u U
6.2 18.8 15.9
106 144 144
0.84 1.2 1.4
U u u
U u U
2,170 2,350 2,880
16.9 29.4 28.1
u 12.1 13.1
u 20.9 25.1
0.1 u u
22,200 36,000 50,900
26.7 i4.5 23.1
2,370 4,680 4,460
1,130 428 228
u U u
i} U u
13.2 18.5 20.6
655 942 1,060
0.21B u U
674 131 159
u u u
2858 160 158B
u u u
28.4 32.7 30.7
72.8 75.3 81.8

Mw-7
S-2

S-1 S5-2 Dup S$-3 S-4 §-5
21,600 18,300 15,100 20,500 16,400 7,600
U 18.4 U 11.3 u 8.5
1.8 5.8 5.3 1.7 4.0 6.1
53.7 61.7 58.9 141 114 117
0.75 0.83 0.53 1.3 0.77 0.47
U u u u U 8.2
3.3 3.0 2.8 2.8 3.1 4.5
835 1,600 964 2,100 2,470 2,130
21.0 19.5 16.0 20.9 27.0 13.9
9.5 11.5 7.6 14.4 4.9B 8.2
18.3 13.1 9.0 19.8 15.5 13.2
U u U U U u
32,200 31,200 26,800 34,800 26,600 22,400
14.9 20.8 15.5 16.6 11.4 6.1
2,170 3,760 2,850 4,560 3,660 2,610
271 293 200 767 105 1,000
0.12 U u u U u
u U U u U u
14.6 15.2 10.2 19.9 15.2 20.17
819 745 770 806 789 601
0.12B 0.22B 0.23B U U U
143 953 1,120 1,410 673 135
U U u u U u
60.3B 89.18B 77.8B 1338 152B 99.3B
u u u u U U
35.8 49.3 40.8 41.7 27.6 26.2
52.2 65.8 56.5 90.2 75.7 47.8

Vo
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The remaining trace metals occurred at concentrations relatively consis-
tent across the project area.

In summary, elevated concentration levels of the trace metals barium,
copper, lead, silver, and zinc were found primarily restricted to site
boring MW-2, which is located near the "waste fill."

MW-2 soil samples were also found to have the highest chromium concen-
tration levels and the only mercury levels above detection limits when
compared to other soil samples collected. The general pattern of ele-
vated trace metal concentrations indicates that the fill near MW-2 is
characteristically higher in content of the trace metals barium, chro-
mium, copper, lead, silver, and zinc. In comparison, soil samples in

the upper 4 ft of £ill exhibit the highest concentration of the above
identified trace metals, suggesting fill-derived contamination. In
particular, lead and silver are considerably excessive in soil samples
collected from MW-2 when compared to other soil sample concentrations
across the project area. However, lead is prevalent throughout the
project site, but typically at 20 to 50 times less than the concentra-
tions encountered in MW-2. A significant point to trace metal contamina-
tion in MW-2 is that the highest concentration levels are detected in the
upper 2 ft of soil, most of which is cover fill. 1In light of the elevat-
ed trace metal concentrations in the soil samples collected from MW-2,
which is located at the extreme edge of "waste fill," the potential ex-
ists that levels of trace metals within the "waste £ill" itself may be’
higher still. No criteria exist for maximum trace metal contaminant
levels in soil; however, human exposure risk can be evaluated based on
the trace metal contaminant levels encountered, exposure pathways (dust,
dermal), and toxicity of the trace metal. Table 4-7 lists significant
levels of trace metals in soil which appear to be related to the fill
material onsite and which are not typical of the surrounding offsite
soils.

4.1.4 Pesticide/PCB Concentration in the Soil

Tables 4-8 and 4-9 summarize pesticide/PCB compounds detected in the soil
during Phase I and Phase II monitoring well installation, respectively.

Pesticides and pesticide metabolites were detected in soil samples at
MW-5A, S-1 (0-2 ft) and S-3 (4-6 f1); MW-1, S-1 (0.2 £t) and 5-2 (2-4
ft); and MW-4, S-1 (0-2 ft) during Phase I monitoring well installation.
Compounds 4,4'-DDE, 4,4’-DDD, and 4,4'-DDT are all chemically related.
Compounds 4,4'-DDE and 4,4’-DDD are decomposition by-products of the
pesticide 4,4’-DDT. Concentration levels of pesticides and metabolites
wvere highest in MW-5A, ranging from 260 to 500, 190 to 320, and 1,440 to
3,200 wg/kg for 4,4'-DDE, 4,4'-DDD, and 4,4’-DDT, respectively. Low
levels of 4,4’ DDE and 4,4'-DDT (i.e., less than 61 ug/kg) were also
detected in near-surface soil samples in MW-1 and MW-4.

4,4'-DDD, 4,4’'-DDE, and 4,4’-DDT were detected at very low levels (280 to
340 ug/kg) in soil samples analyzed from O to 10 ft depth from Phase II

monitoring well boring installation MW-2. No pesticides were detected in
any other soils collected from the Phase II monitoring well installation.
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TABLE 4-7 SIGNIFICANT CONCENTRATION OF TRACE METALS IN SOILS COLLECTED

AT MARSH RUN FIELD

Samples Number With

Parameter Significant Detection

Arsenic MW6, S1

Barium MW2-81, MW2-S1 (Dup)

Chromium MW2, S1

Copper MW2-S1, MW2-S1 (Dup),
MW2-52, MW2-S4

Lead MW2-S1, MW2-S1 (Dup),
MW2-S2, MW2-S4

Silver MW2-S1, MW2-S1 (Dup),
MW2-S2

Zinc MW2-S1, MW2-S1 (Dup)

Range of

Detectable Sample

Concentrations With Highest

(mg/kg) Concentration
1.7-30.7 MW6, S1
34-1,400 MW2, S1
12.0-70.2 Mw2, s1
ND-1,970 MW2, S1
1.3-1,140 MW2-S1

ND-33.8 MW2-51
31.5-2,110 MW2-S1




TABLE 4-8

s’

SUMMARY OF PESTICIDE/PCB ANALYSIS OF

o

SOIL

SAMPLES COLLECTED DURING PHASE

I MONITORING WELL INSTALLATION (uyg/kg)

Pesticide

4,4'~DDE 20
4,4'-DDD 20
4,4'-DDT 20

PCB

[none detected]

(a)
U =

MW- MwW-54A Mw-1 MW-4A MW-4 Rinsate Rinsate
5-5 S-3 Blank Blank
U u U u u 260 500 u U 60 61 U u u u u u 37 u U u U u U U
U U U u u 190 320 U U u U u u U u U U u U u u u u u U
U U u U u 1,400 3,200 U u u 43 u u u u u u 141 u u U u U U U

Certified Quantification Limit
Compound not detected
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TABLE 4-9 SUMMARY OF PESTICIDE/PCB ANALYSIS OF SOIL SAMPLES COLLECTED DURING PHASE II MONITORING WELL INSTALLATION (wug/kg)

MW-2 MW—-6A MW-6 MW-7A Mw-7
cqr!2)(P) 5-1 5-2
{ug/kg) S-1 Dup S5-2 S$-3 S-4 5-5 5-1 5-3 S—-4 S-1 5~2 S-3 S-~4 S~1 S$~3 S5-4 S-1 s-2 Dup $-3 S—-4 $-5
Pesticide
4,4'-DDE 20 280 U 340 4.83 U u 1) U 4] U u u U U U u U u u U U U
4,4’'-DDD 20 1703 1203 1507 153 3.8 2.6 u u u u 11 u U U u u u u U u u U
4,4'-DDT 20 u u U 3.17 4.3 3.1 u U U U U U U U U u U U u u u u

PCB

{none detected]}

(a) Certified Quantification Limit.

(b} For samples MW-2 (S-1, S-2, S-1 dup) the CQL for DDE, DDD, and DDT was 220 #9/kg due to dilution factor.
Estimated value.

Compound not detected.

[
[/}



No PCB compounds were detected in any soil samples collected from the
site.

In summary, low levels of 4,4’-DDT and its degradation by-products

4,4’ -DDE and 4,4,’-DDD were detected onsite and offsite at or near the
surface or distributed in the fill to a depth of 6 ft below the surface.
Spraying of pesticide in a marsh environment is common. The use of

4,4’ -DDT was illegal after 1967.

4.1.5 Total Petroleum Hydrocarbons and Cyanide Concentrations in Soil

Total cyanide concentration levels in the soil ranged from below the
detection limit to a maximum of 0.5 mg/kg. Total petroleum hydrocarbon
(TPH) concentrations were highest in MW-2, ranging from 60 to 780 mg/kg.
Elsewhere, TPH was detected both onsite and offsite at values ranging
from 5.29 to 693 mg/kg. Tables 4-10 and 4-11 summarize the analytical
data for these parameters during Phase I and Phase II monitoring well
installation, respectively.

4.2 NATURE AND EXTENT OF CONTAMINATION IN GROUND WATER

4.2.1 Volatile Organics in Ground Water

Ground-vater samples were collected from site monitoring wells sampled
twice during the site investigation. The first round was on 8 February
1989 the second round was 16, 17 August 1989. The second round included
those monitoring wells sampled during the first round along with the
nevwly installed Phase II monitoring wells. Table 4-12 summarizes the
volatile organic compounds detected during the Phase I and Phase II
ground-water sampling events.

Trichloroethene (TCE) was detected during both sampling events in the
bedrock aquifer and during the second sampling event in the shallow
saturated overburden zone. TCE was detected in bedrock well MW-1 at

160 and 170 pg/L during the first and second sampling events, respective-
ly. Ground-water samples collected from MW-4, also a bedrock well, were
found to contain TCE at concentrations of 380 and 400 ug/L during the
first and second sampling events, respectively. A duplicate sample taken
of MW-4 during the first sampling event confirmed the presence of TCE by
showing similar concentration levels (370 pg/L). TCE was detected in
only the bedrock wells during the first event. During the second event,
TCE was also detected in shallow overburden saturated zone wells MW-1A
and MW-4A at lower concentrations of 24 and 6 ug/L, respectively.

TCE concentrations detected in the bedrock aquifer during both sampling
events exceeded the maximum contaminant level (MCL) established by the
EPA at (5 ug/L) by 30 to 80 times. The levels of TCE detected during the
second sampling event in the saturated overburden monitoring wells (i.e.,
MW-1A and MW-4A) slightly exceeded the MCL.

Other volatile organic compounds that were detected in the site monitor-
ing wells were 1,1-dichloroethene (MCL of 7 pg/L), 1,2-dichloroethene




TABLE 4-10 SUMMARY OF CYANIDE AND TOTAL PETROLEUM HYDROCARBONS

MONITORING WELL INSTALLATION (mg/kg)

(TPH) ANALYSIS OF SOIL SAMPLES COLLECTED DURING PHASE I

(a) MwW-5 MW-52 Rinsate Mw-1 MW-4A MW-4
cQL S-S5 Blank 5-3
Parameter (mg/kg) S-1 5-2 5-3 S-4 §-5 s~1 S-3 S-5 Dup #1 5-1 5-2 5-3 S-4 S-6 S-1 S-3 §$-6 S-1 8-2 S-3 S-4 S-6 Dup
Cyanide 0.1 0.50 0.25 u u U 0.25 u U 0.14 -— 0.24 0.12 | i U 0.53 U U 0.25 0.39 U u u u
TPH 0.1 5.29 146 U 26.3 116 76.9 24.5 U 298 U u U U 693 U U u i U u U u u u

(a) Certified Quantification Limit
U = Below detection limit



.

60.0 60.0 80.0

70.0 40.0 50.0

TABLE 4-11 SUMMARY OF CYANIDE AND TOTAL PETROLEUM HYDROCARBONS (TPH) ANALYSIS OF SOIL SAMPLES COLLECTED DURING PHASE II
MONITORING WELL INSTALLATION (mg/kq)
(a) MW-2 MW—6A MW-6 MW-TA MW~7
cQL 5-1 5-2
Parameter (mg/kg) S-1 Dup $-2 5-3 §-4 §-5 S-1 8§-3 s-4 S-1 $-2 s-3 S-4 S-1 s5-3 5-4 S-1_ $-2 Dup 5-3 S-4 5-5
Cyanide 0.1 0.3 0.1 U 0.1 u U U U U 0.1 U U U 0.1 U U vy U U U U u
TPH 0.1 780 460 300 70.0 70.0 60.0 u U U U

(a)
U =

Certified Quantification Limit
Below detection limit
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TABLE 4-12 SUMMARY OF ORGANIC COMPOUND ANALYSIS OF GROUND-WATER SAMPLES COLLECTED FROM MONITORING WELLS ON 8 FEBRUARY (PHASE I)
AND 16, 17 AUGUST (PHASE II) 1989 (wug/L)
(b) Mw-1 MW-12a Mw-2 Mw-2A MW-3A
CQL 16 Aug 8 Feb
{vg/kg) 8 Feb 16 Aug 8 Feb 16 Aug 16 Aug Dup 8 Feb Dup 16 Aug 8 Feb 17 Aug
VOLATILES
Ethylbenzene 5 7BM U u u u u 18B 24 U u U
1l,1-Dichloroethene 5 12 u U U U U Y u U u U
1,1,2,2-Tetrachloroethane 5 46 33 U 7 U u U U U u U
Trichloroethene 5 160 170 u 24 u u U u u U u
Toluene 5 u u u u U U U u u u u
Acetone 10 U U u g 1} U U 4] ] U i)
Methylene Chloride 5 U u u u U u u U 11 U 144
1,2-Dichloroethene (total) 5 u 45 u 82 U u u 22 13 u U
Vinyl Chloride 10 u U U (] U U U u U U u
1,1,2-Trichloroethane 5 U 5J u u u U U U U U U
Tetrachloroethene 5 ) U u U U U u 4] U U U
SEMIVOLATILES
bis(2-ethylhexyl)phthalate 10 U u U 26 U U u u U 4 u
Benzoic aAcid 50 U u u u u u u u u U U
Fluoranthene i0 U U U U U U U U i} v ij
Pyrene 10 U U u U u u u U U U U
Tentatively Identified Compounds [21] [41] {31 {11 {11] [2]
or Unknowns[{a)]
Propanoic acid 93
Cyclopentasiloxane 167
Hexamethylcyclotrisiloxane 25JB
Octamethylcyclotetrasiloxane 2837
Ben<amide,N,N-diethyl-~3methyl 127
PESTICIDE/PCB
[none detected]
(a) Total number of unknown compounds detected in peak library search.
(b) Compound Certified Quantification Limit (CQL).
B = Compound found in method blank.
J = Estimated value.
M = Compound detected in sample at <10 times concentration of common laboratory contaminant or at <5 times concentration
of other compounds detected in associated method blank.
S = Compound detected in sample at <5 times the concentration detected in associated trip or rinsate blank.
U = Compound analyzed for but not detected.



