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EXECUTIVE SUMMARY

Versar, Inc. (Versar) conducted an Expanded Site Inspection (ESI) at the
Pedricktown Support Facility in Oldmans Township, Salem County, New Jersey. The
field portion of this investigation was conducted from June to September 1993. All

work was performed under contract DAAA15-90-D-0014 with the U.S. Army Environmental
Center.

The ESI involved sitewide hydrogeological characterization of the 127-acre
facility and contiguous U.S. Army Corps of Engineers (ACOE) properties, and multi-
media sampling and analysis from a variety of areas of concern (AOCs) and solid waste
management units (SWMUs). AOCs and SWMUs included areas with large concentrations
of underground storage tanks (USTs), a former scrap metal storage area, a motor pool,
a paint shop, ordnance disassembly buildings, and a former incinerator and leaching

pool area near the present sewage treatment plant.

A total of 19 groundwater monitoring wells and 3 piezometers were installed for
hydrogeological and water quality characterization at the site. The monitoring wells
were located based on preliminary hydrogeological data obtained from the piezometers
and several keys wells, the geographic locations of the AOCs and SWMUs, aerial photo
reconnaissance, and soil gas survey data. Site hydrogeological characterization
indicated an exceptionally high water table in the Cape May aquifer, with a
northwesterly direction of groundwater flow attaining velocities as high as 0.71 feet

per day.

During the ESI, samples of various media were obtained from soil borings,
monitoring wells, stormwater catch basins, and drainage swales. A thorough
assessment of the core AOCs and SMWUs at the site revealed no significant soil or
groundwater contamination; thus HRS scoring (9.63) did not support the inclusion of

PSF on the National Priority List (NPL).

In conjunction with the ESI, a preliminary risk assessment was performed. Data
comparisons in the risk assessment utilized the conservative approach of assuming
future residential land use scenarios and soil ingestion by children as the most

significant exposure pathway.

ESI conclusions and recommendations center around the development and
implementation of a site-wide UST closure and upgrading program, catch basin sediment

removal and subsequent resampling of sediment and surface water in the northern
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drainage swale, soil sampling and evaluation at 3 transformer 1locations, and
resampling of the groundwater from selected wells in conjunction with the UST closure

program.
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1.0 INTRODUCTION

Versar, Inc. (Versar) completed an Expanded Site Inspection (ESI) for the
United States Army Environmental Center (USAEC) at the Pedricktown Support
Facility (PSF), Salem County, New Jersey. Versar followed the steps and
procedures outlined in the ESI Project Plan, dated May 19, 1993. The PSF ESI is
intended to evaluate the potential environmental impacts associated with past
site operations as well as to determine, through Hazard Ranking System (HRS)

scoring, whether the site should be considered for inclusion on the National
Priority List (NPL).
1.1 Site Background

The PSF site consists of 127 acres located in northwestern Oldmans Township,
Salem County, New Jersey. The site is adjacent to the Pedricktown Dredged
Materials Storage Areas, North and South, which are diked areas used for storage
of dredged sediments from the Delaware River. Both the PSF site and these
storage areas are part of the Sievers-Sandberg U.S. Army Reserve Center. Located
adjacent and west of the PSF site, the Penns Grove Project Area consists
primarily of a large man-made lake that occupies approximately 240 acres of the
total 335-acre site. Like Pedricktown North and South, this area was originally
intended for the storage of dredged materials, but was never used for that
purpose. The PSF site is therefore bounded to the north, east, and west by the
storage areas and to the southeast by U.S. Route 130. Immediately west of the
storage areas lies the Delaware River. Across Route 130 to the southeast are

rural farmlands. A general site location map is presented in Figure 1.1.

In 1917, the U.S. Army Corps of Engineers (ACOE) began to acquire property
along the Delaware River. These properties were locally owned farms, including
a farm once owned by former New Jersey State Senator, William Styles. In 1918,
the current PSF site was used to establish the Delaware Ordnance Depot, which
remained in operation until 1958 as the final assembly and storage point for
munitions prior to off-site shipment. During World War II, the site specialized
in the manufacture of Pentolite based munitions, including grenades and rockets.
In 1947, the site became the back-up storage facility for the Picatinny and
Frankford Arsenals and the Aberdeen Proving Grounds. Jurisdiction over the site
was transferred to the Chief Engineer of the ACOE for civil works purposes in May
1959. In 1960, the PSF became headquarters for the 42nd and 43rd Artillery,
which commanded the Nike missile sites in the Philadelphia area. A NORAD Command

Center was built on the site, and this group remained on site until 1965, when
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the buildings were turned over to the Salem County Technical Institute. With the
arrival of the 21st Corps, 79th Army Reserve Command in the late 1960s, the Salem
County Technical Institute moved to a new location. In 1974, the 21st Corps was
replaced by the 78th Division of the Army Reserve. This group currently remains

stationed at the PSF. An eastern portion of the site is currently leased to

Salem County Community College.
1.1.1 Previous Environmental Investigations

A Preliminary Assessment (PA) of the PSF site was conducted by RMC

Environmental Services in April 1991. The PA consisted of an aerial photo and

regulatory records review, a site walk-through inspection, soil gas surveys in
two areas of concern, a limited wetlands delineation, and a limited endangered
species evaluation. The site walk-through was limited to easily accessible areas
outside existing buildings. No audit or evaluation of the on-site buildings was
included in the investigation. The PA indicated several environmental issues to
be addressed at the site, including: underground storage tanks (USTs),
aboveground storage tanks (ASTs), on-site electrical transformers, certain motor
pool waste handling and storage activities, several soil gas anomalies, the storm

sewer systems, surface runoff, and several other small compliance issues.

The PA did outline a detailed perspective of possible site contaminants
derived from the non-intrusive, passive soil gas survey RMC conducted at selected
portions of the PSF. The Petrex™ soil gas survey measured the flux of pre-
selected volatile organic compounds via mass spectrometry. This method
accurately characterizes the types and spatial relationships of contaminants, but
provides no information concerning specific concentrations. The survey
documented the presence of compounds within central and western portions of the
site, including: tetrachloroethylene (PCE), trichloroethylene (TCE),

dichloroethylene (DCE), freon, combined aromatics, and naphthalene.

Within the PA, RMC referred to previous geotechnical borings installed at
the site from September 1958 to July 1959. No reference is given as to who
completed these borings; however, a total of 48 were reportedly instdlled,
recording the lithology and depth to groundwater. The PA included a "piezometric
map” contouring depth to groundwater encountered during these borehole
installations. This map, although not representing a true water table elevation,
indicated a generalized north-northwest groundwater flow direction at PSF. Since

no synoptic water level measurements were taken, the piezometric information
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gathered revealed only an approximate indication of the true groundwater flow
direction at the site.
The PA Report was submitted in 1991 to the New Jersey Department of

Environmental Protection and Energy (NJDEPE), which is currently designated as

the regulatory lead agency for the PSF site.
1.2 Environmental Investigations of Surrounding Sites

The Philadelphia District of the ACOE is responsible for maintaining the
navigational channel within the Delaware River. The dredged material resulting
from these operations is disposed of in a number of Corps-maintained storage
sites adjacent to the Delaware River. Dredged materials stored at the 1200-acre
Pedricktown North and South Storage Areas are from the Marcus Hook, Bellevue, and
Cherry Island ranges, and from the Marcus Hook Anchorage within the Delaware
River. Pedricktown North and South, located adjacent to the PSF site, is
reported to have received approximately 2.5 million cubic yards of dredged

material annually from the channel, although lately operations have slowed to
every other year.

Sixteen groundwater monitoring wells were installed by Betz-Converse-Murdock
Inc. (BCM) of Plymouth Meeting, Pennsylvania, at both of the storage areas in May
and June 1980. These wells, along with river sediments and the dredged
materials, were sampled between July and October 1980. BCM concluded at this
time that no significant groundwater contamination was present in the water
samples and that the dredged material and river sediments did not represent major
sources for potential groundwater pollution. The ACOE initiated an ongoing
groundwater monitoring program to detect possible releases associated with the
deposition of any contaminated dredged materials. The ACOE continues to monitor
these wells on a semi-annual basis. Some boreholes were redrilled, and wells

were reinstalled in 1984. Figure 1.2 depicts the properties surrounding PSF.

The 335-acre Penns Grove Project Area, situated immediately west of the PSF
site, was originally designated as an additional storage area for the dredged
materials from the Delaware River. However, early in its development,
substantial amounts of sand and gravel (the Pleistocene Cape May formation) were
found to be present near the surface. From 1974 to 1979, the Philadelphia
District of the ACOE leased the property to Robert T. Winzinger, Inc., a private
contractor who mined the sand and gravel. At the termination of the project,
approximately 3,000,000 cubic yards of soil had been excavated from the Penns

Grove site and Winzinger had significantly increased the surficial exposure of
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the Cape May formation. This exposure of the Cape May formation, an important

aquifer in the Penns Grove/Deepwater area, created a lake from the infiltrating

groundwater (Appendix A, Photograph 2).

Prior to and during the Penns Grove Project excavation operations, 104
borings were installed at the property. These were drilled by wvarious
contractors during several different periods: boreholes DGB40-51 were drilled
in 1967, boreholes DGB52-57 were drilled in 1976, boreholes DGW01-05 were drilled
in 1978, boreholes DGB58-99 were drilled in 1980, and boreholes DGB100-104 were
drilled in 1982. Boreholes DGW01-05 were converted to permanent piezometers for
water quality monitoring purposes. Cross-sections of the borehole geologic logs
revealed that the surface of the Cretaceous Raritan-Magothy-Potomac formation was
eroded prior to Pleistocene deposition. A paleochannel incised into the
Cretaceous clays was defined to be filled with Pleistocene sand (the Cape May
formation) and trends in a north-south direction across the Penns Grove Project

site, with a small branch towards the Delaware River.

In order to use the Penns Grove Project property to store dredged materials,
the ACOE decided to install a soil-bentonite slurry wall surrounding the site to
insure that future stored dredged material would have no adverse impact on local
groundwater resources. The slurry wall was constructed 3 feet wide and deep
enough to intercept the 10-foot thick confining clay unit of the Potomac-Raritan-
Magothy formation underlying the Cape May. The wall extended in an approximate
U-shape around the property, open to the Delaware River. The top of the slurry
wall was set 4-5 feet lower than the existing ground surface. The length of the
wall totaled approximately 11,000 feet and its depth, dependent on interception
of the Cretaceous clays, varied from 20-60 feet bgs. The slurry itself consisted
of 70 parts sand, 30 parts silt, and 2% bentonite. Before installation, the ACOE
had the slurry mixture sampled for permeability testing, resulting in

permeabilities of less than 2.83 X 10E™* feet per day (ft/day).

Although the Penns Grove site was originally designated as an additional
storage area for Delaware River dredged materials, it has never been used as such
to date. However, along with the monitoring wells at the Pedricktown North and
South facilities, the ACOE monitors the Penns Grove Project piezometers on a

semi-annual basis.

Four sites in the vicinity of the PSF are undergoing various environmental
assessments and investigations led by the NJDEPE. These sites, listed below, are

located between one and two miles east-northeast of PSF and appear to be located
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hydrogeologically cross-gradient from the site. Review of hydrogeologic data
from these facilities in NJDEPE files suggests that groundwater impacts

associated with past activities at these sites are not expected to migrate
towards PSF.

. B.F. Goodrich (NJDEPE Case No. NJ004286); assessment being conducted
under the auspices of the NJDEPE Bureau of Aquifer Protection.

. Exxon Chemical (NJDEPE Case No. NJ0077496); presently under the
regulatory review of the NJDEPE Bureau of Ground Water Discharge

Control.

. N.L. Industries; RI/FS near completion under the direction of the
NJDEPE Division of Hazardous Waste Remediation.

. Browning-Ferris (Maintech Inc.); an ECRA/ISRA site under evaluation by
the NJDEPE Bureau of Ground Water Enforcement.

1.3 Expanded Site Inspection Objectives

Expanded Site Inspection objectives were defined in the EPA Transitional
Guidance Document for Fiscal Year (FY) 1988. Although various other site
inspection scopes, such as a Listing Site Inspection (LSI) and Screening Site
Inspection (SSI), postdate the ESI Guidance Document, the latter was chosen as
the best applicable guidance at the PSF in accordance with the scope of work
specified in the USAEC delivery order. The ESI work plan structure was weighted
in conjunction with the project specific priorities established before project

Plan implementation at the August 26, 1992, initiation meeting.
According to EPA’'s Guidance Document, ESI'’s are intended to:

Provide additional data in support of revised HRS scoring.

J Provide the first generation of information for sites evaluated using
the revised HRS. '

. Identify situations requiring removal action.

° Provide more information on site characteristics, contaminant sources

(waste type and volume), and migration pathways to the remedial
contractor for timely development of the RI work plan.
Shorten the remedial planning process.
. Encourage better communication and transfer between pre-remedial and
remedial contractors. N
The primary issues of concern of the PSF ESI included: delineation of on-
site contaminant sources and plumes; delineation of potential off-site
contaminant migration; determination of the HRS scoring for the site;
interpretation of the associated risks to local groundwater resources; and a

complete hydrogeological characterization of the PSF site for future assessment

phases (should such actions become necessary).
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A preliminary risk assessment was also included among the ESI objectives.

The risk assessment conducted was semi-quantitative in nature and involved the
following approach:

Evaluation limited to the most contaminated site media.
Evaluation of the most toxic contaminants in these media, including
Class A and B carcinogens and toxic non-carcinogens.

. Establishment of target risk levels based on the most conservative
future land use scenarios (i.e., residential area with children).
. Comparison of risk associated with maximum site concentrations versus

target risk levels.

1.4 Investigation Strategy

Site characterization at the PSF site was structured to evaluate aqueous and
soil media. The sampling program was developed to support each ESI objective,
with a particular emphasis on providing more information on site characteristics,
contaminant sources (waste type and volume), and migration pathways. These data
were acquired through the strategic placement of soil borings, groundwater
monitoring wells, and surface water/sediment (storm drain and/or drainage swale)

sampling statiomns.

A number of solid waste management units (SWMUs) and areas of concern (AOCs)
were identified in the PSF PA Report and ESI Project Plan (Figure 1.3). Numerous
potential contaminant sources exist at the site, but in view of the objectives
of the ESI, an attempt was made within the Project Plan to develop a sampling
strategy which streamlined total site sampling requirements. For this reason,
each individual SWMU and AOC was not assessed independently. Instead, SWMUs and
AOCs were grouped into separate study areas and assigned a total number of
sampling stations based on a prioritization scheme. Factors used to judge the
relative importance of individual study areas and the degree of sampling effort
they received included: geographic location (e.g., proximity to site
boundaries); size; types of SWMUs and AOCs; anticipated contaminants and

concentrations; and previous soil gas anomaly data.

The PA Report provided much of the basis for establishing the AOCs on:;site.
Along with the PA Report, information acquired from an aerial photo review and
from various site plans indicating all wunderground and aboveground tank
locations, all buildings and reference points, as well as the sewer, water, and
utility line distribution network, was utilized in designing and implementing the

investigation at PSF.
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The identification of AOCs was based on consolidated information that

included:

. Areas of stained soil or possible undifferentiated waste piles as
indicated in historic site aerial photos;

. The locations of active systems of general environmental concern
(e.g., underground storage tanks, the sewage treatment plant, and
current chemical storage areas);

. The locations of inactive or former SWMUs (e.g., the former scrap
metal storage area) from site aerial photos; and

° Soil gas flux data acquired from selected soil gas studies conducted

at the site and documented in the PA Report.

A complete list of AOCs, including a brief description, location, and a means of

identification, is provided in the ESI Project Plan.

Initially, the suspected contaminants of concern at the PSF site were the
following: petroleum hydrocarbons, volatile organic compounds (including
benzene, toluene, ethylbenzene, and xylene (BTEX) and chlorinated solvents),
semi-volatile compounds (including polycyclic aromatic hydrocarbons [PAHs]),
explosive parameters (including picric acid, nitrocellulose/nitroglycerin, 2,4,6-
trinitrotoluene, 2,4-dinitrotoluene, 2,6-dinitrotoluene, 1,3,5-trinitrobenzene,
1,3-dinitrobenzene, tetryl, HMX, and RDX), and heavy metals (including lead,
cadmium, and chromium). In order to confirm the existence of these suspected
contaminants on-site, as well as assess soil and water quality conditions on a
site-wide basis, it was necessary to establish priorities for which AOCs and
SWMUs were monitored. Sampling locations selected in the ESI Project Plan were
based on one or more of the following criteria:

Proximity to known or suspected'waste disposal or storage areas;

Location within an area of apparent stained or disturbed soils;
Proximity to USTS;

Distance from down-gradient facility boundaries; and

Location within areas of soil gas flux maxima as determined from the

PA Report.

In order to accurately assess the geologic and hydrogeologic framewbrk at
the PSF, the ESI Project Plan set up a total of 34 separate sampling stations,
including:

. Nineteen groundwater monitoring wells, each of which provided omne
water sample and one subsurface soil sample. Surface soil samples
were collected at 16 of the 19 monitoring well locations;
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. Five soil borings, continuously sampled from grade to the soil/water
interface to characterize possible areas of soil contamination;

. Seven surface water and 5 sediment samples acquired from storm water
catch basins and drainage swales contiguous to equipment wash down
areas or waste/chemical storage areas, as well as the northern down-

gradient site boundary; and

. Three previously existing off-site groundwater monitoring wells
provided water samples to support evaluations of potential off-site

contaminant transport.

Versar also installed the following, although they were not sampled for

chemical analysis:

. Three piezometers, drilled and logged to the complete depth of the
aquifer, were utilized for further aquifer testing, lithologic
description, and determination of groundwater flow direction.

In general, each sampling location was analyzed for TCL and TAL Parameters
and Total Petroleum Hydrocarbons. Sampling locations in the north-central
portion of PSF, as well as those used for background purposes, were also analyzed
for explosive compounds. Specific analyses for the various site media are
discussed in the Surface Water, Soil Materials, and Groundwater sections of this
report (Sections 3.0, 4.0, and 5.0). A detailed list of requisite analyses,
analytes, and associated methods for each sample matrix is presented in Sections

3.3 and 3.7 of the Quality Assurance Project Plan included in the ESI Project
Plan.

The four study areas originally outlined in the ESI Project Plan were
combined for data comparison purposes in this report. The decision to review
analytical data on a site-wide basis was made following a preliminary review.
The occurrence of sporadic water and soil contaminants at PSF was not observed
to correlate with previously defined study areas or even individual SWMUs.
Therefore, all impacted media found at PSF during the ESI are evaluated on a

case-by-case basis. Site interrelationships are then discussed where and when

apparent.
1.5 Report Overview

This report consists of 12 sections describing the PSF site and the
investigation process and findings. Section 1.0, Introduction, describes the
site background, previous investigations, and objectives of the ESI. Section 2.0
describes the entire site setting, including regional, local, and site specific

natural/physical environments. Section 3.0 defines the surface water bodies,
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drainages, and sediments associated with the PSF site, and also provides an
evaluation of the chemical analysis of the samples collected. Section 4.0
defines the subsurface and surficial soils applicable to the site and discusses
the analytical results from those samples collected. Section 5.0 defines the
hydrogeologic environment at the site and discusses aquifer properties,
groundwater quality, modeling, groundwater flow, and transport pathways. Section
6.0 discusses the hazardous substances generated on-site. Section 7.0 describes
the possible contamination sources on-site, including specific areas of concern,
confirmation of tank locations, an inventory of electrical transformers, and the
unexploded ordnance survey. Section 8.0 discusses human health and environmental
concerns, including the preliminary risk assessment and the site HRS scoring.
Section 9.0 discusses the quality assurance and quality control procedures
followed during the ESI investigation. Section 10.0 presents the ESI summary and
conclusions, and Section 11.0 contains future recommendations for the site.