TABLE 4-12 EXTENDED

MW-4 MW-4A MW-5 MW-5a MW-6
8 Feb 16 2Aug
8 Feb Dup 16 Aug 8 Feb 16 Aug 8 Feb 16 Aug 8 Feb 16 Aug 16 Aug Dup

VOLATILES

Ethylbenzene U U U 4] U 1] U U U U U
1,1-DichloroetheneUu u u u U U u u U U u u
1,1,2,2-Tetrachloroethane U u 3J i 13 u U U U u U
Trichloroethene 380 370 400 U [3 u u u u u u
Toluene U U U u U U U U U U U
Acetone u U 325 U U U u 34 24s U u
Methylene ChlorideU u U U U U U U U U U u
1,2-Dichloroethene (total) 35 36 99 U 53 U U U U U u
Vinyl ChlorideU u u u u u u u u U u u
1,1,2-Trichloroethane 14) U 10 U 3] u U U U U U
Tetrachloroethene u i 1J U U u U U U U U
SEMIVOLATILES

bis(2-ethylhexyl)phthalate u u u 4JB u U U U u U U
Benzoic Acid U U U U bi] U U u 37 U u
FluorantheneU u u u U u u U u u U u
Pyrene U U u U U u u u u U u
Tentatively Identified Compounds {4} [4} [31 131} {1} 21 [3} 1]

or Unknowns|[{(a)]}

Pentadecane,2,6,10,14-tetramethyl 337

Dodecane,2,7,10,trimethyl 407

Hexamethylcyclotrisiloxane 5438 143

Decamethylcyclopentasiloxane 2278 107

Benzimide 203
Dodecamethylcyclohexasiloxane 1238

1,2 propanedol 93
PESTICIDE/PCB

fnone detected]}
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TABLE 4-12

EXTENDED

(Cont.)

Vossis

s

VOLATILES
Ethylbenzene
1,1-Dichlorocethene
1,1,2,2-Tetrachloroethane
Trichloroethene
Toluene
Acetone
Methylene Chloride
1,2-Dichloroethene (total)
Vinyl Chloride
1,1,2-Trichloroethane
Tetrachloroethene

SEMIVOLATILES
bis(2-ethylhexyl)phthalate

Benzoic Acid
Fluoranthene

Pyrene

Tentatively Identified Compounds

MW—-6A

Mw-7

MW-7a

Wp-1

WP-3

16 Aug

16 Aug

16 Aug

17 Aug

16 Aug

or Unknowns[(a)]l
Hexamethyclylotrisiloxane
Cyclopentasilacane
Dodecamethylcyclohexasiloxane
Crotonic acid
1,2-Propanodiol

PESTICIDE/PCB
[none detected]

cogcQacgaoagocaaaa

caoaoacacocaoacaa

11}

743B
5238
2378

cocaodgoaccocaaca

[2]

123

[

© =
ccooqaQugoaac

>

- w
corugoaccocaoca

293

8 Feb

cocacaocaocawa

[1]

Rinsate Blank

16 Aug

cocaaocaaecaoacagca

8 Feb

cococcocaocaocaocwcgc

Trip Blank

16 Aug

~
cdocacaNwcooEoo

iz



(total) (cis and trans), vinyl chloride (MCL of 2 ug/L and proposed of 1
ug/L), and 1,1,2,2-tetrachloroethane. 1In actuality, 1,2-dichloroethene
(total) was quantified against a standard of trans-1,2-dichloroethene.
Trans-1,2-dichloroethene has a proposed maximum contaminant level goal
(MCLG) of 100 pg/L. MCLGs, unlike MCLs, are not enforceable.

The volatile organic compound 1,2-dichloroethene (total) is a degradation
product of TCE. In actuality, the compound reported as 1,2-dichloroeth-
ene (total) is both trans and cis combined as per Contract Laboratory
Protocol (CLP) reporting requirements. EPA does not recognize the dif-
ferentiation of the reporting of 1,2-dichloroethene as cis or trans and
as such is reported as total. During the first sampling round, 1,2-di-
chloroethene (total) was detected in bedrock well MW-4 at 35 ug/L. The
compound was not detected in bedrock well MW-1 during the first sampling
round. Also during the first sampling round, 1,2-dichloroethene was
detected in overburden well MW-2A duplicate sample at 22 ug/L. Volatile
compound 1,2-dichloroethane was detected in MW-1 and MW-4 (bedrock aqui-
fer) at 45 and 99 pg/L, respectively, and in the shallow overburden well
MW-1A at 82 pg/L during the second sampling event. It was also detected
in shallow overburden wells MW-2A and MW-4A at 13 and 5 pg/L, respective-
ly. Volatile organic compounds were also present in onsite shallow over-
burden monitoring wells in close proximity to the £ill. Vinyl chloride,
which can also be a degradation by-product of TCE and is persistent in
the environment, was detected only in the saturated overburden during the
second sampling event at concentrations of 96 and 11 ug/L in WP-1 and
WP-3, respectively. Table 4-13 lists the significant detections of
volatile organic compounds found on the site and compares the highest
detected level with established or proposed MCLs for the respective com-
pound. Figure 4-1 illustrates the volatile organic compound distribution
at the site.

In summary, volatile organic compounds characteristic of industrial
solvents are present in the bedrock aquifer, several of which exceeded
current or proposed MCLs.

With the exception of acetone, which may be an artifact of laboratory
contamination, no volatile compounds were detected in either the upgra-
dient offsite bedrock or offsite overburden wells. The presence of vola-
tile organic contamination in the ground water beneath the site indicates
the fill placed on site as a potential source of these volatile constitu-
ents and that volatile contamination has migrated vertically in the bed-
rock aquifer from the fill material.

The occurrence of detectable volatile organic compounds in the saturated
overburden and the overall greater variety of compounds during the second
sampling round may be attributed to seasonal flushing of the contaminants
when water levels are highest and ground-water flux volumes are greatest.
Water levels were generally higher during the second sampling round in
the overburden wells, ranging from 0.3 to 1.5 ft in MW-2A and MW-3A,
respectively. Consequently, bedrock aquifer potentiometric levels were
higher, ranging from 0.1 to 2.8 ft in MW-2 and MW-4, respectively.




TABLE 4-13 SUMMARY OF SIGNIFICANT ORGANIC DETECTION IN THE GROUND WATER (FIRST AND SECOND SAMPLING ROUNDS)

Range of Sample
Detected Number Applicable
Sample Numbers With Concentration With Highest Criteria
Organic Compound Significant Detection (ug/L) Concentration  (ug/L)
Ethylbenzene My-2A 3-24 MW-24 700(1)
1,1-Dichloroethene My-1 12 MW-1
1,1,2,2-Tetrachloroethane MV-1, MW-1A, MW-4, MVW-4A 1-46 ‘ MW-1
Trichloroethene MW-1, MW-1A, MW-4, MW-44, (2)
Wp-1 4-400 MW-4 5
1,2-Dichloroethene (total)(®)  wp-1, My-1, MV-1A, My-24, )
MW-4, MU-4A 5-110 Wp-1 70/100
Vinyl Chloride Wp-1, WP-3 11-96 Wp-1 2(2)
1,1,2-Trichloroethane MW-1, MW-4 5-10 MW-4
Tetrachloroethene MV-4 1 MW-4 5(1)

(a) 1,2-dichloroethene (total) (cis and trans). MCLG for cis = 70 ug/L; MCLG for trans = 100 ug/L.
(1) Proposed MCL

(2) Current MCL

(3) MCLG
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4.2.2 Trace Metal Concentrations in Ground Water

Ground-vater samples were collected from the site monitoring wells on
two occasions. The first round (8 February) sampled for total metals
analysis only. In the second sampling event (16, 17 August), aliquots
for both total (unfiltered) and dissolved (filtered) trace metals were
collected. Table 4-14 lists the total metals analysis for samples
collected from each well on both sampling events. Table 4-15 lists a
comparison of total and dissolved metals analysis of monitoring well
samples collected during the second sampling event.

Examination of the total metal analysis shows that aluminum was elevated
in shallow overburden well MW-1A during both sampling events at concen-
trations of 79,200/51,300 ug/L (79.2/51.3 mg/L), and in MW-4A during the
first sampling event at 264,000 ug/L (264 mg/L). Aluminum was detected
at 267,000 ug/L (267 mg/L) in MW-5A during the second sampling event.
Concentration levels of aluminum in other monitoring wells both in the
overburden and bedrock aquifer elsewvhere ranged from below detection
limit (i.e., <225 pg/L) to 36,700 pg/L (36.7 mg/L). No drinking water
criterion is applicable to aluminum; however, a secondary MCL of 50 ug/L
is proposed. Comparison of the total and dissolved levels of aluminum
for each well indicates that aluminum is present as an undissolved
species as would be expected for aluminum.

Arsenic was detected in the total metals analysis of MW-1A and MW-4A

at concentrations of 73.7 and 127 pg/L, respectively, during the first
sampling round, exceeding the current MCL of 50 ug/L. During the second
round, the sample collected from MW-5A was found to contain arsenic at a
level of 71.6 ug/L. Comparison of total vs. dissolved concentrations for
arsenic indicated arsenic to be present primarily in an undissolved
state.

Total barium was detected at 2,360 and 1,980 ug/L in MW-4A and MW-5A,
respectively; these levels are elevated with respect to other wells
onsite and offsite. Concentration of total barium elsewhere ranged from
47 to 838 ug/L. A comparison of total vs. dissolved barium shows barium
to be slightly lower in the dissolved phase in the ground water. Dis-
solved barium ranged in concentration from 37 to 476 ug/L in WP-3 and
MW-4A, respectively.

Total cadmium was detected in MW-4A during both sampling events at 22.4
and 33.6 pg/L, respectively, exceeding the current MCL of 10 ug/L on both
occasions. The current MCL for cadmium is 10 uwg/L. An MCL for cadmium
of 5 ug/L is proposed. During the second sampling event, MW-5A was found
to contain total cadmium at a concentration level of 31.9 ug/L, whereas
during the first round cadmium was below the detection limit. Total cad-
mium levels of 10.1 ug/L slightly above the current MCL were detected in
MW-3A during the second sampling round. Dissolved cadmium levels in all
ground-water samples were below the detection limit.

Total chromium was detected at concentrations exceeding the MCL of 50

ug/L in MW-1A at 65 pg/L (second sampling event), MW-3A at 57.9 pg/L
(second sampling event), MW-4A at 64.3 and 149 ug/L (first and second

4-8




TABLE 4-14

SUMMARY OF TOTAL

(UNFILTERED)

METALS ANALYSIS OF GROUND-WATER

SAMPLES COLLECTED FROM MONITORING WELLS ON

[~
nn

Below detection limit.

8 FEBRUARY (PHASE I) AND 16, 17 AUGUST (PHASE II) 1989 (wpg/L)
MW-1 MW-1A MwW-2 MW-2A MW-3A MwW-4
16 Aug 8 Feb 8 Feb

Parameter 8 Feb 16 Aug 8 Feb 16 Aug 16 Aug Dup 8 Feb Dup 17 Aug 8 Feb 16 Aug 8 Feb Dup 16 Aug
Aluminum 1,280 376 79,200 51,300 2,580 2,560 4,070 8,440 9,190 5,440 36,700 12,300 9,000 877
Antimony u U u U U u u - u U u U u U U
Arsenic 5.0 u 137 15.1 U U 9.2 11.8 9::5 8.4 7.6 14.9 13.3 u
Barium 542 433 619 401 257 247 195 157 188 114 342 561 604 229
Beryllium 0.99 U 3.4 2.5 u u u u u U 2.1 0.97 0.95 u
Cadmium U u 4.8 U U U U U u U 10.1 u U U
Calcium 85,700 72,200 101,000 48,500 64,800 63,500 148,000 139,000 124,000 245,000 200,000 115,000 115,000 76,000
Chromium U U 19.4 65.3 u u u u 16.8 U 57 .9 17.9 U u
Cobalt u U 15.1 47.3 u U U 22.8 43.5 u u 13.4 16.3 U
Copper u u 16.9 59.8 u u u u u u 48.5 26.3 32:3 U
Iron 1,090 183 123,000 71,200 2,050 1,850 15,800 19,100 24,100 9,180 52,400 18,000 12,600 145
Lead 2.4 U 13.6 25.8 0.60 U 5.6 9.7 6.0 11.9 37.0 15.0 14.6 U
Magnesium 14,300 12,800 28,000 17,800 16,500 16,400 56,500 54,600 47,200 48,000 42,200 29,500 28,000 18,800
Manganese 99 27.4 4,750 3,500 45.1 42.0 4,440 4,410 5,460 434 1,310 1,310 1,220 19.3
Mercury 0.47 u 0.53 u U u 0.47 0.47 U 0.53 u 0.47 0.60 u
Nickel u u 120 71.0 u u 21.3 34.2 31.9 u 57:5 u u u
Potassium 2,540 1,720 10,300 9,700 1,550 1,500 2,830 3,640 4,510 8,570 12,400 5,040 4,180 1,530
Selenium U u u u U u u U u u u U u U
Silver U U U u U u u u u U u U U u
Sodium 8,860 8,150 6,930 11,800 8,410 8,070 18,900 17,500 20,400 16,300 11,900 11,600 12,200 10,400
Thallium u u u u U U u U U U u u u u
Vanadium u u 124 83.2 U u u u 21.9 u 72.5 U u u
Zinc 173 10.1 377 221 20.7 15.6 16.3 148 54.2 170 269 187 171 15.7
Boron 57.2 37.1 u 94.0 U i} 72.2 64.6 108 609 390 45.9 68 U
Molybdenum u U U U U U U U U U U U u U
Silicon 13,900 13,000 10,900 76,000 16,400 15,600 23,600 32,000 30,400 20,700 80,300 37,000 30,000 13,200
S Compound detected in sample at <5 times the concentration detected in associated trip or rinsate blank.
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TABLE 4-14 EXTENDED
MW-42 MW~5 MW-5A MW-~6 MW~62 MW-7 MW-7a WP-1 Wp-3 Rinsate Blank
16 Aug

Parameter 8 Feb 16 Aug 8 Feb 16 Aug 8 Aug 16 Aug 16 Aug Dup 16 Aug 16 Aug 16 Aug 17 Aug 16 Aug 8 Feb 16 Aug
Aluminum 264,000 114,000 29,300 2,200 7,500 267,000 364 U 5,950 2,250 5,220 u U u U
Antimony U u u U u u u u U u u u u u u
Arsenic 127 28.2 28.3 u 5.2 71.6 9.4 8.4 u u u U u U U
Barium 2,360 838 486 299 285 1,980 219 242 187 293 779 47.0 40.0 U ]
Beryllium 11.9 U 1.9 4] 0.98 17.4 U U U U u U U u u
Cadmium 22.4 33.6 U v U 31.9 u u u u u u u U u
Calcium 79,000 34,800 211,000 12,300 74,600 93,900 50,500 48,100 144,000 119,000 173,000 262,000 305,000 62.0 118
Chromium 64.3 149 48.2 17.1 u 372 u U U U 14.9 U U U 4]
Cobalt 51.5 112 25.4 i U 177 U U v U U u U u U
Copper 68.85S 1258 17.18 y U 199 U U i} u 19.18 U U u 25.4
Iron 564,000 185,000 46,500 1,990 57,300 286,000 256 91 8,820 1,350 10,900 22,800 3,780 3.3 u
Lead 35.4 74.0 20.2 2.2 4.9 168 u u 11.1 u 5.2 2.1 15.7 i u
Magnesium 84,300 31,300 39,300 20,900 15,100 54,700 17,100 16,500 57,900 30,300 50,900 45,200 34,200 U U
Manganese 16,000 5,600 1,820 104 8,560 11,700 17.8 16.5 1,760 148 2,120 341 684 0.40 U
Mercury 0.53 U 0.53 0.7 1.0 0.39 u 0.79 u u u u U u u
Nickel 41.5 163 61.7 u u 270 u u u u 23.5 u u u u
Potassium 18,800 12,000 12,700 2,090 2,840 10,400 1,380 1,650 2,210 3,350 3,020 11,200 11,400 U v
Selenium u U u 1.3 U U U 1.9 1.5 U U U u U . U
Silver U U U U u U u u u u u U u u u
Sodium 8,810 7,780 62,200 65,500 65,400 71,900 10,400 10,100 234,000 16,900 48,200 16,400 15,500 89.0 u
Thallium u u u U u u u U u U U U U U U
Vanadium 482 233 54.4 U U 523 U U 14.5 U U U U U U
Zinc 1,160 507 225 39.2 145 1,170 16.3 U 40.5 18.2 51.0 2,840 4,050 128 23.4
Boron 33 u ) U U u 179 139 55.0 u 60.5 343 709 u u
Molybdenum u u u u u u u u u U U U u 4] U
Silicon 113,000 126,000 61,000 14,100 23,500 167,000 11,200 11,300 15,700 16,800 28,500 15,900 16,800 132 212

o
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TABLE 4-~15 SUMMARY OF TOTAL AND DISSOLVED METALS ANALYSIS OF GROUND-WATER SAMPLES COLLECTED FROM MONITORING WELLS ON 16, 17 AUGUST
(PHASE II) 1989 (wpg/L}
MW-~1 MW-1a MW-2 MW-2 Dup MW-2A MW-3A MWw-4
Dis~- Dis~ Dis- Dis- Dis- Dis— Dis-

Parameter Total solved Total solved Total solved Total solved Total solved Total solved Total solved
Aluminum 376 u 51,300 u 2,580 U 2,560 u 9,190 u 36,700 503 871 u
Antimony U U U U U u u U u U U U U U
Arsenic u U 15.1 u u U U U 9.5 U 7.6 u U u
Barium 433 476 401 306 257 233 247 253 188 109 342 80.0 229 228
Beryllium u u 2.5 u ¢} u u U U u 2.1 U U U
Cadmium U u u u u U U U U U 10.1 U U u
Calcium 72,200 54,400 48,500 50,800 64,800 45,000 63,500 40,700 124,000 129,000 200,000 186,000 76,000 70,200
Chromium u u 65.3 U U U U U 16.8 u 57.9 U u u
Cobalt u U 47.3 u [¢] u u u 43.5 u U u u u
Copper u U 59.8s U 14.8U 15.2s8 U u U U 48.5s U u U
Iron 183 U 71,200 48.0 2,050 376 1,850 21.0 24,100 2,220 52,400 1,020 145 u
Lead 0.5U 1.08 25.8 33.4 0.60 1.65 u 1.0s 6.0 1.2s8 37.0 1.85 0.5U 1.0s
Magnesium 12,800 12,300 17,800 7,660 16,500 15,600 16,400 16,000 47,200 45,000 42,200 36,700 18,800 16,600
Manganese 27.4 u 3,500 u 45.1 10.7 42.0 u 5,460 5,350 1,310 58.5 19.3 U
Mercury U U u u u u U u u U u U u u
Nickel u U 71.0 20.5 U 20.5 U u 31.9 22.4 57.5 u 18.4U 25.4
Potassium 1,720 1,380 9,700 2,760 1,550 1,170 1,500 897 4,510 2,230 12,400 8,320 1,530 1,170
Selenium U U u u u U U u U u ‘U u U u
Silver u U U 1] U u u u u U U U u u
Sodium 8,150 7,820 11,800 10,400 8,410 9,020 8,070 7,840 20,400 18,900 11,900 10,600 10,400 8,860
Thallium U u U 1] u U u U u U u U u U
Vanadium U 4] 83.2 U u u U i 21.9 U 72.5 U u U
Zinc 10.1 12.6 221 122 20.7 18.0 15.56 15.0 54.2 15.0 269 34.3 15.7 20.6
Boron 37.1 89.7 94.0 232 U 50.4 29.9U 63.2 108 231 390 u u 108
Molybdenum U U U u u u U u U u U u U U
Silicen 13,000 12,100 76,000 6,810 16,400 11,500 15,600¢ 11,600 30,400 15,400 80,300 19,100 13,200 11,200

S =
U =
Note

phase.

(1)

The discrepancy of the reported data can be due to the following conditions:

Compound detected in sample at <5 times the concentration detected in associated trip or rinsate
Below detection limit.
: In some instances it is apparent that several dissolved metal concentrations are reported as being higher than the total

blank.

Dissolved value reported is only slightly elevated with repsect to the Certified Quantification Limit (CQL) of the
total metal. 1In this case the CQL is reported next to the U in the total metals column.

Variability of the total vs. dissolved less than 5 times the CQL (i.e., within normal analytical variances).

Slight difference in the sample split {(total and dissolved) even under the most careful sampling conditions.
Potential filter break through, however aluminum is a good indicator. Dissolved aluminum is not a common occurrence.
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TABLE 4-~15 EXTENDED
MW—4A Mw-5 MW~5A MW-6 MW-6 Dup MW-6A MW-7
Dis- Dis- Dis-— Dis— Dis- Dis~ Dis-~

Parameter Total solved Total solved Total solved Total solved Total solved Total solved Total solved

Aluminum 114,000 U 2,200 U 267,000 U 364 U u U 5,950 u 2,250 U
Antimony U u U u U U u u U U U U u u
Arsenic 28.2 U U 4] 71.6 u 9.4 6.1 8.4 7.3 U U U U
Barium 838 45.0 299 310 1,980 171 219 257 242 252 187 148 293 281
Beryllium U (] u u 17.4 u U U U u U u u U
Cadmium 33.6 u U u 31.9 U u u U u U U U u
Calcium 34,800 19,000 12,300 117,000 93,900 48,300 50,500 45,900 48,100 47,400 144,000 141,000 119,000 111,000
Chromium 149 U 17.1 u 372 U u u 4] U u u u u
Cobalt 112 u u u 177 u u u u U U u i} u
Copper 1258 u 14.8vU 17.3s 199 16.4 u u U U U U u U
Iron 185,000 46.0 1,99¢ 17.0 286,000 19,600 256 25.0 91.0 42.0 8,820 u 1,350 U
Lead 74.0 2.3s8 2.2 2.2s8 168 1.2s u 1.3s 0.5U 16.6 11.1 1.6s U 1.1s8
Magnesium 31,300 10,200 20,900 19,900 54,700 8,860 17,100 14,800 16,500 15,300 57,900 53,500 30,300 28,300
Manganese 5,600 21.1 104 83.6 11,700 6,230 17.8 20.3 16.5 18.7 1,760 1,900 148 u
Mercury u u 0.7 u 0.39 u u u 0.79 u u U 0 u
Nickel 163 31.2 U u 270 ] U 27.3 U u u 23.4 0 U
Potassium 12,000 828 2,090 2,850 10,400 2,460 1,980 1,760 1,650 U 2,210 8,390 3,350 2,310
Selenium u u 1.3 U u u u U 1.9 4] 1.5 u u u
Silver U U 4] U . u U u U u u u U u U
Sodium 7,800 6,660 65,500 67,600 71,900 62,900 10,400 9,700 10,100 9,290 234,000 231,000 16,900 16,600
Thallium U u u U U u u u U U u U u U
Vanadium 233 U i) u 523 u u u 13.2U 14.3 14.5 u u u
Zinc 507 24.9 39.2 40.5 1,170 25.8 16.3 31.6 7.5U 20.8 40.5 28.5 18.2 17.3
Boron 29.9U0 99.0 29.9U 57.4 29.9U 86.3 179 191 139 231 55.0 122 29.9U 66.6
Molybdenum u u U U u U U 19.6 u 20.9 U u 19.4y 19.6
Silicon 126,000 12,700 14,100 11,200 167,000 9,590 11,200 11,100 11,360 10,400 15,700 7,570 16,800 14,200

[
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TABLE 4-15 EXTENDED (Cont.)

MW-72 WPp-1 Wp-3 Rinsate Blank
Dis- Dis~ Dis- Dis-—
Parameter Total solved Total solved Total solved Total solved
Aluminum 5,220 U U U u u U U
Antimony U u u u u u u U
Arsenic u u u U U u U u
Barium 779 668 47.0 50.0 40.0 37.0 U U
Beryllium u U u U U U U U
Cadmium u u u u u u u U
Calcium 173,000 177,000 262,000 257,000 305,000 244,000 118 719
Chromium 14.9 U u U u u U u
Cobalt U U u u u U U u
copper 19.1s u u u u U 25.4 u
Iron 10,900 60.0 22,800 20,800 3,780 3,540 u U
Lead 5.2 1.15 2.1 0.60s 15.7 2.4s U 1.1
Magnesium 50,900 47,000 45,200 46,700 34,200 34,600 U 112
Manganese 2,120 1,840 341 367 684 684 U U
Mercury u u U u U U u U
Nickel 23.5 20.5 u U 18.4v 24.4 i U
Potassium 3,020 1,510 11,200 11,100 11,400 10,600 U U
Selenium u u U U U U u u
Silver u u u U U u u u
Sodium 48,200 46,200 16,400 15,300 15,500 15,000 U 256
Thallium u U u u U u U u
Vanadium U U U U u u u U
Zinc 51.0 27.8 2,840 2,540 4,050 2,960 23.4 19.3
Boron 60.5 135 343 998 709 748 U U
Molybdenum u u u 28.9 U u U U
Silicon 28,500 14,400 15,900 1,520 16,800 16,100 212 u
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sampling events), and MW-5A at 372 pg/L (second sampling event). Dis-
solved chromium was below the detectable limit in all cases. An increase
of the MCL for chromium from 50 to 100 ug/L is proposed.