Section 12.0 contains the references consulted in preparation of this report.

Twenty-one figures are included in this ESI report. The 18 larger figures
are bound in plastic sheet covers for protection and presentation. Thirty-one
tables are included to summarize the ESI findings and results, and eleven

appendices are labeled alphabetically.
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2.0 SITE SETTING

2.1 Demography

The PSF site located in Oldmans Township, Salem County, New Jersey, is in
an area bordered by the Delaware River and dredged river materials to the west,
wetlands and rural farmlands to the east, dredged river materials to the north,
and a man-made lake and residential area to the south. Route 130 runs along the
eastern property boundary of the facility. The nearest heavily populated area

is located approximately 0.5-1 mile south of the site.

A review of 1990 census information available for a 3-mile radius
surrounding the facility revealed that Salem County has a population of 65,294.
The census information included a breakdown of population according to age,
persons per household, total number of households, etc. According to the census,
83.3% of the residents within the study area are Caucasian, 14.7% are African-
American, and 2.0% are "other." Approximately 18,566 people are under age
twenty, 23,896 are age 20-40, 13,274 are age 44-65, and 9,558 people are over 65.
The median value of an owner-occupied household is $33,155, while the monthly
medium rent is $452. Approximately 20 people live in residential complexes
within 0.25 mile of the site, 70 people within 0.5 mile, 434 people within 1
mile, 4,508 people within 2 miles, 14,735 people within 3 miles, and 28,374

people within 4 miles of the site.

Salem County consists of 15 civil divisions, including one city, eleven
townships, and three boroughs. Salem County’s population has increased 11.5%
from 58,711 in 1960 to 65,294 in 1991. According to the 1991 Census of Salem
County, 55.98% of the population live in urban areas of the county and 44.02%

live in rural areas.
2.2 Land Use

According to the Salem County Zoning Board, the site is classified as public
(Zoning P) and is sparsely populated most of the time, except for two weeks out
of the year and two days each month. At these times, the facility is heavily
populated by military personnel who conduct military exercises in the immediate
vicinity. Approximately 29 people currently live at PSF. This small population
consists only of military personnel and their families. Fourteen of the reported
29 people are children. The duration of a military post at PSF is approximately

3-5 years.
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2.3 Natural Resources

Underlying the PSF site, the Cape May formation of Pleistocene age contains
sand and gravel that locally have been utilized as fill material. 1In the early
1980s, a significant portion of the Cape May formation was excavated southwest
of the PSF site by a local contractor, resulting in the Penns Grove Project lake.

The sand and gravel mined as a natural resource for the area was sold as fill

material.

Although not necessarily considered a natural resource, natural preservation
wetlands areas exist in the vicinity of PSF. No freshwater or coastal wetlands
exist within site boundaries. However, approximately half of the area within a
l-mile radius of the PSF site is freshwater wetlands. Few coastal wetlands exist
within a 2-mile radius. According to the PA Report, no endangered species

inhabit PSF or its vicinity.
2.4 Geology and Hydrogeology
2.4.1 Regional Geologic Setting

Oldmans Township of Salem County, New Jersey, is located in the Coastal
Plain Province. This province lies southeast of the Fall Line, a demarcation of
the transition from the Atlantic Coastal Plain to the Piedmont Province. At this
location, the Coastal Plain sediments taper to a thickness of several hundred
feet. Surficial geology within Oldmans Township consists of three discrete
stratigraphic formations. Underlying them is the Wissahickon formation of late

Precambrian age, a bedrock confining layer (Figure 2.1).

Above the Wissahickon lies the Potomac Group-Raritan-Magothy formation of
lower to upper Cretaceous age. These three formations are combined in one
mappable unit because lateral changes in the character of individual beds, the
similarities of lithologies, and lack of data make it difficult to distinguish
each individual formation. This group of formations unconformably overlies the
Wissahickon formation. Both the Potomac Group and Raritan formations are
continental in origin, while the Magothy is continental and marine in character.
The Magothy formation is also characterized as possessing isolated locations
within the formation where local confining clays are absent. These areas are
composed primarily of sand and gravel, forming thinly-banded lenticular sand

lenses.

Unconformably overlying the Potomac Group-Raritan-Magothy is the Cape May

formation of Pleistocene age. The Cape May formation deposits are alluvial in
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origin, as compared to glacial deposits found in the northern part of the state,.
Non-glacial, alluvial deposits are primarily found in the Coastal Plain Province.

The geometry of the Cape May is characterized as tabular-planar.

The youngest formation recognized in Oldmans Township are the alluvial
deposits of Holocene age. These deposits are eolian in nature and are found

mainly in tidal flats and stream channels.
2.4.2 Formation Description

The Wissahickon formation is composed of metamorphic rocks, such as schist
and gneiss. These rocks are characterized by mica, along with quartz, feldspar,
garnet, and chlorite. The Wissahickon is typically medium to coarsely
crystalline, with a banded texture, and green to gray in color. The overall

thickness of the formation is not known.

The Potomac Group, oldest of the three Cretaceous formations, is composed
of interbedded sand, gravelly sands, clay, and coarse lignitic material. The
sand in the Potomac Group is mainly composed of quartz, while the gravel is
composed of quartz and quartzite. The Raritan formation is light-colored quartz
sand, gravel, and variegated clay in varying shades of white, gray, yellow,
brown, and red. Small amounts of the minerals lignite and pyrite are also
present. The Magothy formation, youngest of the Cretaceous stratigraphic
sections, consists of alternating beds of lignitic, pyritic, dark-gray to black
clay. White, micaceous, fine- to occasional coarse-grained quartz sand and fine
gravel are also found within the formation. The Potomac-Raritan-Magothy

formation reaches a maximum thickness of 1,000+ feet at the coast.

The Pleistocene Cape May formation is comprised of medium- to coarse-grained
quartz sand with abundant gravel and smali amounts of clay in varying colors of
yellow, brown, gray, and black. The quartz sand ranges from yellow and brown to
gray. The sand grains tend to be subangular in shape and poorly sorted. Small
amounts of glauconite and possibly limonitic material are found within the Cape
May. The thickness of the formation ranges between 150 feet in the southwest
corner of the county to approximately 30 feet along streams in the co&nty's

interior.

Along the tidal flats and stream channels of Oldmans Township, a mixture of
silt, clay, organic material, sand, and gravel are deposited, making up the
composition of the Holocene alluvium. Most of this material is composed of fine

silt and clay and ranges from 10 to 40 feet in thickness along the Delaware
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River. This location of the alluvium allows it to slow the movement of brackish

water from the river into the freshwater-bearing material of the underlying

formations.
2.4.3 Geologic Structure

The top of the Wissahickon formation has an irregular shape and slopes 40
to 140 feet per mile to the southeast (Figure 2.1). The formation is
characterized by joints and fractures within the stratigraphic section and crops

out in the vicinity of Wilmington, Delaware.

Structurally the Potomac-Raritan-Magothy dips to the southeast, with the top
of the Magothy dipping between 36 to 53 feet per mile and the base of the Potomac
Group dipping approximately 100 feet per mile. The formation wunderlies
approximately 24 square miles of the Delaware River and extends southwest into
the State of Delaware. The formation also outcrops in Salem County, adjacent to

the Delaware River.

The Cape May formation underlies approximately 85 square miles of Salem
County and crops out adjacent to the Delaware River and its tributaries. The
formation is found at maximum altitudes of 90 feet but is usually no higher than
70 feet above sea level. There are no major structural features present in this

formation due to its tabular, planar geometry.

The structural configuration of the Holocene alluvium is similar to that of

the Cape May formation. No significant geologic features are present.

2.4.4 Regional Aquifer Systems

The Wissahickon formation is a bedrock confining unit and not considered a
significant aquifer in Salem County. Due to its consolidated nature, movement
of water can occur only through joints and fractures within the bedrock. No

known wells are installed in this formation in Salem County.

The Potomac-Raritan-Magothy formation contains one of the most productive
aquifer systems in New Jersey. As a whole, it has a general hydraulic
conductivity of 100.9 ft/day, a specific capacity of 15 gallons per minuée per
foot (gal/min/ft), and a transmissivity of 6,183 square feet per second
(ft?/sec). Reportedly, at a few points throughout the Potomac-Raritan-Magothy
aquifer system in New Jersey, thin bands of lenticular sand lenses exist at the
uppermost portion of the formation where local confining clays are absent. These

areas reportedly have a direct hydraulic connection with the overlying
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Pleistocene deposits of the Cape May formation, and have higher yields than areas

where confining clays are present.

Four individual aquifers are recognized within this Potomac-Raritan-Magothy
formation. The first aquifer is located between 50 and 120 feet below ground
surface (bgs) and ranges in thickness from 6-43 feet. The second aquifer is
located 150-250 feet bgs and ranges from 10-52 feet thick, with a general yield
between 356 and 687 gallons per minute (gpm). This is the most utilized aquifer
in the Penns Grove vicinity. Confining clays that exist between this aquifer and
overlying aquifer do not have a large areal extent, allowing the aquifers to be
hydraulically connected, regionally. The third aquifer within the Potomac-
Raritan-Magothy formation is between 300 and 390 feet bgs and 20 to 40 feet in
thickness. This aquifer yields an average of 250 to 600 gpm. The fourth aquifer
recognized in this stratigraphic unit is from 400-500 feet bgs, approximately 80

feet thick, with a yield of 600 gpm.

The Cape May formation is a very important aquifer system in the Penns Grove
vicinity, yielding up to 1,500 gpm. Precipitation recharging the Cape May
reportedly infiltrates to older, underlying formations only where local confining
clays are absent. However, no evidence of the recharge to older, underlying
formations via the Cape May was observed at the PSF site. Salt water intrusion
may occur along the Delaware River and along the tidal reaches of its tributary
streams, only if the freshwater head is lowered sufficiently (i.e., through water
well pumping) near areas where the Delaware River and Cape May formation are

hydraulically connected.