Although MCL criteria does not apply to iron, MW-1A, MW-4A, and MW-5A
samples were found to contain elevated levels of total iron with respect
to surrounding wells, with the highest concentrations during any sampling
event of 123,000 (123), 564,000 (564), and 286,000 (286) ug/L (mg/L),
respectively. Comparison of total and dissolved iron clearly illus-
trates that iron is primarily in the undissolved species except in MW-5A,
which was found to have a concentration of dissolved iron at 19,000 ug/L
(19 mg/L). Dissolved iron was also elevated in WP-1 with a concentration
of 20,800 ug/L (20.8 mg/L). Pennsylvania Department of Environmental
Resources (PaDER) drinking water standards specify that water supplies
not exceed 1,500 pg/L total iron and 300 pg/L dissolved.

Total lead was detected in MW-1A, MW-3A, MW-4, and MW-4A during both
sampling events at 13.6/25.8, 11.9/37.0, and 15.0/14.6 ug/L, respec-
tively. Total lead was also detected in MW-5, MW-5A, MW-64, and WP-3 at
20.2, 16.8, 11.1, and 15.7 ug/L, respectively, during the first sampling
event for MW-5 and the second event for the other wells. All of the
above-reported lead levels, although not above the current lead MCL of
50 ug/L, are above the proposed lead MCL of 5 ug/L. Dissolved lead was
below the proposed MCL of 5 pg/L in all monitoring well samples except
MW-1A (33.4 ug/L).

Total mercury, although not detected above the MCL of 2 ug/L, was
detected in monitoring wells in concentrations ranging from below
the detection limit to 1 ug/L.

Total manganese was detected in both onsite and offsite wells at elevated
concentrations. MW-1A ground-water samples collected during the first
and second sampling rounds were found to contain 4,750 and 3,500 wg/L,
respectively. In MW-2A levels exceeded 4,000 ug/L during both sampling
events, and levels in MW-4A during the first and second sampling events
wvere measured at 16,000 and 5,600 ug/L, respectively. Other samples col-
lected from both onsite and offsite shallow wells were found to contain
total manganese concentrations between 341 and 11,700 ug/L. Dissolved
manganese was detected at elevated levels in MW-2A (5,350 ug/L), MW-35A
(6,230 pg/L), and MW-6A (1,900 pug/L). PaDER drinking water quality
standards specify that drinking water supplies not exceed manganese
concentrations of 1,000 ug/L.

In summary, the trace metal distribution patterns of constituents
indicate two distinct patterns. The first is the occurrence of trace
metals at elevated levels which are primarily restricted to the shallow
saturated overburden zone. These trace metals are arsenic, cadmium, and
chromium. These trace metals are found both within the site confines and
west of the site in monitoring wells that are hydraulically separated
from the site by Marsh Run Creek or that are hydraulically upgradient of
the site. These constituents were found to be primarily in an undis-
solved state in the ground water.
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A second pattern consists of total lead and manganese which were detected
at elevated levels in samples collected from shallow and bedrock wells
both onsite and offsite. This is indicative of vertical movement of lead
and manganese into the bedrock aquifer. Other metals such as iron and
barium, which do not have MCLs but are regulated by state water quality
criteria or have proposed MCLs, appear to be elevated when compared to
mean values reported for the bedrock aquifer in the area (see Table 1-2).
In general, total metal concentrations are higher in the shallow over-
burden zone; however, dissolved metal concentrations are similar in both
the bedrock aquifer and the shallow zone.

Elevated trace metal concentrations in the saturated overburden with
respect to the bedrock may be partly due to a higher percentage of
particulate matter in the shallow ground water. Contamination of the
ground water by the trace metals arsenic, barium, cadmium, lead, iron,
and chromium appears to be associated with the fill onsite; however,
during the second sampling round offsite and upgradient, well MW-5A was
found to have relatively high levels of arsenic, cadmium, chromium, lead,
nickel, and manganese, which is indicative of an offsite source of con-
tamination. Although total metals analysis has been discussed with
respect to MCLs (MCLs do not apply specifically to dissolved only), it
should be emphasized that with respect to trace metal mobility in ground
water the dissolved species data are more appropriate. Much of the total
metal analyte results are related to suspended solids in the sample. The
contributing offsite source of trace metals is not known. Possible can-
didates are the filled-in areas west of the site where previous contami-
nation has been documented by other environmental investigations or the
fill placed on the depot property for road construction. MW-3A has also
been previously identified during this RI as an area of soil PAH contami-
nation, but no discernible anomalous trace metal concentrations in the
soil samples collected from MW-5A were evident.

Table 4-16 summarizes significant concentrations of trace metals in the
ground water. Figure 4-2 illustrates the occurrence and distribution of
trace metals across the site.

4.2.3 Pesticide and PCB Concentration in the Ground Water

No pesticides or PCBs were detected in the bedrock aquifer or saturated
overburden onsite or offsite.

4.2.4 Other Ground-Water Quality Parameter Concentration
in the Ground Water

Table 4-17 summarizes the ground-water quality parameters of ground-water
samples collected during the first and second sampling rounds.

Chloride was elevated in monitoring wells near the NCAD perimeter road,
including MW-5A, MW-5, MW-6A, and MW-7, and in MW-7A, adjacent to the
NCAD access road. The chloride level is probably due to the deicing
salts used on these roadways. Chloride concentrations in MW-7A and MW-6A
were detected above the EPA ambient drinking water quality criteria of
250 mg/L at 400 and 610 mg/L, respectively.
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TABLE 4-16 SIGNIFICANT CONCENTRATION OF TRACE METALS IN GROUND-WATER SAMPLES

Range of Sample
(a) Detected Number
Sample Number With Concentrations With Highest
Parameter Significant Concentration Levels (ug/L) Concentration
Arsenic MW-1A, MW-4A, MW-HA ND-127 MW-4A
Barium MW-4A, MW-5A 40-2,360 MW-4A
Cadmium MW-3A, MW-4A, MW-5A ND-33.6 MW-4A
Chromium  MW-1A, MW-3A, MW-4A, MW-5A ND-372 MW-5A
Iron MV-1A, MW-2, MW-2(a), MW-24, MW-2A(a),
MW-3A, MW-3A(a), MW-4, MW-4A, MW-5, 91-564,000
MV-5A, MW-5A(a), MV-6A, MW-7A, WP-1, (a)
WP-1(a), WP-3, WP-3(a) ND-20,800 MW-4A, WP-1
Lead MW-1A, MW-1A(a), MW-3A, MW-4, MW-4A, MW-5 ND-168(a) MW—SA(a)
MW-5A, MW-5A, MW-6 (Dup)(a), MW-7A ND-16.6 MW-6 (Dup)
Manganese MW-1A, MW-2A, MW-3A, MW-4, 27.4-16,000 MW-4A
MV-4A, MW-5, MW-5A, MW-6A, MV-7A
Nickel MW-1A, MW-2A, MW-3A, MW-44, MW-5, MW-5A, MW-6 ND-270 MW-5A
Zinc WP-1, WP-3 ND-4,050 WP-3

(a) Denotes dissolved trace metal analysis
ND Below detection limit
(1) Current MCL

(2) Proposed MCL
(3) Pennsylvania drinking water standar

d for total iron

(4) Pennsylvania drinking water standard for dissolved iron
(5) Pennsylvania drinking water standard

Pennsylvania
Drinking Water

Criteri
MCL Cri

(ug/L)

on or
teria

1,500¢3)

s0(1)

30(2)

4,700(%)
5(2)

100(2)

300(%)

5(2)

1,000’






TABLE 4-17 SUMMARY OF WET CHEMISTRY ANALYSIS OF GROUND-WATER SAMPLES COLLECTED FROM MONITORING WELLS ON 8 FEBRUARY
16, 17 AUGUST (PHASE II)

o ?

(a}

cQL

Parameter (mg/L)
Alkalinity

Chloride 0.5
Cyanide, Total 0.01
Fluoride 0.1
TPH 0.1
Nitrogen 0.01
Phosphorous 0.01
Residue, Total 5
Sulfate 1

(a) Certified Quantification Limit

U = Compound not detected

MW-1 MW-2 Mw-4
16 Aug 8 Feb

8 Feb 16 Aug 8 Feb 16 Aug 16 Aug Dup 8 Feb 17 Aug 8 Feb 8 Feb 16 Aug
149 210 157 147 230 210
39 41 22.2 22.2 44.4 42.4
U U u U U U
0.1 U U U U u
U U U U U u
0.44 0.38 1.6 1.4 1.1 1.1
0.04 0.1 0.2 0.1 0.28 0.26
320 291 324 315 450 370
34.1 25.9 45.0 42.8 49.5 49.3



TABLE 4-17 EXTENDED
MW-5 MW-5A MW~6 WP--3 Rinsate Blank

16 Aug
Parameter 8 Feb 16 Aug 8 Feb 16 Aug 16 Aug Dup 16 Aug 16 Aug
Alkalinity 180 186 169 159 210 U u
Chloride 164 240 128 28.5 28.5 16.1 U 182
Cyanide, Total U U U U 14 u u u
Fluoride 0.1 1] U u i} u u U
TPH u U 1.2 u u U U u
Nitrogen 2.2 2.7 0.01 2.6 2.8 0.04 u 0.01
Phosphorous 0.70 0.1 0.2 0.1 0.2 0.1 u U
Residue, Total 700 850 440 260 560 1,200 u U
Sulfate 43.4 38.5 7.5 13.0 13.1 460 u U




Sulfide was detected in well points WP-1 and WP-3 at 340 and 360 mg/L,
respectively, both of which exceed the Pennsylvania ambient drinking
water standard of 250 mg/L.

4.3 NATURE AND EXTENT OF CONTAMINATION IN THE MARSH RUN SURFACE WATER
AND SEDIMENT SAMPLES

4.3.1 Volatile Organic Compounds in Stream Surface Water and Sediment
Samples

Table 4-18 summarizes the organic analysis data in the Marsh Run surface
wvater and sediments.

All volatile organics were below the detection limit in the stream
sediment samples collected in Marsh Run Creek and in the adjacent swamp
east of the site. TCE was detected in surface water samples SWS-2 and
SWS-3 at low concentration levels (near instrument detection limit) of

7 and 6 ug/L, respectively. A duplicate sample of SWS-2 was also found
to contain 7 ug/L of trichloroethene. Federal ambient water quality cri-
teria for carcinogenicity protection is 2.7 pg/L and 80 ug/L for ingest-
ing water and organisms and for ingesting organisms only. Volatile com-
pound 1,2-dichloroethene (total) (cis and trans) was detected in the
SWS-2 duplicate at 2 ug/L. There is no ambient water quality criteria
for protection of human health for this compound.

Further upstream, surface water sample SWS-5 was collected for purposes
of assessing whether or not upstream sites were contributing to the low
levels of TCE detected in the stream. A low level (4 pg/L) of TCE was
detected in the upstream surface water sample. Low concentrations of
the volatile compounds 1,2-dichloroethene (1 pg/L) and 1,1,2,2-tetra-
chloroethane (2 ug/L) were also detected in SWS-5. The ambient water
quality criteria for carcinogenicity protection in humans for 1,1,2,2-
tetrachloroethene is 0.17 ug/L for ingesting of water and organisms and
10.7 ug/L for ingesting organisms only. However, VOCs detected in SWS-3
are not attributable to Marsh Run Field. Background surface water sample
SWS-1 was found to contain no detectable organic compounds. Acetone vas
detected at 83 and 67 ug/L in SWS-5 and SWS-5 duplicate, respectively;
however, the associated trip blank was found to contain acetone at a
concentration of 77 ug/L. Based on the normalization criteria, acetone
was discounted as laboratory/field sampling artifact contamination.

Based on the distribution of low-level concentrations of volatile organic
compounds in the surface water, an upgradient source with respect to the
site is suspected to be contributing low levels of volatiles to the
stream water. Marsh Run Field may also be contributing to the low-level
volatiles in the surface water via ground-water base flow to the stream.
Due to the low concentration levels encountered, it is difficult to
determine the proportion of onsite to offsite contribution of volatiles
to the surface water. The persistence of low levels in moving surface
wvater, which would promote relatively rapid volatilization of the com-
pounds away from the immediate source, suggests that a source(s) is both
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TABLE 4-18

SUMMARY OF ORGANIC COMPOUND ANALYSIS OF STREAM

Yo
»
e

SURFACE WATER (uq/L) AND SEDIMENT (ug/kg)

i

SAMPLES

Stream Sediments

Trip Blank Rinsate Blank

Stream Water Sample

$5-1 $5-4 §5-5 coL'®) T8 Fan 18 Jan 18 Jan 18 Jan SWS-1
55~1 Dup S§5-2 S$$-3 S5-4 Dup S5-5 Dup {pg/L) #3 $4 #3 $4 SWS-1 Dup SWS-2

VOLATILES

Trichloroethene 5 7
Acetone [none detected} 10

1,2-Dichloroethene, total 5

1,1,2,2-Tetrachloroethane 5

SEMIVOLATILES

Benzo(g,h,i)Perylene 2803 4503 10

Benzo{a)Pyrene 4803 900J 10

Benzo(k)Fluoranthene 3703 8507 10

Benzo{b)Fluoranthene 3109 7903 10

Fluorene 2903 10

Anthracene 4900 10

Benzoic Acid 50

2-Methylnaphthalene 1503 10

Diethylphthalate 1507 10

Phenanthrene 5703 2,100 10

Di~-n-Butyl phthalate 2703 2003 10

Fluoranthens 7803 2,600 10

Pyrene 8603 2,000 10

Benzo(a)Anthracene 4303 1,1003 10

bis{2-ethylhexyl)phthalate 1603 1802 10

Chrysene 5907 1,300J 10

Indeno(1,2,3-cd)Pyrene 2303 4803 10
Tentatively Identified
Compounds or Unknowns[(a)l {1} [11 11 [3] [71 [31] {71 (8} 4] [51 [31 [4] [5]
4-bromo—-2-penene 5133

Acetic acid 173

3 Penten-2-one 13 8J 73B
Hexadecanoic acid 3,5003B 2,500JB 203
1-2 Propanediol 1,9003B 3,50008B

Ethanol,2-(2-methoxyethoxy) 7403

l-Hexadecanol,2-methyl 1,0003

Hexanedioic acid, dioctyl ester 6700

2-ethylhexanoic acid 1,100JB
PESTICIDES

4,4'-DDE 620 540

4,4'-DDD 120 100

4,4°'-DDT 300 190
PCB

[none detected]

r agueous samples only.