The Holocene alluvium deposits along the Delaware River are considered to

be semi-confining and of little hydrologic importance.
2.5 Site Specific Conditions
2.5.1 Site Geology

Site specific geology at the PSF site was interpreted by data acquired from
regional cross-sections of Salem County, New Jersey, and local cross-se¢tions
created by Versar. The local cross-sections were developed from a review of
lithologic logs and cross-sections completed during investigations at Penns Grove
Project lake, the Pedricktown North and South dredged material storage areas
acquired from the ACOE, and 27 boring logs developed by Versar during the ESI

investigation. The Cross-Section Location Map and the three cross-sections A-A’,
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B-B’ and C-C' are included as Figures 2.2, 2.3, 2.4, and 2.5. Site boring logs

are attached as Appendix B.

The PSF site is underlain by three distinct formations ranging from
Precambrian to Pleistocene in age. The Precambrian Wissahickon bedrock unit was
not encountered during the on-site drilling of shallow groundwater monitoring
wells. However, review of geologic cross-sections of Salem County indicates that

this bedrock formation would be encountered approximately 310 feet bgs underneath

the site.

'Unconformably overlying the Wissahickon formation is the Potomac-Raritan-
Magothy formation of early to upper Cretaceous age. Figure 2.6 depicts the
surficial exposure of the Cretaceous formations. The top of the formation was
encountered during the drilling of piezometers P4-001, P9-001, and P15-001 at an
approximate depth of 27-30 feet bgs or 20-30 feet below mean sea level (msl).
The formation dips to the southeast and is estimated at greater than 100 feet
thick at the site. According to the various geotechnical logs collected by
Versar and the ACOE, the upper portion of this Cretaceous formation is composed
primarily of clays designated as CL-CH under the Unified Soil Classification
System (USCS). The clays are inorganic with low to high plasticity in nature and
range in color from white, gray, yellow, brown, black, to red. Isolated soil
lenses designated by the USCS as SM, ML, OH, GP, SP, and SC exist within the
formation near the north swale, starting approximately 35-40 feet bgs or 45-50
feet below msl (Figure 2.5). Descriptions of the USCS designations are given on

each cross-section.

Overlying the Potomac-Raritan-Magothy formation is the Cape May formation
of Pleistocene age. Approximately 27-30 feet thick, the unit lies unconformably
over the Cretaceous formation, has an estimated porosity of 30%, and is
relatively planar in geometry. Generally, the Cape May soil is classified by the
USCS as SP-SM, according to sieve analysis from soil samples taken at different
depths in 27 on-site soil borings. The soil is described as poorly graded sands
or gravelly sands with little or no fines to sand-silt mixtures. The formpation
also contains small lenses of poorly graded gravel or gravel-sand mixtures with
little or no fines, to clayey gravel or gravel-sand-clay mixtures. These soils

appear throughout the PSF site.

Holocene alluvial deposits were not encountered during drilling activities
at the PSF site since these deposits are developed only locally in streams,

creeks, and immediately adjacent to the Delaware River (Figures 2.5 and 2.7).
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2.5.2 Site Hydrogeology

Geologic and hydrogeologic data acquired during the drilling, installation,
and sampling of 19 groundwater monitoring wells and 3 piezometers at the PSF site
provide the basis for determining aquifer characteristics, geometry, hydraulic
gradient, and hydraulic conductivities. Raw data used to define these parameters
were generated from the site boring logs, synoptic water level measurements, and
slug testing activities. Data reduction involved the preparation of cross-
sections, two water table flow maps, a hydraulic conductivity trend map, and
predicted transport pathways. Final interpretations were evaluated for
consistency with published regional geologic and hydrogeologic data for southern

New Jersey and Salem County.
2.5.2.1 Aquifer Characteristics

The aquifer systems underlying the PSF site are composed primarily of sands,
gravels, and clays that overlie Precambrian bedrock. The aquifers are comprised
of the sediments of the Potomac-Raritan-Magothy and Cape May formations. Aquifer
soil classifications are depicted in cross-sections presented in Figures 2.3,
2.4, and 2.5. Aquifer and confining unit soil types, as described by the USCS,
range from inorganic clays (CL-CH) in the Potomac-Raritan-Magothy aquifer system
to poorly graded sands, gravelly sands, and silty sands (SP-SM) in the Cape May
aquifer. The Cape May formation represents the uppermost aquifer at PSF. The
aquifer is unconfined, and groundwater flows through it in a west-northwest

direction toward the Delaware River.

2.5.2.2 Aquifer Geometry

The classification of soils penetrated during drilling activities, together
with observations relative to the degree of saturation in these soils, was used
to characterize the thickness and areal distribution of the uppermost Cape May
aquifer. The Cape May unconformably overlies the Potomac-Raritan-Magothy aquifer
system and is separated from the latter by an extensive confining unit. The
overall thickness of the two aquifer systems combined is greater than 130 feet
at the PSF site; the Cape May aquifer attains a thickness of 30 feet, whiie the
Potomac-Raritan-Magothy exceeds 100 feet in thickness. In the vicinity of PSF,

the Cape May’s thickness ranges from 15-35 feet.

All groundwater monitoring wells and piezometers on-site were completed
within the top of the Cape May aquifer. The water table depth averages 3.25 feet
bgs with a total saturated thickness of approximately 27 feet. Changes between
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high and low tide of the Delaware River have not been observed to have any
significant effect on water table elevations at the site. The aquifer is
recharged via precipitation and subsequent infiltration in the range 0.7-1.3 feet
per year. The underlying Cretaceous aquifer is recharged via precipitation only
where local confining clays are absent, and where the Cape May and Potomac-
Raritan-Magothy are hydraulically connected. Reported laminated sand lenses
developed in the uppermost Cretaceous section are representative of the locations
where local confining clays may be absent. No apparent sand lenses were observed
on the site during drilling activities, thus no recharge of the underlying

aquifer system appears to occur at the PSF site.

The surface and subsurface features on either side of the PSF site have
significant effects on the configuration of the local water table. The
Pedricktown North and South dredged materials located north and east of PSF are
composed primarily of silt; therefore, very little or no recharge of the Cape May
aquifer occurs where these dredged materials overlie the Cape May. The dredged
materials, located along the Delaware River, are approximately 15-20 feet thick
and cover 1200 acres overall (Figure 2.5). The Cape May aquifer was partially
excavated directly southwest of the site, resulting in the formation of the Penns
Grove man-made lake. This area is hydrogeologically separated from the PSF site
by a buried, 11,000 foot 1long slurry cut-off wall surrounding the outer
boundaries of the lake. The slurry wall extends 20-60 feet deep and 1is
approximately 3 feet wide. It acts a no-flow boundary (K=2.83 X 1E-4 ft/day) for
groundwater flow between PSF and the Penns Grove lake area. Groundwater that
flows toward the slurry wall nearest PSF is diverted and travels around the cut-
off wall. FLOWPATH , chosen as the groundwater model for PSF, graphically
illustrates the slurry wall’s effect on the local groundwater flow (see velocity

distribution maps in Appendix C).

Further north along the Delaware River, overlying the Cape May, a thin band
of Holocene alluvium developed. These alluvial deposits have no apparent
hydrogeological effect on the PSF site itself, but probably affect hydraulic

conductivities in the aquifer segments proximal to the river.
2.5.2.3 Hydraulic Conductivity

On July 8, 9, 12, and 20, 1993, rising-head slug tests were conducted at the -
PSF site to determine the hydraulic conductivity of the unconfined aquifer system
underlying the site. The slug tests were performed on 19 monitoring wells and

3 piezometers, utilizing a pressure transducer, Hermit 1000c data logger, water
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level measurement indicator, and 2 and 4 inch slugs. Geraghty and Miller's
AQTESOLV computer program was used to compile, plot, and interpret the time vs.

drawdown slug test curves.

Rising-head slug tests were performed to measure the wells’ recovery or
recharge rate, i.e., the time needed for the decreased pressure head of water to
return to a static condition. The test is performed by introducing and then
removing a slug from each monitoring well, thus simulating the removal of a known
volume of water. As the head change occurs within a pre-determined radial
distance from the well, the resulting rise in water level over time is useful in
evaluating aquifer characteristics and calculating its hydraulic conductivity and

transmissivity.

Instantaneous recharge rates were monitored in each well/piezometer using
a pressure transducer placed at a determined number of feet below the pre-test
static water level. Fluctuations in water surface elevation were recorded on the
data logger and later down-loaded onto an IBM computer for analysis. The
recharge rate was measured until greater than 95% recovery was attained. All
field data and procedures were properly recorded in the site logbook.
Decontamination of the equipment was conducted between test locations to avoid

possible cross-contamination.

Field testing activities were performed using the following procedures:

° Measure the static water level in the well.
. Decontaminate oil/water interface probe, slug, and transducer cable.
. Place the pressure transducer probe down the well at a pre-determined

number of feet below the static water level.

. Place the slug near the bottom of the well.
. Wait for the groundwater to equilibrate back to static levels.
L Set the data logger to automatically record instantaneous changes in

pressure head vs. time.
1]

. Quickly remove the slug, without disturbing the pressure transducer
probe.
. The data logger records the water level changes until static levels

are reached again.

o Decontaminate all down-hole instruments and begin again on the next
well.
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The slug test data were interpreted using the Bouwer-Rice Method for
unconfined aquifers. This method measures the saturated hydraulic conductivity
of aquifer material with a single well. It consists of lowering or raising the
water level in a well or borehole from equilibrium and measuring its subsequent
rate of rise or fall. The following parameters were entered as prompted by the
program: initial drawdown in well, radius of well casing, radius of well,
aquifer saturated thickness, well screen length, and static height of water in
well. After all data were entered, the program generated a time vs. drawdown
curve and produced a best fit straight line slope to the time-drawdown curve.
Hydraulic conductivities are then determined by the AQTESOLV program using the

Theis equation.

Curve matching requires judgment due to the effect of filter packs on slug
test results. The correct portion of the time-drawdown curve must be selected
to properly measure aquifer hydraulic conductivity. A double-straight line
phenomenon is sometimes observed in aquifer slug test data when the surrounding
gravel pack is coarser than the surrounding aquifer material. When this occurs,
the initial line of the curve is disregarded and the later time-drawdown data are
simply selected to represent the true flow of the aquifer into the well. At PSF,
only the curve graphed for MW21-001 illustrated a double-straight line effect.
All of the data from the remaining wells/piezometers produced smooth curves, thus

complicating the selection of a best fit time-drawdown slope line.

A sensitivity analysis was then manually conducted by varying the weighing
of time-drawdown data and matching lines to separate sections of each curve. Two
different line segments of the curve were matched by this method. After
performing the sensitivity analysis, it was observed that a conductivity
difference of one order of magnitude existed between the two plots completed for
each slug test. The hydraulic conductivities summarized in Table 2.1 were
calculated from the selected time-drawdown graphs presented in Appendix D. The
early time-drawdown data were selected as most representative in hydraulic

conductivity interpretation for several reasons:
L]

. Gradation curves from PSF sieve analysis of the Cape May formation
indicated similar median grain sizes for the aquifer and filter pack
materials. Therefore, no double straight line effect was evident in
the time-drawdown curve.

. The higher hydraulic conductivities calculated in the sensitivity

analysis produced data consistent with USCS soil classifications and
well development observed in the PSF monitoring wells.
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Hydraulic conductivities at the PSF site ranged between 1.34 to 31.72 ft/day
with an average transmissivity of 392 ft?/day. Figure 2.8 depicts the locations
of each monitoring well/piezometer with its corresponding hydraulic conductivity
value. All conductivity values for the PSF site fall within the specified range
for soils designated as SP-SM. According to the USCS, soils designated as SP-SM
should have a hydraulic conductivity value between 2.83 X 10E+l to 2.83 X 10E-3
ft/day. Conductivity values were observed to fall within three different
ranges; 1-10 ft/day, 10-20 ft/day, and >20 ft/day. These ranges are depicted on
Figure 2.8 as concentric circles of varying size. It was also observed that the
conductivity increased from the southwest portion of the site to the northernmost

portion of the site, with median conductivities existing in the western and

eastern corners of PSF.

The calculated conductivities shown in Table 2.1 may be conservative values.
The slug test technique does have drawbacks: a) The computed value of hydraulic
conductivity is accurate only to within an order of magnitude; b) storage
coefficient cannot be satisfactorily determined; c) no closed-form analytical
solution yet exists to solve for hydraulic conductivity in unconfined aquifers;
d) tests can be strongly affected by skin effects, wellbore storage, and filter
pack problems; e) the aquifer volume affected during the test is small, so
hydraulic conductivity values can be applied only locally; and f) in highly
transmissive aquifers, the recovery rate can be so rapid that manual slugging,
via solid slugs, bailers, or injected water, can cause significant "noise” in the
very-early-time data, which can lead to erroneous interpretations of that data
set. For these reasons, it is assumed the hydraulic conductivities at the PSF
site could be slightly higher than shown. This assumption is discussed relative

to impacts on groundwater flow modeling in Section 5.3.

The groundwater model calculated groundwater velocities at PSF to have an
average of 3.55 x 10E-1 ft/day. The groundwater velocities determined from the
water table and hydraulic conductivity maps were calculated to have an average
velocity of 3.32 x 10E-2 ft/day. Because the average velocities calculated by
these two methods are similar, the groundwater velocities calculated by the. model

are assumed to be representative of the actual conditions at the PSF site

(Appendix C).
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2.5.2.4 Hydraulic Gradient

Synoptic water level measurements were taken from the north side of the top
of each PVC well/piezometer casing and at each surface water staff gauge to +0.01
feet, using a water level indicator. Measurements were taken on two separate
occasions, at both high and low tide, on June 28 and September 2, 1993.
Elevation data are summarized in Tables 2.2 and 2.3 and depicted in the
Groundwater Flow Direction Maps, Figures 2.9 and 2.10. Figure 2.9 shows the high
tide water level measurements and flow direction in June 1993. Water levels
taken at low tide on the same day were very similar, showing no significant
change in flow direction or contouring, and therefore were not mapped. Figure
2.10 depicts the water level measurements collected at low tide in September
1993. High tide measurements on the same day also showed little or no change and
also were not mapped. The change in groundwater elevations from season to

season, however, is presented by comparison of the two figures.

Comparing the Groundwater Flow Direction Maps, it is evident from the
groundwater contour spacing that both the hydraulic gradient and flow direction
differ slightly in the western and eastern portions of the site. Measurements
taken during high tide on June 28, 1993, revealed groundwater elevations of 17.19
feet above msl in MW20-001 and 8.53 feet above msl in MW2-001, producing a 0.41%
westward groundwater hydraulic gradient on the eastern portion of the site. The
same round of measurements also revealed an approximate groundwater elevation of
13 feet above msl in the southern corner of PSF and an elevation of 6.06 feet

above msl in MW13-001, indicating a 0.32% northwestward gradient on the western

portion of the site.

Before the installation of the bentonite slurry wall along Penns Grove'’s
eastern property boundary, the groundwater flow direction and gradient were
probably more uniform throughout PSF and the surrounding properties. The lower
hydraulic gradient and the refraction of flowpaths on the western portion of the
site is due to the diversion of groundwater around the slurry wall and the
presence of slightly higher hydraulic conductivities in that area., The
groundwater model calibration map, derived from the FLOWPATH groundwater modeling
efforts, depicts an overall view of the local flow patterns and hydraulic

gradients. This figure is discussed in further detail in Section 5.3.

Hydraulic gradients from PSF to the Delaware River are lower than on-site,

during both high and low tide flow regimes. At low tide, the hydraulic gradient
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from the northwest portion of PSF to the river is approximately 0.23%. At high

tide, it appears that the gradient is close to flat.
2.5.2.5 Groundwater and Surface Water Relationships

The uppermost aquifer at the PSF site is that within the unconfined
Pleistocene Cape May formation. The water levels measured within the
well/piezometers completed in this aquifer indicate the water table currently
fluctuates between approximately 2-6 feet bgs from June to September. Overall,
elevations (at high tide, June 28, 1993) of the water table were measured from
18.03 feet above msl along the southeastern side of the site (MW21-001), to 6.06
feet above msl (MW13-001) at the northwest corner. Groundwater Flow Direction
Maps (Figures 2.9 and 2.10) show the water table elevations at each sampling
location. As discussed above, a 0.41% westward groundwater hydraulic gradient
is produced on the eastern portion of the site and a 0.32% northwestward gradient

on the western portion.

Staff gauges were placed within the nearby surface water bodies in order to
discern the connections between the water table and surface water and the
relationships involved. Gauges were placed in both the north and west swales,
the Penns Grove Project lake, and the Delaware River. The elevations along the
north drainage swale were 7.65 feet above msl (SW2-001) and 3.29 feet above msl
(SW13-001) during the June 28, 1993, round of measurements. The gradient of the
surface water within the north swale was calculated to be 0.27% from SW2-001 to

SW13-001.

It is evident from comparison of the water table and surface water
elevations that the north swale is a gaining stream, at least along the portion
from SW2-001 to the river. Corresponding measurements at MW2-001 and SW2-001
indicate only a 0.5 foot difference in water elevations at low tide on September
2, 1993. Corresponding measurements at EHW-13 and SW13-001 indicate a 2.27 foot
difference in water elevations at the same measurement round. No measurements
were taken east of SW2-001, however, because visual observations indicate a lack
of flow in this portion of the north swale. East of SW2-001, where flow ik more
consistent, the swale most likely is a gaining stream in the spring and a losing

stream in the fall/winter.

The north drainage swale discharges directly into the Delaware River. From
Versar's groundwater modeling efforts, as well as the geologic and hydrogeologic
cross-sections created during this investigation, it is apparent that the Cape

May aquifer discharges completely into the Delaware River as well. The deepest
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navigable channel within the Delaware is approximately 40-45 feet below its water
surface. From the borehole logs at both the Penns Grove and Pedricktown South
sites, it is apparent that the Cape May’s thickness nearest the Delaware River
is approximately 15-35 feet. A small portion of the groundwater flow within the
Cape May aquifer seeps into the north swale, and exits to the river via surface
water flow, while the remaining groundwater flows under the Pedricktown South

dredged materials and into the river from below the Holocene alluvium deposits

(Figure 2.5).

Because of the installation of the bentonite slurry wall along the outside
of the western border of PSF, groundwater within the Cape May does not exfiltrate
into the Penns Grove Project lake nor into the west swale. Surface water runoff
from PSF, however, can discharge into the west swale, which ultimately flows into
the Delaware River after it joins the north swale. Surface water runoff from PSF
cannot enter the Penns Grove Project lake on the west because of the intervening

west swale and berm.
2.6 Geography

Salem County lies in the northwestern part of New Jersey and is located
between 39°23'N and 39°48'N latitude, and 75°04'W and 75°34'W longitude. The
county has a total area of 390 square miles, of which 45 square miles are covered
by water. Salem County is bordered by Gloucester County on north, Cumberland
County on the south and east, and the Delaware River and the State of Delaware

on the west.

Salem County'’s relief is relatively low with gentle slopes. A tidal marsh
which borders the Delaware River is 4 miles long and generally less than 10 feet
above mean sea level. The land surface further inland rises gradually to gentle
rolling hills. The highest elevation in Salem County is situated in the eastern

part of the county, where altitudes reach 160 feet.