{a) Total number of unkown compounds detected in the peak library search.

(b)) Certified Quantification Limit (for aqueous samples), specified fo
percent moisture and dilution factor.

B = Compound detected in method blank.

J = Estimated value.

s =

Compound detected in sample at <5 times the concentration detected in associated trip or rinsate blank.

Soil CQL may vary with
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TABLE 4-18

EXTENDED

VOLATILES

Trichloroethene

Acetone
1,2-Dichloroethene, total
1,1,2,2,~Tetrachloroethane

SEMIVOLATILES
Benzo(g,h,i)Perylene
Benzo(a)Pyrene
Benzo(k)Fluoranthene
Benzo{(b)Fluoranthene
Fluorene
Anthracene
Benzoic Acid
2-Methylnaphthalene
Diethylphthalate
Phenanthrene
Di-n-~Butyl phthalate
Fluoranthene
Pyrene
Benzo{a)Anthracene
bis(2~ethylhexyl)phthalate
Chrysene
Indeno(l,2,3-cd)Pyrene

Tentatively Identified
Compounds or Unknowns([(a)]
Acetic acid

3 Penten-2-one
Hexadecanoic acid
Cyclotrisiloxane
2~Furancuboxaldehyde
Clyclopetasiloxane
15-tetracosenoic acid
Hexadecanoic

PESTICIDES
4,4’ -DDE
4,4'-DDD
4,4'-DDT

PCB
[none detected]

Stream Water Sample

Trip Blank

Rinsate Blank

SWS-2
Dup

SWS-3

SWs-4

SWS-5

SWS-5
Dup

19 Jan 16 Aug 19 Jan

#5

#5

(6]
223

8J
200

(3]
233
300JB

(41}

13

43
83s

27

43
67s
1J
27

2J

3J
2J

{2]

22JB
100
9JB
58J
403

(71

11

{71



near surface water sampling points SWS-5 (offsite) and SWS-2 and SWS-3
(onsite).

4.3.2 Semivolatile Compounds in the Stream Surface Water and Sediments

Table 4-18 summarizes the semivolatile compounds detected in the stream
sediments. Low-level semivolatiles were detected in stream sediment sam-
ples SS5-5 and SS-5 (Dup). The majority of semivolatile compounds were
PAH compounds, all of which were detected at concentrations below the
contract reporting limit but above the instrument detection limit, with
the exception of fluoranthene, phenanthrene, and pyrene which were
detected at 2,600, 2,100, and 2,000 ug/kg, respectively.

Low levels of anthracene, fluoranthene, and pyrene were detected in sur-
face water sample SWS-5 (Dup) at 2 pg/L each. Stations SS-5 and SWS-5
are located upstream of Marsh Run Field. Consequently, low-level contam-
ination encountered in sediment and surface water is not attributable to
Marsh Run Field.

In summary, low-level concentrations of semivolatile compounds were
detected in the sediment and surface water at stream sampling points
SWS-5 (surface water) and SS-5 (sediment). This sampling station is
upstream of Marsh Run Field. Surface water concentrations are diluted
further downstream. The sediments at stream sediment location SS-5
suggest sediment loading or seepage from adjacent landfilled marsh area
Site 4 on NCAD (see Section 1.2.2). Sampling stations SS-5 and SWS-5 are
also located adjacent to a heavy equipment storage area which may account
for oil/asphalt-related compounds. The semivolatile compounds detected
are not readily soluble in water.

4.3.3 Pesticides and PCBs in Stream Surface Water and Sediments

Table 4-18 summarizes the pesticide/PCB analysis data.

The pesticide 4,4’-DDT and its metabolites 4,4’-DDE and 4,4’-DDD were
detected in stream sediment sample SS-5 at 620, 120, and 300 ug/kg,
respectively. A duplicate analysis of SS-5 revealed the same compounds
at 540, 100, and 190 ug/kg, respectively.

Low-level pesticides are present at the SWS-5 surface water and SS-4
sediment locations. These pesticides are not related to fill placed at
Marsh Run Field, but rather, in the case of S$S-4, an artifact of pesti-
cide spraying in the area, and in the case of SWS-5, most likely from
pesticides in leachate seeps from offsite sources which have been
previously documented during other environmental investigations.

4.3.4 Trace Metal Concentrations in Stream Sediment and Surface Water

Stream sediment and surface water samples collected in Marsh Run Creek
were compared to background sample SS-1 (sediment) and SWS-2 (surface
water). Table 4-19 summarizes the trace metals analysis data.
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TABLE 4~-19 SUMMARY OF METALS ANALYSIS OF

STREAM SURFACE WATER (TOTAL) AND SEDIMENT SAMPLES

Parameter

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Boron
Molybdenum
Silicon

Compound detected in sample at
Below detection limit.

[2]
[}

Stream Sediments {(mg/kg)

Rinsate Blank

55~-1 5$5-4 55-5 18 Jan 18 Jan

SS—1 Dup S$5-2 55-3 55-4 Dup SS-5 Dup #3 #4
6,170 5,300 22,130 12,200 7,200 16,200 13,600 13,300 u U
U U u U U u 4 U U u
11.8 9.2 36.4 13.1 32.4 23.3 7.6 9.8 U U
51.9 51.6 175 69.9 108 94.6 64.3 59.2 U u
0.32 0.22 1.1 0.49 0.66 0.49 0.59 0.44 U u
u U U 0.62 1.5 1.8 0.63 0.44 U U
2,170 1,950 2,750 1,910 3,810 4,240 5,180 3,280 45.0 59.0
9.8 8.9 24.9 12.6 18.2 19.1 20.9 15.9 i U
8.5 8.9 11.1 11.7 7.6 7.5 10.3 10.0 U U
8.9s 17.0s 14.0s8 13.4s 27.28 32.7s 16.3 15.0 16.1 u
17,500 11,900 19,800 16,100 29,800 26,900 26,700 22,000 u u
13.2s8 20.7s 19.4s 12.7s 75.8 73.2 21.5 25.8 8.9 2.4
1,450 1,240 2,810 3,430 2,090 2,190 2,840 2,450 U U
372 249 175 175 300 345 898 555 29.5 26.8
u U 0.165 u 0.24sS 0.16S u U u 0.20
8.2 10.6 18.6 17.2 15.9 16.4 14.5 13.1 U u
408 368 746 622 922 994 991 735 U u
U U 0.37 U 0.84 0.53 U 0.10 U i)
U U u u u U U u U U
1358 148s 119s 107s 1158 151s 248 1,400 245 176
U u u u U u U U U u
26.3 17.8 42.8 22.6 33.0 34.1 25.9 20.4 U u
75.28 70.5s8 81.8s 60.958 13658 157 59.4 58.8 25.2 31.9
1 U U U u U U u i U
u U u u U U U u U u
999 824 1,430 962 1,170 1,570 32.7 128 107 96

<5 times the concentration detected in associated trip or rinsate blank.



TABLE 4-19

EXTENDED

Parameter

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Coppet
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Boron
Molybdenum
Silicon

Stream Water Samples (wg/L)
SWs-1 SWs-2 SWs~5 Rinsate Blank

SWS-1 Dup SWS-2 Dup SWS-3 SWS-—-4 SWs~5 Dup #5
354 134 U u 162 1,410 12,000 4,990 u
U U U u u U U U U
U 2.3 u U 3.7 u U u u
43.8 36.0 57.6 62.0 61.3 10.2 215 139 U
U U u u u u u u U
U u U u u u u u U
43,900 41,800 75,400 73,700 75,600 51,000 67,300 59,700 90.0
1) U u U U U 23.2 U U
u u U U u U ‘U U U
14.7s8 14.5 15.5s8 14.2s8 13.9s 10.95 23.7 ] 15.2
345 143 655 640 900 1,610 22,800 9,470 U
5.25 2.65 u u 4.4s 5.68 53.5 23.4 1.8
8,510 8,520 10,900 10,700 11,100 7,600 12,100 10,600 U
67.0s 43.6S 204 211 225 180 1,040 680 23.1
u 1.1 2.1 u u 0.51 u u ]
U u U U u u u u U
4,710 4,720 2,390 2,430 2,480 3,120 2,680 2,230 u
u (4] U u 4] U 4] u U
U U U u U U u U u
14,600 14,200 54,700 54,400 54,500 34,400 35,400 34,400 279
v U u u U U u U U
u U U u U U 27.2 U u
33.7s 33.38 31.8 36.28 42.1s8 51.0s 170 717.2 34.1
u U 71.0 82.0 u u 161 184 u
u u u u u u u u u
9,670 9,510 4,940 5,070 5,570 4,730 17,700 10,100 520
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Arsenic was detected in sediment samples SS-2 (adjacent to the site)

and SS-4 (in swamp area) at 36.4 and 32.4 mg/kg. These concentrations
were approximately 3 times the background (9.2-11.8 mg/kg) concentration
detected in SS-1. Remaining sediment arsenic concentrations were con-
sistent with background levels.

Barium was detected at elevated levels in sediment samples SS-2 and SS-4
at 175 and 108 mg/kg, respectively, which is approximately 2 to 3 times
background levels of 51.9 mg/kg. ‘

Chromium was detected in S$S-2 and S$S-4 at elevated levels of 24.9 and
18.2 mg/kg, respectively, compared to background levels of 8.9-9.9 mg/kg.

Lead was detected at slightly élevated levels in SS-4 and SS-4 (Dup)

at 75.8 to 73.2 mg/kg, respectively. All other trace metals analyses
indicate trace metal concentrations to be consistent with background

levels.

Low~level mercury was detected in samples S5S-2, SS-4, and SS-4 (Dup).
Background sample SS-1 showed no detectable level of mercury.

The occurrence of slightly elevated levels of arsenic, barium, chromium,
and lead in Marsh Run Creek at SS-2 and in the swamp at SS-4 appears to
suggest some localization of elevated trace metals in the stream sedi-
ments in the vicinity of Marsh Run Field. The nature of the elevated
levels, whether due to sediment load transport in the stream or surface
water runoff suspended load deposited in the stream, is unclear. Due to
the coverage of the site with vegetation, the latter scenario would most
likely have occurred prior to final cover placement and planting of grass
(circa. 1976).

Trace metal concentrations in the stream surface water and ponded swamp
water showed no apparent deviation from background levels except in the
following instances. Mercury was detected in upgradient surface water
sample SWS-1 and in downgradient samples SWS-2 and SWS-4 at 1.1, 2.1, and
0.51 ug/L, respectively. Chromium was detected at 23.2 ug/L in SWS-5.
Lead, although detected in upgradient sample SWS-1 at 5.2 ug/L, was also
detected in samples SWS-5 and SWS-5 (Dup) at 53.5 and 23.4 ug/L, respec-
tively. If should be noted that the upgradient concentration of lead and
the similar concentration levels in SWS-3 and SWS-4 should be regarded
with caution, as they are flagged because of low levels detected in the
associated rinsate blank.

Trace metal contamination in the surface water due to Marsh Run Creek
does not appear to be occurring. Concentration levels of lead and
chromium are slightly elevated at SWS-5, suggesting sediment bed load
transport from a nearby or upgradient source on the depot property.

4.3.5 Total Petroleum Hydrocarbons and Cyanide Concentration in Surface
Water and Sediment

Table 4-20 summarizes cyanide and total petroleum hydrocarbons analysis
results.
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TABLE 4-20 SUMMARY OF CYANIDE AND TPH RESULTS OF SURFACE WATER AND STREAM SEDIMENT SAMPLES

(a) Sediments (mg/L) Surface Water (mg/L)
CQL SSs-1 55-~4 SS—-5 Rinsate SWs-1 SWSs-2 SWs-S
Parameter (mg/kqg) SS—1 Dup SS-2 SS—-3 SS—-4 Dup SS—5 Dup #3 #4 SWS—-1 Dup SWS-2 Dup SWS-3 SWS—-4 SWS-5 Dup Rinsate
Cyanide 0.1 u U 0.14 U 0.34 0.33 0.2 0.1 U u U U U U u u u U u
TPH 0.1 u u 116 U u U 150 100 U u U u 'y u u U u u 10.0

(a) Certified Quantification Limit
U = Below detection limit



Total petroleum hydrocarbons were detected in sediment samples SS-2,
SS-5, and SS-5 (Dup) at 116, 150, and 100 mg/kg. These sample locations
are near roadways or, in the case of S$S-5, near heavy equipment storage
. areas. Surface runoff from parking lots and access roads are the most
likely sources of these contaminants. Elsewhere, total petroleum hydro-
carbons were below detectable levels. Low levels of cyanide were
detected above background in $S-2, S$S-4, SS-4 (Dup), SS-5, and SS-5
(Dup) at 0.14, 0.34, 0.33, 0.2, and 0.2 mg/kg, respectively.

Total petroleum hydrocarbons and cyanide were not detected in any surface
. water samples collected onsite or offsite.

4.4 NATURE AND EXTENT OF CONTAMINATION IN RESIDENTIAL WELLS LOCATED OFF
OF MARSH RUN ROAD

4.4,1 Volatile Organic Compounds in Private Wells

Table 4-21 summarizes the organic compound analysis of ground-water
samples collected from private residence supply wells. No volatile
organic compounds were detected in any private wells tested.

ooty

4.4.2 Semivolatile Compounds in Private Wells

No semivolatile compounds were deteécted in any wells except benzoic acid,

- © which was detected in the supply well located at 354 Marsh Run Road at a
concentration of 3 pg/L. Benzoic acid is a common, rather ubiquitous
organic acid often used in food preparation as well as other domestic
uses. Benzoic acid at this location is not anticipated to be related to
Marsh Run Field.

4.4.3 Pesticides and PCBs in Private Wells

Loy,

All pesticide and PCB compounds were below detection limits in all
residences’ supply wells.

4.4.4 Trace Metals in Residential Supply Wells

Table 4-22 summarizes trace metal concentrations in the residences’
supply wells. All trace metal concentrations were detected at lev-
els below state and federal drinking water criteria. No apparent
site-related trace metal contamination is present in the ground-water
supply wells of the residences sampled as part of this investigation.

4.4.5 Other Ground-Vater Quality Parameters in Residential Supply Wells

Table 4-23 summarizes the results of general water quality parameters
analysis of the residences’ supply wells. No apparent ground-water
quality degradation has occurred in those wells sampled as a result
of Marsh Run Field or past activities at the site.
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TABLE 4-21 SUMMARY OF ORGANIC COMPOUND ANALYSIS OF GROUND-WATER SAMPLES
COLLECTED FROM RESIDENTIAL SUPPLY WELLS ON 31 AUGUST 1989
(ug/L)

cor®) 354 Marsh 358 Marsh 306 Marsh 284 Marsh
(ug/L) Run Rd. Run Rd. Run Rd. Run Rd.

VOLATILES

[none detected]

SEMIVOLATILES

Benzoic Acid 10 3J

Tentatively

Identified

Compounds [3] [1]
or Unknowns[(a)]

PESTICIDES

[none detected]

PCB

[none detected]

(a) Total number of unknown compounds detected in peak library search
(b) Certified Quantification Limit
J = Estimated value




TABLE 4-22

SUMMARY OF METALS ANALYSIS OF GROUND-WATER SAMPLES COLLECTED
FROM RESIDENTIAL SUPPLY WELLS ON 31 AUGUST 1989 (ug/L)

Parameter

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
" Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Thallium
Vanadium
Zinc

(a) Certified Quantification Limit

U = Below detection limit

354 Marsh 358 Marsh 306 Marsh

Run Rd. Run Rd. Run Rd.

218 U U

39 §] U U
2.0 2.7 U u
94.0 141 94.0 65.0
1.0 U U U
29.9 U U U
4.0 U u U
0.0 63,400 47,200 66,600
6.0 U U U
.0 4] U U
.8 50.8 64.3 90.0
.0 324 89.0 27.0
.5 1.3 2.7 4.7
15,20 12,100 10,200

.0 2.5 u U
.2 U 4] U
.0 U 24,7 28.4
.4 4.1 11.0 5.0
.0 1,540 1,310 1,550
0 U U U

8 8,960 8,940 8,990
.0 U U U
.0 48,600 50,500 10,700
6 u u U
.9 U U U
.0 16.0 31.6 66.9

284 Marsh

_Run Rd.
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o TABLE 4-23 SUMMARY OF WET CHEMISTRY ANALYSIS OF GROUND-WATER SAMPLES
COLLECTED FROM RESIDENTIAL SUPPLY WELLS ON 31 AUGUST 1989
(mg/L)

co$®) 354 Marsh 358 Marsh 306 Marsh 284 Marsh

Parameter (mg/L) Run Rd. Run Rd. Run Rd. Run Rd.
Alkalinity 1.0 81.3 68.5 161 10.7
Chloride 1.0 155 134 10.7 122
- Cyanide, total 0.01 U ¢} U ¢}
Fluoride 0.2 U U U U
TPH 1.0 U U U U
Nitrogen 0.01 1.9 1.8 4.5 2.2
Phosphorous 0.1 U 0.05 U U
Residue, total 5.0 530 430 310 325
Sulfate 5.0 37.5 36.3 45.8 34.2

(a) Certified Quantification Limit
U = Below detection limit




4.5 CONCLUSIONS

In light of the analytical results presented in this section, the conclu-
sions as to the nature and extent of contamination at the Marsh Run Field
site are as follows:

1. Although not directly sampled, the "waste fill" onsite can
be characterized indirectly, based on peripheral analytical
data, as exhibiting elevated concentrations of semivolatile
compounds, specifically PAHs. These compounds are ubiqui-

o tous and are common constituents of asphalt, coal tar, and

creosote. They are fairly immobile in ground water. Ana-

lytical data for soils collected from MW-2 (eastern edge of
fill) showed relatively high concentrations of several PAH
compounds, particularly phenanthrene and fluoranthene, at
levels exceeding 1,000,000 ug/kg (1,000 mg/kg). Although
the highest concentrations were obviously detected onsite,
. much lower levels (i.e., approximately two to three orders
of magnitude lower) were found dispersed offsite in other
fill material, which indicates that these semivolatile
compounds are not unique to the site.

2. Elevated concentrations of the trace metals barium, lead,
copper, and silver, which were detected in soil samples col-
oo lected onsite, are apparently related to the "waste fill."
Soil samples collected from MW-2 characteristically exhib-
ited the highest concentrations of trace metals. Coinciden-
tally, MW-2 is located closest to the "waste fill."

3. Based on ground-water data from shallow overburden wells
and the respective water level and saturated thickness of
o fill during each of the two sampling events, the fill is
identified as a potential source of VOCs. The detection of
the VOCs vinyl chloride and 1,2-dichloroethene (total) in
shallow overburden wells during the second sampling event
when water levels were higher and a greater portion of the
"waste fill" was saturated indicates the fill as a potential
temporal VOC source. Based on inferred ground-water flow
= patterns at the site, the presence of VOCs in the shallow
ground water implicates the fill as a potential source of
VOCs. It is unlikely that an offsite source would result
in VOC contamination in the shallow overburden onsite based
on inferred ground-water flow paths. Furthermore, with the
exception of acetone detected in MW-5A no VOC contamination
was detected in the ground water anywhere offsite in either
. the overburden, bedrock, or residential wells.

4. Volatile organic contamination appears to be present in a
localized area in the bedrock aquifer beneath the site. The
persistence of detected TCE and other chlorinated aliphatics
at very similar concentrations during both sampling events
suggests that a contaminant source exists that has impacted

- the bedrock aquifer beneath the site. The VOC contamination
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is not present in monitoring wells to the west, to the
southwest, or in residential wells to the east. Based on
inferred ground-water flow patterns of the bedrock aquifer,
the predominant contaminant migration direction would be to
the north towards the Susquehanna River. Monitoring wells
located further north of the site would be needed to better
define or assess potential migration pathways.

The source of volatile organic compound contamination in
both the bedrock and overburden ground water appears to be
the fill material placed at Marsh Run Field. The varying
ratios of TCE versus its probable biodegradation by-products
in the saturated overburden and bedrock aquifer respectively
may be related to the unique effects of each of the saturat-
ed matrix materials (fill clay and peat or bedrock) on the
biotransformation capability of the microorganisms. The
aforementioned relative variance of TCE vs. probable trans-
formation products may also be an indication that vertical
migration of contaminants to the bedrock aquifer is rapid
enough to compensate for rapid biodegradation in the over-
burden. Consequently, TCE invades the bedrock in a less
transformed state. Interactions between environmental con-
ditions such as dissolved oxygen, re-dox potential, tempera-
ture, pH, and salinity, and the presence of particulate
matter as well as the critical concentration range of the
compound of interest, and the presence of adapted or adapt-
able organisms often control the occurrence, rate, and prod-
uct of biodegradation (Parsons et al. 1982). The environ-
mental fate and transport of the volatile organic compounds
detected onsite will be discussed in more detail in

Chapter 5, Fate and Transport of Contamination.

Low-level volatile organic compounds are discharging to
Marsh Run Creek upstream and adjacent to Marsh Run Field.
There are documented sources of low-level volatiles and
semivolatiles upstream of Marsh Run Field. However, based
on ground-water flow paths there is a potential that ground-
water base flow to Marsh Run Creek from beneath Marsh Run
Field may be or may have been contributing to the low-level
volatile organics in the surface water. This speculation
has not been confirmed by recent sampling. MW-7, which is
situated between the "waste fill" and Marsh Run Creek (i.e.,
downgradient of Marsh Run Field), has not exhibited VOC
contamination.

Total trace metal contamination in the ground water appears
to be partially site derived, but the presence of elevated
trace metals in upgradient wells suggests that an offsite
source of trace metals (possibly fill or the sewage sludge
land treatment area) is also contributing to the elevated
trace metals in the ground water. In evaluating the mobili-
ty of the metals in ground water, dissolved metals analysis
is more applicable.

4-16




-

The site has not adversely affected the ground-water quality
of those residences’ wells that were sampled and analyzed.
These residences are hydraulically upgradient of the site
and are not expected to be affected in the future.

Stream sediment transport and fugitive dust emissions were
not identified as exposure pathways.
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5. FATE AND TRANSPORT OF CONTAMINATION

The results of the physical and chemical characterization of the study
site implicate the former NCAD landfill, Marsh Run Field, as a source for
low-level volatile organics and trace metal contamination of the ground
water and low-level volatile contamination of the surface water in the
vicinity of the site. This chapter discusses the potential transport
mechanisms of site-derived contaminants based on the conceptualized site
model developed from the site’s historical background, physical condi-
tions, and nature and extent of contamination. In light of the site’s
physical condition (Chapter 3) and nature and extent of contamination
(Chapter 4), the following migration pathways will be evaluated in this
section:

. .Ground-water migration of contaminants within the overburden
fill and in the bedrock aquifer. Specifically, the movement
of contaminants from the saturated "waste fill" (presumed
source) to the deeper bedrock aquifer will be discussed. A
second component of ground-water transport of contaminants is
the interaction with the surface waterbodies (i.e., Marsh Run
Creek and the Susquehanna River) which surround the site.

. Surface water and sediment transport via site surface water
runoff.

. Surficial soil transport via fugitive dust emissions or
erosion or leaching of contaminants into the ground water.

0f the aforementioned potential contaminant transport mechanisms,
ground-water transport is considered the most significant vehicle
for offsite migration of site-derived contaminants.

Because of the site’s topographic position and location with respect to
surface waterbodies, which serve as hydraulic barriers, it can be pos-
tulated that the Marsh Run Field "waste fill" represents the source of
volatile contaminants detected in the ground water collected from site
monitoring wells. The natural hydraulic barriers--in particular Marsh
Run Creek--prevent site-derived contamination from migrating further to
the south or east beneath Marsh Run Creek.

With the exception of methylene chloride and acetone, none of the vola-
tile organic chemicals detected in the ground water, both within the fill
and in the underlying bedrock aquifer, were detected in any soil sample.
However, only peripheral testing (i.e., soil samples collected near or
outside the "waste f£fill") were analyzed as per the scope of work, and

it is therefore conceivable that volatile organic source areas were not
encountered in the monitoring well borings. The monitoring wells exhib-
iting the highest volatile organic compound (VOC) concentration in the
saturated fill/overburden were well points WP-1 and WP-3, which were
installed within the "waste fill" proper. However, these well points
were pushed into the fill and consequently no soil sampling and analysis
accompanied their installation. In light of the hydrogeologic conditions
at the site, the presence of detectable VOCs in onsite overburden wells
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is a direct implication that the source(s) of VOCs are present within
the site confines.

The occurrence of VOCs in the bedrock aquifer beneath the site was con-
sistently confirmed with similar concentrations of the same compounds
detected during both sampling events. As previously stated, in light of
the inferred ground-water flow paths, the relative topographic position
of the site to the surrounding area, and the absence of detectable vola-
tile ground-water contamination offsite, it appears that Marsh Run Field
is a primary source of volatile compounds. Chapter 4, Nature and Extent
of Contamination, discusses specific VOCs and respective concentrations
in the ground water.

Elevated trace metal concentrations were detected in the ground water
within the saturated fill and overburden and in the bedrock aquifer.
Although the occurrence of elevated trace metals was most prevalent in
the peripheral fill in the Marsh Run Field confines or in the bedrock
aquifer beneath the site, elevated levels were also detected in monitor-
ing wells upgradient. The occurrence of elevated trace metal concentra-
tions upgradient of the site suggests a potential allochthonous (offsite)
source of trace metals. As previously stated in Chapter 4, past waste
management practices suggest that waste high in leachable trace metals
(sewage sludge) further upstream along Marsh Run Creek may be a likely
source of trace metals. The location and description of the potential
offsite trace metal source(s) are described in Chapter 1.