The county is drained by a series of streams, the largest of which is the
Salem River. This river flows into the Salem Canal, which flows ingo the
Delaware River. The Maurice River drains the land area in the far eastern
portion of the county and flows southward through Cumberland County, to the
Delaware Bay. All of the other major streams within Salem County discharge

directly to the Delaware River.
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2.6.1 Climatology and Meteorology

Salem County’s climate is generally characterized by mild winters, warm
humid summers, and moderate, evenly distributed precipitation. December through
February is the coldest part of the year, with January generally the coldest
month. The average daily minimum temperature in January is 25.6°F. The hottest
month of the year is generally July, with an average daily maximum temperature
of 87.4°F. Approximately 15 inches of snowfall and 37 inches of rainfall
accumulate in the area annually. First and last frost occur approximately
October 19 and April 23, respectively. During the growing season, rainfall is

not uniform, and long wet and dry periods may occur.
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Table 2.1

HYDRAULIC CONDUCTIVITY SUMMARY
Pedricktown Support Facility
Salem County, New Jersey

‘ MW2-001 2.03 x 10E-2 29.27 1.03 x 10E-2
MW7-001 5.40 x 10E-3 7.77 2.74 x 10E-3
MW8-001 2.99 x 10E-3 4.31 1.52 x 10E-3
MW10-001 6.39 x 10E-3 9.20 3.24 x 10E-3
MW11-001 2.13 x 10E-2 30.70 1.08 x 10E-2

“ MW11-002 1.59 x 10E-2 22.95 8.09 x 10E-3
MW12-001 1.06 x 10E-2 15.36 5.42 x 10E-3
MW12-002 1.16 x 10E-2 16.73 5.90 x 10E-3
MW13-001 1.12 x 10E-2 16.17 5.70 x 10E-3
MW14-001 1.24 x 10E-2 17.91 6.32 x 10E-3
MW14-002 1.04 x 10E-2 15.04 5.31 x 10E-3
MW15-001 6.62 x 10E-3 9.53 3.36 x 10E-3
MW16-001 1.61 x 10E-3 2.32 5.19 x 10E-4
MW16-002 2.33 x 10E-3 3.36 1.18 x 10E-3
MW16-003 1.06 x 10E-2 15.36 5.42 x 10E-3
MW20-001 1.00 x 10E-2 14.41 5.08 x 10E-3
MW21-001 4.44 x 10E-3 6.39 2.25 x 10E-3
MW22-001 9.32 x 10E-4 1.34 4.73 x 10E-4
MW24-001 5.70 x 10E-3 8.21 2.89 x 10E-3

E P4-001 1.54 x 10E-2 22.26 7.85 x 10E-3
P9-001 1.446 x 10E-2 20.86 7.36 x 10E-3

NOTE: Hydraulic conductivities were derived from slug tes 'ing data and

Geraghty and Miller'’s AQTESOLV program.




Table 2.2

WELL/PIEZOMETER FLUID LEVEL MEASUREMENTS
Pedricktown Support Facility

Salem County, New Jersey

Well/Piezometer Date Measured Depth to Total Well Depth Elevation* of Water Table
Number Woater (ft) Below Grade (ft) PVC Casing (ft) Elevation® (ft)

MW2-001 6/28/93 H 4.22 12.0 12.78% 8.53
L 4.23 8.52

9/2/93 H 4.67 8.08

L 4.70 8.05

MW7-001 6/28/93 H4.12 1.5 19.32 15.20
La4.21 15.11

9/2/93 H5.75 13.57

L S5.76 13.56

MWB8-001 6/28/93 H5.78 12.5 19.71 13.93
L5.79 13.92

9/2/93 H 7.08 12.63

L 7.08 12.63

MW10-001 6/28/93 H 4.94 12.0 15.05 10.11
L 4.91 10.14

9/2/93 H5.79 9.26

L 5.82 9.23

MW11-001 6/28/93 H 4.63 12.0 11.98 7.35
L 4.64 7.34

9/2/93 H5.14 6.84

L5.17 6.81

MW11-002 6/28/93 H 5.35 12.5 13.42 8.07
L 5.35 8.07

9/2/93 H6.11 7.31

L6.14 7.28

MW12-001 6/28/93 H 4.85 11.5 10.98 6.13
L 4,85 6.13

9/2/33 H 5.50 5.48

L 5.63 5.45

MW12-002 6/28/93 H5.41 11.5 12.37 6.96
L5.42 6.95

9/2/93 H 6.15 6.22

L6.18 6.19

MW13-001 6/28/93 H 5.55 13.0 11.61 6.06
L 5.50 6.11

9/2/93 H 6.25 5.36

L 6.29 5.32

MW14-001 6/28/93 H 3.59 11.5 11.285 7.66
L 3.60 7.65

9/2/93 H 4.34 6.91

L 4.45 6.80

MW14-002 6/28/93 H 4.03 11.5 12.18 8.15
L 4.04 8.14

9/2/93 H 4.84 7.34

L 4.90 7.28
MW15-001 68/28/93 H 4.45 12.5 15.29 10.84
L5.45 9.84

9/2/93 H 6.40 8.89

L 6.42 8.87
MW16-001 6/28/93 H 6.90 12.0 18.59 11.69
L 6.90 11.69
9/2/93 H 8.10 10.49
L8.12 10.47




Table 2.2 (continued)
WELL/PIEZOMETER FLUID LEVEL MEASUREMENTS
Pedricktown Support Facility
Salem County, New Jersey

|
l Well/Piezometer Date Measured Depth to Total Well Depth Elevation*® of Water Tabie
! Number Water (ft) Below Grade (ft) PVC Casing (ft) Elevation*® (ft)
MW16-002 6/28/93 H 4.36 12.0 16.11 11.75
i L 4.36 11.75
i 9/2/93 H 5.37 10.74
| L5.41 10.70
“ MW16-003 6/28/93 H 6.65 12.5 17.0 10.35
L 6.65 10.35
9/2/93 H7.69 9.31
L7.69 9.31
MW20-001 6/28/93 H 5.97 13.6 23.16 17.19
L 6.09 . 17.07
9/2/93 H7.88 15.28
L7.85 15.31
MW21-001 6/28/93 H 7.625 15.0 25.65 18.03
L7.63 18.02
9/2/93 H 9.86 15.79
L 9.87 15.78
MW22-001 6/28/93 H 6.49 12.5 21.08 14,59
L 6.49 14.59
9/2/93 H 8.10 12.98
L 8.10 12.98
MW24-001 . 6/28/93 H 5.58 12.0 17.15 11.57
L 5.575 11.875
9/2/93 H 6.87 10.28
L 6.88 10.27
P4-001 6/28/93 H 4.52 13.0 19.07 14.55
L 4.70 14.37
9/2/93 H 6.02 13.05
L 6.01 ’ 13.06
P39-001 6/28/93 H 4.75 13.0 17.20 12.45
L4.76 12.44
9/2/93 H 5.70 11.50
L5.71 11.49
P15-001 6/28/93 H 5.675 13.0 15.93 10.26
L 5.69 10.24
9/2/93 H 6.76 9.17
| L 6.80 9.13
DGW-03 6/28/93 H12.22 28.0 16.27 4.05
L12.40 3.87
9/2/93 H 13.18 3.09
L 13.20 3.07
EHW-12 6/28/93 H 3.85 25.0 19.27 15.42
L3.92 15.34
9/2/93 H NM NM
L NM NM
EHW-13 6/28/93 H 4.09 43.0 10.55 6.46
L 4.10 6.45
9/2/93 H 5.08 5.47
L 5.10 : 5.45
NOTES: Water levels were measured from the northside of each PVC casing.
* = Elevation data is the height in feet above mean sea level.
H = high tide
L = low tide

NM = not measured




Table 2.3

SURFACE WATER FLUID LEVEL MEASUREMENTS
Pedricktown Support Facility
Salem County, New Jersey

Surface Water Date Measuring Point Surface Water

Location Measured Elevation¥* Elevation¥*
(fv) (ft)
SW2-001 6/28/93 H 4.46 12.11 7.65
(North Swale) L 4.44 7.67
' 9/2/93 H 4.56 7.55
L 4.56 7.55

SW13-001 6/28/93 H NM 5.51 NM

(North Swale) L 2.22 3.29
9/2/93 H 2.33 3.18
L 2.33 3.18
Lake 6/28/93 H 2.24 6.39 4.15
L 2.20 4.19
9/2/93 H 2.70 3.69
L 2.88 3.51
West Swale 6/28/93 H1.78 4,88 3.10
L 1.80 3.08
9/2/93 H 2.00 2.88
L 2.00 2.88
Delaware River | 6/28/93 H 1.50 5.25 3.75
L 4.75 2.87 -1.88
9/2/93 H 1.00 5.25 4.25

L 4.33 2.87 -l1.46 -

e

NOTES:
H = high tide
L = low tide

NM = Not measured to surveyed stake.

*Elevation data is the height in feet above mean sea level.
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3.0 SURFACE WATER

3.1 Drainage Patterns

Regional surface water hydrology is dominated by the Delaware River and its
tributaries. The dominant surface water feature within Salem County is the Salem
River, located approximately 5-6 miles south of PSF. Many portions along the
Salem River are marshes, of which the largest, Pine Island Meadow, was created
approximately 6 miles south of the site. Oldmans Creek, another tributary of the
Delaware River, is located approximately 2 miles northeast of the site and also
has associated marshlands. The source of Beaver Creek is located approximately

1 mile southeast of PSF. This creek drains into Oldmans Creek, and eventually

into the Delaware.

Surface water features in the local site area include: small unnamed
streams or swales along the northern and western site boundaries, the Penns Grove
Project man-made lake directly southwest of the site, and the Delaware River
approximately 0.75 miles west of the site. Within a 0.25-1.0 mile radius
northeast and southeast of the site, many small marsh areas and swales drain into
the Delaware. Staff gauges were placed in the river and lake and in both north
and west swales bounding PSF in order to discover any hydrologic link between
surface water and the water table on the site. The gauges were surveyed to tie
in with the monitoring well elevations. From comparisons of groundwater and
surface water elevations (8.05 feet above msl in MW2-001 and 7.55 feet above msl
in SW2-001 at low tide on September 2, 1993), it is evident that the water table
within the Cape May formation directly feeds the drainage swale bounding the
north portion of the PSF site. Tables 2.2 and 2.3 summarize the synoptic fluid
levels measured at PSF in the monitoring. wells/piezometers and surface water

bodies, respectively.