The occurrence and distribution of contaminant compounds in each envi-
ronmental matrix (i.e., ground water, soil, and surface water/sediments)
have been previously discussed in Chapter 4 (Nature and Extent of Con-
tamination). The following sections address, to the extent possible,
each environmental matrix and the fate and transport mechanisms for

the specific chemicals of concern.

5.1 GROUND-WATER TRANSPORT

In summary, ground-water movement in the vicinity of Marsh Run Field can
be characterized as follows. The regional ground-water flow in the bed-
rock aquifer consists of a primarily south-to-north trend from the higher
elevation Triassic uplands toward the low ground-water discharge point at
the Susquehanna River. This general south-to-north regional trend is
complicated by the roughly west-east trending perennial Marsh Run Creek.
Marsh Run Creek serves locally as an intermediate ground-water discharge
point for ground water in the immediately adjacent saturated overburden
and shallow bedrock aquifer. At some depth, presumably greater than

100 ft, intermediate ground-water discharge to Marsh Run Creek ceases

to occur and ground-water underflow beneath Marsh Run Creek results in

a more regional flow pattern (i.e., south to north) to the Susquehanna
River. The exact nature and velocity of flow at these greater depths

was not investigated as part of this project.

Further complicating regional flow patterns is the presence of saturated

fill placed over Marsh Run Field. As a result of the placement of rela-
tively higher permeability and porosity fill material with respect to the
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surrounding natural soils, a shallow ground-water mounding occurs. This
mounding was observed to fluctuate several feet over the period of inves-
tigation. Consequently, the effect of shallow ground-water mounding
within the fill on the bedrock aquifer ground-water flow pattern is
proportional to the height of the mound. For example, when net precip-
itation infiltration is high, the ground-water mound beneath the site
increases and the result is a radial ground-water flow pattern from the
mound apex out in several directions towards the lower discharge area

{(stream, river, and marsh). The higher the elevation of the ground-water

mound, the greater the influence exerted on the bedrock ground-water
flow patterns via downward leakage to the bedrock aquifer. Comparison
of Figures 3-17 and 3-19 with Figures 3-18 and 3-20 illustrates the
increased influence on bedrock aquifer flow patterns from higher shallow
ground-wvater mounding.

Ultimately, the cumulative ground-water flow field influence from the
mounding in the saturated fill and intermediate discharge point to Marsh
Run Creek has resulted in a quasi-radial flow from Marsh Run Field
towards Marsh Run Creek and the Susquehanna River. Consequently, the
Susquehanna River and Marsh Run Creek serve as hydraulic boundaries that
prohibit ground-water flow across these boundaries to at least the depth
investigated (i.e., 50 ft). It is postulated that in deeper bedrock
zones ground-water flows under Marsh Run Creek from south to north on

a more regional basis. Due to the physical size of the Susquehanna as
compared to Marsh Run Creek, the Susquehanna can be considered a regional
and ultimate ground-water discharge point. Discharged ground water to
Marsh Run Creek is carried as surface water flow into the Susquehanna
River.

In addition to the aforementioned ground-water flow considerations, it is
important to reemphasize the other significant (i.e., vertical) component
of ground-water flow. Based on observed field conditions and the results
of the ground-water flow model (Chapter 3), the vertical migration of
contaminants from the saturated fill to the underlying bedrock is the
primary source loading mechanism. More specifically, the transference

of site ("waste fill") derived contamination can either migrate laterally
in the saturated overburden/fill towards adjacent discharge points or
migrate vertically (or a resultant flow vector of vertical flow) downward
into the bedrock. The convening and apparently continuous silt and clay
layer between the saturated "waste f£ill" and bedrock is the controlling
factor in vertical migration rates. Conversely the primary controlling
factor affecting horizontal flow is the surrounding natural and reworked
soils peripheral to the waste fill. Simply stated, the magnitude of
horizontal flow and discharge to surface waterbodies per unit thickness
of saturated overburden versus the magnitude of vertical leakage from the
saturated fill via the clay layer to the bedrock aquifer over the areal
extent of the site constitutes the total site-related ground-water flux
into the environment. Ground-water modeling (Chapter 3) indicates a 1 to
49 (i.e., 2% to 98%) ratio of saturated overburden ground-water flux into
the surface waterbodies versus the leakage to the bedrock aquifer. Com-
parison of the vertical to horizontal linear ground-water velocity in the
overburden (Chapter 3) indicates that only the ground water in the satu-
rated overburden close to the discharge points (i.e., Marsh Run Creek and
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the Susquehanna River) will reach these discharge areas via horizontal
flow. Conversely, in areas in the central portion of the landfill on the
order of hundreds of feet from the nearest ground-water discharge point,
the saturated overburden ground water will tend to migrate vertically
into the bedrock aquifers. It should be noted, however, that even though
the majority of saturated overburden ground water initially migrates
vertically to the bedrock aquifer, the bedrock ground-water flow paths
ultimately migrate to the same surface water discharge points.

As the source of volatile contamination migrates vertically in the
bedrock, the ground-water flow pattern strongly reverts to a northward
flow toward the Susquehanna River. The contaminant flux to the ground
wvater can be expressed by contamination concentration of ground water
times the ground-water discharge volume. Complicating factors to this
generic approach are dispersion, retardation, decay, and dilution. Some
of these parameters can be estimated or inferred, such as retardation and
decay; others are not significant or are not able to be quantified within
the context of this investigation (i.e., dispersion). Figure 3-21 shows
an idealized concept of ground-water flow patterns at the site.

5.1.1 Volatile Organic Transport in Ground Water

0f all the chemical compounds of concern, VOCs are of particular
concern. The volatile compounds trichloroethene, 1,2-dichloroethene
(total), 1,1-dichloroethene, 1,1,2,2-tetrachloroethene, and vinyl chlo-
ride were all detected in site monitoring wells. The occurrence of these
organic compounds follows several discernible patterns of distribution
with respect to onsite/offsite and bedrock aquifer/saturated overburden
occurrence. In general, VOCs (except acetone) were detected in monitor-
ing wells directly beneath or downgradient of the site. The speciation
and temporal occurrence of VOCs, however, were unique to the overburden
and bedrock wells, respectively. Specifically, the relative concentra-
tion of trichloroethene compared to other volatile compounds 1,2-dichlo-
rothene (total) (cis and trans), 1,1,2,2-tetrachloroethane and vinyl
chloride exhibit a unique pattern of occurrence.

In general, in bedrock wells MW-1 and MW-4, concentration ratios of tri-
chloroethene compared to 1,2-dichloroethene (total) were 4.2:1 and 4.0:1,
respectively. This comparison was made from analytical results from the
second sampling round. During the first sampling round, the ratio of
trichloroethene to 1,2-dichloroethene (total) in MW-4 was 10.5:1. The
comparison for the first round was not performed for MW-1, because
1,2-dichloroethene (total) was not detected.

For the same comparison of the VOCs detected in overburden wells MW-1A,
MW-4A, and WP-1, the relative ratios of trichloroethene to 1,2-dichloro-
ethene (total) were 0.2:1, 1.2:1, and 0.04:1, respectively. In over-
burden well MW-2A, although 1,2-dichloroethene (total) was detected in
both the first and second sampling rounds, trichloroethene was not. The
higher percentage of other VOC speciation compounds relative to trichlo-
roethene in the overburden suggests that a mechanism of transformation is
degrading trichloroethene at a more rapid rate relative to that which is
occurring is the bedrock aquifer. The relatively higher percentage of
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1,2-dichloroethene (total), which is a chemical with limited industrial
use, implies that trichloroethene transformation is occurring.

Work by others (Gibson 1978) has investigated the biotransformation of
the industrial solvents tetrachloroethene, trichloroethene, 1,1,1-tri-
chloroethane, and tetrachloromethane by microbial organisms in the envi-
ronment. Specifically, transformation by-products of trichloroethene
(cis- and trans-1,2-dichloroethene, and vinyl chloride) were detected in
bench scale studies of microbial transformation in muck sediments from
the Florida Everglades (Parsons et al. 1984). They reported that reduc-
tive dehalogenation (i.e., dechlorination) of trichloroethene resulted in
the formation of the chlorinated aliphatics cis and trans 1,2-dichloro-
ethene. Neither of these compounds are heavily produced for industrial
use.

In order to facilitate microbial transformation of chlorinated aliphat-
ics, the essential elements are: available electrons, a mediator between
electron donor and acceptor, and an electron acceptor (Parsons 1983).

In the saturated overburden environment encountered at Marsh Run Field,
electron donors could exist in the decay products of the organic waste
accumulations, mediators for transferring electrons such as microbial
populations, and the electron acceptor being the halogenated organic
solvents.

Abiotic transformation (i.e., for example Fe+3 mediation) of halogenated
aliphatics can also account for speciation of daughter compounds, but
this transformation mechanism is generally slow when compared to bio-
transformation mechanisms. However, In light of the monitoring well
chemical data (presented in Chapter 4), the primary elements of specific
interest are the distinct speciation of VOCs in the saturated overburden
and bedrock aquifer, respectively. It can be postulated that trichloro-
ethene, a common industrial metal degreaser, was initially the primary
source compound. Tetrachloroethene, also a common industrial solvent,
may also have been an original source but degraded rather quickly to
trichloroethene. Vinyl chloride is another common chemical produced in
large quantities; however, it has been observed that vinyl chloride can
also be a transformation by-product of trichloroethene and tetrachloro-
ethene. Conversely, cis- and trans-1,2-dichloroethene (total) are not
heavily used industrial compounds and are not produced in large quanti-
ties. Table 5-1 lists the annual production rates in 1985 of several of
the common halogenated aliphatic compounds.

Examination of the ground-water chemical data for overburden monitoring
wells clearly indicates transformation (biotic or abiotic) occurring in
the overburden zone by the relative abundance of 1,2-dichloroethene
(total) in comparison to trichloroethene in WP-1 and MW-2A. The trans-
formation of trichloroethene has occurred and is probably occurring in
the saturated overburden at a sufficient rate to have depleted most of
the trichloroethene species after initial release. 1In overburden well
MW-4A, both 1,2-dichloroethene (total) and trichloroethene were detected
at similar concentrations, near the detection limit. However, based on
inferred vertical ground-water flow rates compared to lateral ground-
water flow in the saturated overburden, it is postulated that upon the
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TABLE 5-1 PRODUCTION RATE OF INDUSTRIAL SOLVENT IN THE U.S. (1985)

Production
Compound (million lb/year)
Vinyl Chloride 7,000
1,1-Dichloroethene 200
Trans-1,2-Dichloroethene <0.001
Trichloroethene 200
Tetrachloroethene 550
1,1-Dichloroethane _ <0.001
1,2-Dichloroethane 12,000
1,1,1-Trichloroethane 600

Methylene Chloride 600



initial release of potential parent compounds such as TCE, that vertical
migration would occur quickly enough to allow for some TCE to enter the
bedrock before extensive transformation could occur.

Given the vertical hydraulic conductivity of 2.5 x 10—6 cm/sec

(0.007 ft/day) of the clay which underlies the site, the variable thick-
ness of clay encountered beneath the site from 2 to 5 ft, an estimated
effective porosity of 30 percent, and average hydraulic head differential
between the saturated overburden and bedrock aquifer of 1 ft dissipated
over the thickness of the clay, vertical migration rates through the clay
would range from 0.5 to 2.7 years. This assumes no discontinuities of
fissuring of the clay.

In overburden well points WP-1 and WP-3, vinyl chloride and 1,2-dichlo-
roethene (total) were detected at similar concentrations. In WP-1, vinyl
chloride and 1,2-dichlorothene (total) were detected at 96 and 110 upg/L,
respectively. In WP-3, vinyl chloride and 1,2-dichloroethene (total)
were detected at 3 and 11 ug/L, respectively. Although vinyl chloride
could potentially be a parent source compound, its presence with probable
trichloroethene daughter compound 1,2-dichlorothene (total) at a similar
concentration suggests that it may also be a biotransformation by-product
of trichloroethene. A study of the occurrence of vinyl chloride with
other chlorinated aliphatics (Brass 1985) reported that the co-occurrence
of vinyl chloride with cis- and trans-1,2-dichloroethene was most common
in a survey of ground-water supply wells. Figure 5-1 illustrates an
idealized reaction profile for various volatile compounds.

In general, the biotransformation by-products 1,2-dichloroethene (total)
and vinyl chloride (either parent product or by-product) are persistent,
with long half lifes in the environment in both abiotic and microbial
environments. Conversely, trichloroethene has been reported to have a
half life of as little as 43 days in a muck (organic rich) biotic envi-
ronment (Parsons et al. 1984). In the absence of transformation mech-
anisms, trichloroethene may persist for much longer periods. The half
life of trichloroethene in an abiotic environment in pH 7 water is
reported at between 0.9 and 2.5 years (Vogel and McCarty 1987). The
aforementioned half life of trichloroethene is for 10 C water with a
3.5-fold decrease in half life for each 10 C increase in temperature
(Vogel and McCarty 1987). The abiotic mechanism for the slower reaction
rates is reported as dehydrohalogenation (i.e., removal of halogen and
concomitant removal of hydrogen from adjacent carbon).

The very low concentrations of the VOC 1,1,2,2-tetrachloroethene detected
in overburden wells MW-1A and MW-4A may be representative of typical
impurities found in trichloroethene and tetrachloroethene supplies. The
reaction profile of 1,1,2,2-tetrachloroethene is shown in Figure 5-1.

In contrast with the saturated overburden, the bedrock aquifer exhibits a
discernible speciation of volatile organics with trichloroethene detected
at higher relative concentration with respect to other potential daughter
volatile compounds.
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Specifically, trichloroethene is the most prevalent volatile compound in
the bedrock aquifer and was detected during both ground-water sampling
events with good repeatability in bedrock wells MW-1 and MW-4. Volatile
compounds 1,2-dichloroethene (total) and 1,1-dichloroethene, both of
wvhich are potential by-products of trichloroethene abiotic or biotic
transformation (Figure 5-1), were also prevalent in MW-1. The relative
high ratio of trichloroethene to other potential by-products suggests
that the transformation mechanisms occurring in the bedrock aquifer are
slower than those occurring in the saturated overburden or that migration
occurred to a slower reacting environment before transformation could
progress.

In general, from a qualitative perspective, the following initial assump-
tions concerning the fate of the source volatile compounds are:

1. Trichloroethene is a primary source compound. It is present
both in the saturated overburden (i.e., from not detected to
24 ug/L) and in the bedrock aquifer (i.e., from not detected
to 400 ug/L).

2. Trichloroethene and possibly tetrachloroethene have under-
gone and are currently undergoing transformation to the more
environmentally persistent daughter compounds 1,2-dichloro-
ethene (total), 1,1-dichloroethene, and possibly vinyl
chloride. '

3. Based on the relative percentages of parent vs. daughter
volatile compounds, it appears that the mechanism of trans-
formation occurring in the saturated overburden is microbial
reductive dehalogenation. This process has been investigat-
ed by others in an anaerobic environment. Results of these
analyses on samples in muck (organic decay rich environment)
indicate that transformation half lifes of trichloroethene
in the aforementioned environment are on the order of 1 to
2 months.

Slower transformation by abiotic mechanisms which utilize
inorganic electron transfer mediators or by dehydrohalo-
genation may be the primary process occurring in the bedrock
aquifer. Consequently, the relative parent to daughter
ratios observed in the bedrock aquifer are higher (indicat-
ing transformation is slower) than those encountered in the
saturated overburden. Vinyl chloride, which is a potential
second step transformation intermediary, was not detected in
the bedrock aquifer. However, due to its high volatility,
very low concentrations (i.e., near detection limit) may
have off-gased during sampling.

4. Secondary volatile sources such as 1,1,2,2-tetrachloroethane
are also present and are typically found as impurities in
industrial grade trichloroethene. These compounds also
degrade or transform by similar abiotic and microbial
mechanisms.
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5. Other source-specific volatile compounds such as methylene
chloride and acetone spuriously detected in site monitoring
wells have been regarded with scrutiny, because they are
potential artifact laboratory contaminants.

The source area, presumably the fill, has been observed to generate
volatile contamination in a temporal loading scenario. Volatile com-
pounds were detected during the second sampling round but not the first,
an indication of the cyclic source generation, although source loading
to the bedrock may be relatively continuous. It is unknown how old the
sources are. Realistically, periodic source generation by flushing of
solvent-laden areas or breaching of potential containers of solvents
constitute the major sources within the fill.

Organic compounds differ widely in their solubility, from infinitely
miscible polar compounds to extremely low-solubility compounds such as
polynuclear aromatic hydrocarbons (PAHs). Common halogenated aliphatics
tend to have moderately low solubilities (<1 percent). All of the chlo-
rinated aliphatic compounds are denser than water. This physical char-
acteristic has implications regarding the behavior of nonaqueous phase
product and its ability to sink relatively uncoupled to the hydraulic
gradient that drives advective transport. However, at the dissolved
concentrations encountered in the ground water, density variations are
negligible and no nonaqueous phases are thought to exist. Table 5-2
lists physical and chemical characteristics of common VOCs encountered
at Marsh Run Field.

The water solubility of a substance is a critical property affecting
environmental fate; highly soluble chemicals can be leached from wastes
and soils and are mobile in surface water and ground water.

Volatilization of a compound from environmental media will depend on its
vapor pressure, water solubility, and diffusion coefficient. For esti-
mating releases from water to air, the Henry’s Law constant, the parti-
tion coefficient which expresses the ratio of the chemical concentration
between air and water at equilibrium, is more appropriate than vapor
pressure alone and is frequently measured for volatile chemicals. The
Henry’s Law constant can be estimated for chemicals of low aqueous solu-
bility (less than a few percent) by the ratio of vapor pressure and solu-
bility at similar temperatures (Mackay ang Shiu 1981). Compounds with
Henry’s Law constants in the range of 107° atm m~/mole and larger can be
expgcted to volati%ize readily from water; those with values ranging from
107~ to 10 atm m~/mole are associated with significggt, but,lesser vol-
atilization, while compounds with values less than 10 ~ atm m /mole vola-
tilize from water only to a limited extent (Lyman et al. 1982).

The octanol-water partition coefficient (K V) is often used to estimate
the extent to which a chemical will partition from water into lipophilic
parts of organisms, for example into animal fat. The higher the K

value, the greater is a chemical’s tendency to partition into fat. "Simi-
larly, the organic carbon partition coefficient (K C) reflects the pro-
pensity of a compound to adsorb to the organic cargon found in soil.
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The higher the K_. value, the greater is a chemical’s tendency to adsorb
to soil organic cdrbon. In addition to organic carbon, sorption to soil
is also a funtion of the surface area of the soil particle as well as the
size, shape, structure, and surface area of the adsorbing molecule.

With respect to volatile organic source generation at the site, it is
unclear how the source is generated (i.e., as a continuous or pulsed
source). For practical consideration, because the landfill has been
closed since 1959 it must be assumed that the source loading to the
bedrock is presently continuous, but variable with respect to source
strength. The most conservative approach would be to assume the simul-
taneous onset of leachate generation with the jnitiation of site activi-
ties. However, due to the age of the landfill, this is presumably not
the case. It was not until the early 1940s wvhen the rapid expansion in
the manufacture and use of organic chemicals prevailed. The use of the
landfill reportedly ceased in the mid to late 1950s.

For transport modeling purposes, the jnitial ground-water flow parameters
established from the U.S. Geological Survey (USGS) three-dimensional
MODFLOW model (Chapter 3) indicate that of the total precipitation infil-
trating into the area, 98 percent continues to migrate vertically into
the bedrock aquifer. The remaining 2 percent migrates laterally in the
shallov overburden and fill, primarily towards Marsh Run Creek and to a
lesser degree towards the Susquehanna River. Therefore, from this flow
analysis, the saturated £i11/overburden can be considered a source and
not a major transport mechanism. The relative absence of VOCs in ground
water collected from overburden and monitoring wells MW-7A and MVW-3A and
the very low levels detected in MV-4A further suggest that lateral
ground-water transport in the fill/overburden is minimal. Based on
observed and measured hydraulic parameters at the site, the average
lateral linear ground-water velocity in the saturated overburden is 1.5
and 2.9 ft/year to the north and south, respectively. In light of the
low linear ground-water velocities it can be postulated that since the
closure of the landfill (i.e., approximately 30 years) maximum lateral
migration distances of contaminants within the saturated overburden from
a specific source in the "waste £i11" would be on the order of 75 ft.
This simplistic model further alludes to the fill’s and the surrounding
overburden’s primary function as a source with respect to contaminant
transport.

As previously discussed, it is suspected based on the VOC speciation in
the overburden/fill that microbial transformation is primarily responsi-
ble for the transformation of trichloroethene residing in the overburden.
Trichloroethene migrating vertically, conversely, may not be as rapidly
transformed, resulting in a higher percentage of trichloroethene in the
bedrock aquifer. In light of this scenario, the model was initially set
up to mimic the flow fields previously established with the USGS
three-dimensional model.

5-9



5.1.1.1 Ground-Water Modeling

Marsh Run Field was modeled using two USGS models for flow and solute
transport analysis. The flow field was first calculated using the three-
dimensional ground-water flow model MODFLOW (Chapter 3). Head elevations
and leakage rates between layers from MODFLOVW were then used to establish
boundary conditions for the two-dimensional solute transport model SUTRA.
The SUTRA model was executed for three orientations: two-dimensional
horizontal in the upper (overburden) and lower (bedrock) layers and two-
dimensional vertical between the upper and lower layers. The vertical
cross section was taken through the main portion of the landfill.

A 100 x 100 ft cell size was used for both MODFLOV and the two-dimension-
al horizontal orientation for SUTRA (Figure 5-2). In MODFLOW, cell-by-
cell parameters were used for the upper and lower layers with the confin-
ing layer input as a vertical resistance between the two. The vertical
resistance between the two layers was calculated as the vertical hydrau-
lic conductivity divided by confining layer thickTess for each cell in
the grid. Values ranged from 0.014 to 0.082 day~

A site area of 1,300 ft (13 row cells) by 1,600 ft (16 column cells)

was modeled. For MODFLOW, in the upper layer a constant head boundary
of 93.0 ft was set along row 1 for the Susquehanna River. Marsh Run
Creek started in row 13 and curved around to the Susquehanna River along
column 16. Constant head boundaries along the stream varied from 94.3 ft
to 93.0 ft.at the confluence with the Susquehanna River. In the lower
layer, a constant head boundary of 93.0 ft was used only along the Sus-
quehanna. For the lower layer to discharge to Marsh Run Creek, MODFLOW
must develop a head gradient which would force the flow back up through
the confining area. Hydraulic conductivities used in the upper layer
were 0.14 ft/day outside of the landfill site and 2.8 ft/day inside the
landfill. A hydraulic conductivity (both vertical and horizontal) of
2.2 ft/day was used in the lower aquifer which was set at a 100-ft
thickness.

With the established constant head boundary conditions, MODFLOW was
executed for a series of recharge rates over the entire site in order

to match the observed head distribution. The selected recharge rate was
6 in./year over the entire site, with 9 in./year in the central portion
of the landfill. The resulting head distribution was 1-2 ft low near the
center of the landfill and typically within +0.5 ft over the rest of the
site. Similarly, heads in the lower layer were approximately 0.5 ft
underestimated below the landfill and 0.5 ft high over the rest of the
site. MODFLOVW predicted that leakage from the upper to lower layer
occurs throughout the entire site except under Marsh Run Creek where the
lower layer discharges back up through the confining layer. This is
considered good agreement with observed conditions.

In order to model the solute transport, SUTRA was set up using the
flow field information from MODFLOW. A source strength of 1,000 ppb
was arbitrarily used over the landfill. Modeled concentrations at any
point in the plume may then be related back to the source as a conser-
vative dilution ratio.
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For the two-dimensional model in the upper layer, two flows are associat-
ed with each cell: a 6-9 in./year recharge rate into the top and a leak-
age rate out of the bottom. The cell-by-cell leakage rates from MODFLOW
were input to SUTRA as the flow boundary condition recharge flows were
input by setting all the model nodes to the steady-state constant head
boundary conditions calculated by MODFLOW. It is assumed that by using
the same leakage rates and steady-state boundary heads that the resultant
inflow created at each constant head cell will be equivalent to the
original recharge rates. The 1,000 ppb source over the landfill was
included as a constant solute mass flux boundary condition calculated

as 1,000 ppb multiplied by the flow associated with the 6-9 in./year
recharge rate.

For the two-dimensional horizontal lover layer model, the same head
boundary was used along the Susquehanna as was used in MODFLOW. The
cell-by-cell vertical leakage rates were input as a flow boundary with
a O concentration outside the landfill and a 1,000 ppb concentration
inside the landfill area.

For the two-dimensional vertical model, the vertical cross section was
taken along row 9 (Figure 5-2), which was centered on the landfill. A
cell length of 50 ft was used resulting in 23 cells from Marsh Run Creek
to the Susquehanna River. The lower layer was modeled as ten 10-ft high
cells (each cell 10 x 50 ft) and the confining layer was modeled as four
1.25-ft high cells (each cell 1.25 x 50 ft). The upper layer was modeled
as two cells, with the lower cell 2.5 ft high and the upper cell of vari-
able height to accommodate the ground-water elevation. Hydraulic conduc-
tivity in the clay/silt layer was 0.01-0.03 ft/day. The 6-9 in./year
recharge rate was applied along the top rov as a flow boundary with a
1,000 ppb concentration associated with the cells within the landfill.

SUTRA was executed for 40 years for each of the three observations with
print out every 10 years. Contoured plume maps of the model results
after 10, 20, 30, and 40 years are presented in Figures 5-3 through 5-6
for the overburden layer horizontal, Figures 5-7 through 5-10 for the
bedrock aquifer horizontal, and Figures 5-11 through 5-14 for the verti-
cal orientation. In general, the plume growth between the 30 and 40 year
time step has decreased compared to initial expansion as the plume
approaches a steady state condition.

In the upper layer (Figures 5-3 through 5-6), after 10 years the plume
is still confined primarily to the area directly associated with the
landfill. The changes in the plume between 10 and 30 years are very
slight and the 30 and 40 year plumes are virtually the same. These
results indicate that the plume in the upper layer quickly reaches a
steady state distribution on a time scale of less than 20 years. The
vertical leakage of the majority of the water being recharged to the
upper layer into the bedrock aquifer inhibits the longitudinal movement
of the upper layer plume to the Susquehanna River. After 40 years, con-
centrations of up to 60 ppb (17:1 dilution) are reaching Marsh Run Creek.
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