Surface water runoff from the PSF site is controlled by site topography
which slopes gently to the north. The PSF site is separated from the Delaware
River by the large plateau-like Pedricktown South dredged materials storage area
as well as by the large berm surrounding the Penns Grove Project lake. ‘Thus,
surface runoff from PSF reaches the Delaware River only indirectly, via the
drainage swales. The north swale flows from the northeast corner of PSF in a
northwest direction along the northern site boundary, following the traprock road
to the Delaware River. The west swale flows from the south corner of PSF

northwest to intersect the north swale at the northwest corner of PSF. Surface
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water runoff from PSF cannot enter the Penns Grove Project lake on the west

because of the intervening west swale and berm.

The north swale receives runoff from the silt and clayey Pedricktown South
dredged river materials, runoff from PSF, drainage from the west swale, and storm
water discharge via the storm drains and connecting underground lines. The west
swale reportedly drains into the north swale but does not flow as quickly as the
north swale. There is often a stagnation of water in the west swale near the

confluence of these swales (see West Swale gauge location on Figure 3.1).

Segments of both the north and west swales appear to have intermittent flow.
Water within these portions is due only to precipitation, overland runoff, and
the PSF storm water drainage system. The segment in the north swale which
depicts apparent intermittent flow is from the eastern site boundary to
approximately the SW2-001 surface water sampling location. Little or no flow was

observed in the west swale during the field activities at PSF.

The remaining portion of the north swale (from SW2-001 to the Delaware
River) exhibits apparent perennial base flow via groundwater exfiltration.
Versar's field observations and groundwater modeling activities confirmed this
finding.

Storm water and sewage treatment plant effluent from the PSF discharge to
the Delaware River via a culverted outfall. Both the drainage swales and the
underground sewer line exit PSF at its northwestern corner and follow the
traprock road along the western side of Pedricktown South, to a culvert and
outfall on the Delaware River (Figure 3.1 shows this outfall in the upper left
corner along the Delaware). At the outfall to the river, a one-way outflow valve
located on the culvert allows water to flow only into the Delaware and prevents
the brackish Delaware River water from flowing back into the upstream portions
of the swale. The storm/sewer water discharge system at PSF is depicted on

Figure 3.2.

3.2 Flood Potential

'

Because of the high water table elevation in the site vicinity, as well as
PSF's proximity to the Delaware River, the potential for flooding in the area is
high. According to the Salem County Planning Board, the military installations
in the Pedricktown area were not mapped by the National Flood Insurance Program.
However, extrapolating from nearby regions along the Delaware, it is likely that

the PSF site is also located within a 50-year flood plain zone. Furthermore, the
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construction of the bentonite slurry wall surrounding Penns Grove Project lake
has significantly elevated the local water table elevation. It is likely that

this result was not taken into consideration in any of the floodplain map

development in the area.
3.3 Site Surface Water Flow

Approximate surface water flow rates were determined at three different
locations along the western portion of the north swale (near SW13-001) between
PSF and the Pedricktown South dredged materials (Appendix A, Photograph 16).
Testing was performed by Versar personnel on September 9, 1993, using the "chip
test" method. This method was employed at three separate test locations along
the north swale (Figure 3.1). Flow rates were calculated at each test location
and ranged from 3.62 cubic feet per second (ft3/sec) at test location #1 to 6.52
ft3/sec at test location #2. The average flow rate along this section of the
north swale was thus calculated to be 5.276 ft®/sec, with the greatest flow
occurring near SW13-001. No flow rates were calculated for the eastern part of
the north swale (near SW2-001l) or for the west swale, located along the Penns
Grove Project man-made lake. Due to the lack of flow observed in these areas at

the time of testing, velocities could not be determined.
3.4 Site Surface Water and Sediment Conditions

The objective of the surface water and sediment sampling activities was to
evaluate potential impacts to surface water at the stormwater discharge point.
Surface water and sediment samples were collected from five site stormwater catch
basins located adjacent to potential AOCs and from two locations within the north
swale (SW2-001 and SW13-001). Seven sampling locations were identified for
sediment and surface water sampling; however, field conditions (e.g., inadequate
sample volume) precluded the collection of a sediment sample from two of the
seven locations. Surface water sample locations are depicted on Figure 3.2.
Environmental Science and Engineering Laboratories (ESE), a USAEC-certified
laboratory, completed the chemical analyses on all samples collected at PSF.
Samples were analyzed for volatile organics (VOCs), semi-volatile organics
(SVOCs), 1inorganics, total petroleum hydrocarbons (TPHCs), and explosive
compounds (explosives were collected from select locations only). Original
laboratory data are included in Appendix E, and chain-of-custody documentation

is included in Appendix F.

Several factors should be taken into consideration with respect to surface

water and sediment data: 1) Due to the high groundwater table there is believed
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to be a relationship between groundwater and the north drainage swale (i.e.,
sample locations SW2-001 and SW13-001); 2) The surface water sampling was not
conducted during a significant rain event and may not be fully representative of
surface water runoff characteristics; 3) in addition to potential impacts to
surface water and sediments from the PSF site, the north drainage swale is
located at the base of a steeply sloping hill and collects runoff from dredged
materials from an adjacent property; and 4) the volume of water contained in the
north swale is negligible (approximately 0.039%) in comparison to the Delaware

River, the ultimate discharge location.
3.4.1 Background Quality of Surface Water and Sediments

Based on site drainage patterns and the locations of the stormwater catch
basins, background or "un-impacted" surface water and sediment conditions could

not be established on-site.
3.4.2 Surface Water Quality
3.4.2.1 Inorganic Compounds in Surface Water

Twenty-one inorganic compounds were detected in site surface water samples.
A complete summary of compounds detected and the detected concentration is
presented in Table 3.1. Original laboratory data are included as Appendix E.
Magnesium, manganese, potassium, iron, sodium, barium, zinc, and calcium were
detected in all 7 surface water samples collected. Vanadium was detected in 6
of the 7 samples; lead, arsenic, aluminum, titanium, cobalt, and copper were
detected in 5 of the 7 samples; and cadmium and antimony were detected at a
frequency of 4 out of 7. Nickel was detected in 3 samples; chromium was detected
in 2 samples; and selenium and beryllium were detected in one sample only. A
summary of the frequency of detection, percentage detected, maximum detected
concentration, and average concentration of each parameter detected in at least

one sample is presented in Table 3.2.
3.4.2.2 Organic Compounds in Surface Water

The only organic compounds detected in surface water include: TPHCs,
detected at a frequency of 6 out of 7 samples; tetrachloroethylene, found in one
sample; and bis(2-ethylhexyl)phthalate, detected in 4 of the 7 samples. A
summary of contaminant concentrations is presented in Table 3.1. Table 3.2

provides a summary of the statistical evaluation of contaminants in surface

water.
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3.4.2.3 Explosive Compounds in Surface Water

Nitrobenzene was detected in one of the surface water samples collected from

the site. All other explosive compounds were below detection limits (Table 3.1).

3.4.2.4 Surface Water Data Comparison

An evaluation of surface water data indicates that there are no definitive
contaminant distribution patterns. Since background surface water conditions
could not be established at the site, no conclusions regarding site-related
impacts and natural variability could be drawn. In general, sampling location
SW17-001 was found to have the highest levels of contamination, consisting
primarily of inorganic compounds. Locations SW16-001 and SW17-001 were sampled
in order to evaluate potential impacts from the motor pool building. Elevated
concentrations in SW17-001 may indicate some impacts from the motor pool
building, but since this trend was not observed in SW16-001, no definite
conclusions can be drawn. Surface water concentrations were generally found to
be lowest in SW13-001, with the exception of PCE, which was detected solely at
this location. SW13-001 is located along the north swale and represents the most
downgradient surface water sampling point prior to off-site discharge and
ultimate discharge to the Delaware River. The general trend of decreasing
contaminant concentrations in sampling location SW13-00l1 indicates that on-site
activities are not impacting the quality of off-site surface water drainage.
However, the surface water samples may be more representative of groundwater
quality than surface water runoff, because sampling was conducted during a

relatively dry period.

The volume of water flowing through the north drainage swale is
insignificant (approximately 0.039%) in comparison to the volume of flow in the
Delaware River. Based on this volumetric disparity, no impact to surface water
quality is anticipated from the discharge of surface runoff from the drainage
swale to the river. Therefore, a comparison between ambient water quality

criteria and runoff water was not conducted.
3.4.2.5 Potential Surface Water Transport Pathways

The only potential surface water transport pathway which may be associated
with PSF is the discharge of surface water run-off from the site to the Delaware
River. Based on the high volume of flow in the Delaware River relative to the
drainage swale and the low concentrations of inorganic and organic compounds in

surface water and swale sediments, this transport pathway is considered insignificant.
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3.4.3 Sediment Quality
3.4.3.1 Inorganic Compounds in Sediments

Twenty-one inorganic compounds were detected in on-site sediment samples.
Lead, arsenic, aluminum, iron, magnesium, manganese, nickel, titanium, barium,
chromium, cobalt, vanadium, zinc, and calcium were each detected at a frequency
of 100 percent (i.e., 5 out of 5). Sodium, cadmium, and copper were found in 4
of the 5 sediment samples. Selenium and potassium were detected in 3 samples,
and mercury and molybdenum were found in only one sample. A summary of sediment
contaminant concentrations is presented in Table 3.3. A statistical evaluation

of sediment data is presented in Table 3.4.
3.4.3.2 Organic Compounds in Sediments

Twelve SVOCs and four VOCs were detected in on-site sediment samples. The
following SVOCs were detected at the frequency indicated: benzo[b]fluoranthene
(4 out of 5), fluoranthene (4 out of 5), chrysene (1 out of 5), anthracene (1 out
of 5), pyrene (4 out of 5), benzo[a]lpyrene (4 out of 5), benzo[a]anthracene (&
out of 5), acenaphthene (1 out of 5), phenanthrene (4 out of 5), fluorene (1 out
of 5), 2-methylnapthalene (1 out of 5), and indeno[1,2,3-C,D]pyrene (3 out of 5).
Volatile organic compounds detected included: ethylbenzene, xylenes, and
methylene chloride detected in one sample and toluene detected in 2 samples.
Table 3.3 provides a summary of sediment sample concentrations and Table 3.4

summarizes the statistical evaluation of sediment data.
3.4.3.3 Explosive Compounds in Sediments

Analytical results for explosive compounds in sediments indicate that all

parameters were below laboratory detection limits.
3.4.3.4 Sediment Data Comparison

Concentrations of inorganic compounds detected in on-site sediments varied
greatly throughout the site. Semi-volatile organic compounds were detected at
much higher concentrations in SD10-001 than at the rest of the PSF site. Sample
location SD10-001 is located downslope from the location of a suspected UST
release. Elevated levels of SVOCs may be indicative of this suspected release.
Volatile organic compounds, specifically BTEX, were found to be greatest in
sample location SD16-001. This sample location was designed to evaluate
potential impacts from the motor pool building. The contaminants of concern are
indicative of gasoline, which was likely to be used in this area. The elevated

organic compounds were not detected in SD13-001, which represents the most
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downgradient site drainage sampling location, indicating that no transport of
organic contaminants via sediments is occurring. Arsenic concentrations were
highest in sample locations SD2-001 and SD13-001. These sampling points are
located along the north swale and represent the most downgradient sediment
sampling locations. Elevated levels of arsenic along the drainage swale indicate
that the arsenic detected in the vicinity of the former scrap metal storage area

may be migrating to the drainage swale via overland runoff.
3.4,3.5 Potential Sediment Transport Pathways

The only possible sediment transport pathways are the discharge of impacted
sediments to the north drainage swale, and ultimately to the Delaware River, and
the leaching of sediments contained in the swale to the subsurface soils and
groundwater. Based on the large volumetric differences between the drainage
swale and the Delaware River, the sediment to surface water pathway is considered
insignificant. Hydraulic relationships established at the site indicated that
groundwater, if contaminated, would be more likely to impact water and sediment
quality in the swale, than would storm water discharges. Groundwater seepage
from the PSF site into the swale appears to be perennial, whereas storm water

discharges are intermittent.
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TABLE 3.1
SURFACE WATER ANALTICAL RESULTS (ppb)

Total petroleum hydrocarbons 420 801 LT 200 573 1410 7200 14000
Lead LT 4.54 790 LT 4.54 22.9 12.3 840 260
Arsenic 4 34.4 LT 2 5.86 LT 2 25.4 6.75
Selenium LT 2.54 5.18 LT 2.54 LT 2.54 LT 2.54 LT 2.54 LT 2.54
Aluminum LT 200 27000 LT 200 2360 423 26000 3010
Iron 23000 46000 18000 8700 930 81000 7580
Magnesium 90000 12000 67000 6040 964 83000 6840
" Manganese 30000 337 20000 939 52 1050 180 -
Nickel 25.2 66.1 LT 23.3 LT 23.3 LT 23.3 117 LT 23.3
Potassium 8280 4810 6990 5920 1500 7170 3070
Sodium 62000 10000 52000 4630 5020 40000 18000
II Titanium LT 10 631 LT 10 62.4 18.7 908 148
Ant imony 70.9 39.2 59.3 LT 25.1 LT 25.1 63.1 LT 25.1
Barium 33 232 44.2 61.8 16.2 315 74.3
Beryllium LT 2 3.58 LT 2 LT 2 LT 2 LT 2 LT 2
Cadmium LT 5 6.61 LT 5 LT 5 7.04 60.3 19.4
Chromium LT 22.4 100 LT 22.4 LT 22.4 LT 22.4 105 LT 22.4
Cobalt 113 18.3 59.1 11.7 LT 10.8 35.6 LT 10.8
Copper LT 10 188 LT 10 28.4 14.7 342 57.9
Vanadium C 10.« 140 8.29 12.3 LY 7.62 2463 16.8
Zinc 72.5 512 110 356 8.7 1600 425
Calcium 160000 26000 130000 29000 8100 190000 39000
Tetrachloroethylene LT 2 LT 2 7.4 LT 2 LT 2 LT 2 LT 2




TABLE 3.1 (continued)
SURFACE WATER ANALTICAL RESULTS (ppb)

i

Bis(2-ethylhexyl) phthalate LT 1 1.7 LT 1 LT 1 1.8 1.2 2.3
“ Nitrobenzene LT 2.900 LT 2.900 LT 2.900 LT 2.900 43.5 LT 2.900 LT 2.900 H
ppd = parts per billion or ug/l
LT = Less than laboratory-certified detection limit
Note: Table includes only those parameters detected above laboratory-certified detection limits.



TABLE 3.2
STATISTICAL EVALUATION OF SURFACE WATER SAMPLES (ppb)

FREQUENCY PERCENTAGE MAXIMUM
OF DETECTED DETECTED CONCENTRATION

DETECTION (x) CONCENTRATION
Total petroleum hydrocarbons 6 /7 86 14000 3500.57
Lead 517 71 840 275.68
Arsenic 5 /7 71 34.4 11.20
Selenium 1/7 14 5.18 1.83
Aluminum 517 71 27000 8427.57
Iron 717 100 81000 26458.57
Magnesium 717 100 90000 37977.71
Manganese 717 100 30000 7508.29
Nickel 3 /7 43 117 36.41
Potassium 717 100 8280 5391.43
Sodium 11 100 62000 27378.57
Titanium 5 /17 71 908 254.01
Ant imony W (7 57 70.9 38.59
Barium 117 100 315 110.93
Beryllium 11/7 14 3.58 1.37
Cadmium 4 /7 57 60.3 14.41
Chromium 2 /7 29 105 37.29
Cobalt 5 /7 71 113 35.50
Copper 5 /7 71 342 91.57
Vanadium 6 /7 86 243 62.09
Zinc 717 100 1600 444.89 II
Calcium 717 100 190000 83157.14 |I
Tetrachloroethylene 1 /7 14 7.4 1.91 II




TABLE 3.2 (continued)
STATISTICAL EVALUATION OF SURFACE WATER SAMPLES (ppb)

FREQUENCY PERCENTAGE MAXIMUM AVERAGE
OF DETECTED DETECTED CONCENTRATION
DETECTION (X) CONCENTRATION
Bis(2-ethylhexyl) phthalate 4 (7 57 2.3 1.21
ﬂ Nitrobenzene 1 /7 14 43.5 7.46 ||

ppb = parts per billion or ug/l

Note:

Table includes only those parameters detected above laboratory-certified detection limits.



TABLE 3.3
SEDIMENT ANALYTICAL RESULTS (ppm)

PARAMETER SD2-001 $D10-001 SD13-001 SD16-001 SD17-001
Total petroleum
hydrocarbons
Mercury 0.145 LT | 0.027 LT | 0.027 LT | 0.027 LT | 0.027
Lead 31.1 280 56 140 81
Arsenic 49 4.97 26.3 3.5 2.12
Selenium 1.33 1.27 1.14 LT | 0.202 LT | 0.202
Aluminum 8230 5300 6290 2240 2460
Iron 230000 8190 270000 5290 13000
Magnesium 2270 1140 2510 1920 45000
Manganese 1310 48 .4 1680 116 139
Molybdenum LT 1 2.93 LT 1 LT 1 LT 1
Nickel 14.6 20.5 14.9 5.99 7.38
Potassium LT 119 662 LT 119 267 220
Sodium 290 173 530 141 LT 44 .8
Titanium 176 l64 146 251 108
Barium 49.9 44.6 49.8 61.2 23.7
Cadmium 2.68 2.93 LT | 0.515 7 3.1
Chromium 15.5 34.2 9.71 21.1 5.92
Cobalt 45.7 6.89 52.8 2.78 5.05
Copper LT { 0.937 82.9 26.9 18 26 "
Vanadium 16.6 40.1 16.1 9.63 12 |
“ Zinc 231 128 277 91.1 75.1




TABLE 3.3 (continued)
SEDIMENT ANALYTICAL RESULTS (ppm)

PARAMETER SD2-001 SD10-001 SD13-001 SD16-001 SD17-001
Calcium 4820 2340 5820 8800 95000
Benzo[b]fluoranthene 0.71 6 LT 0.2 1 0.
Fluoranthene 0.57 6 LT 0.4 3 0.4
Chrysene LT| 0.22 2 | T 1 | LT 1 | tt| 0.7 |
Anthracene LT | 0.033 0.7 LT 0.2 LT 0.2 LT 0.1 “

“ Pyrene 0.47 5 LT 0.2 2 0.6 “
Benzo[a]pyrene 0.44 4 LT 0.2 1 0.5
Benzo[a]anthracene 0.33 2 LT 0.2 1 0.2 “
Acenaphthene LT | 0.033 0.3 LT 0.2 LT 0.2 LT 0.1
Phenanthrene 0.33 3 LT 0.2 3 0.3
Fluorene LT | 0.033 0.3 LT 0.2 LT 0.2 LT 0.1
2-Methylnaphthalene LT} 0.033 LT 0.1 LT 0.2 10 LT 0.1
Indeno(l,2,3-C,D]pyrene 0.24 2 LT 0. LT 0.2 0.4
Ethylbenzene | LT | 0.002 LT | 0.002 LT | 0.002 1.5 LT | 0.002
Toluene LT | 0.002 0.004 LT | 0.002 0.5 LT | 0.002
Xylenes LT | 0.002 LT | 0.002 LT | 0.002 5.9 LT | 0.002 "
Methylene chloride / LT 0.04 0.14 LT 0.04 LT 0.2 LT{ 0.04 "
Dichloromethane

ppm = parts per million or ug/g
LT = Less than laboratory-certified detection limit
Note: Table includes only those parameters detected above laboratory-certified detection limits.



STATISTICAL EVALUATION OF SEDIMENT SAMPLES

TABLE 3.4

PARAMETER FREQUENCY PERCENTAGE MAXIMUM AVERAGE
OF DETECTED DETECTED CONCENTRATION
DETECTION (X) CONCENTRATION (ppm)
(ppm)
Total petroleum hydrocarbons 5 /S 100 3890 1851.20
” Mercury 1 /5 20 0.145 0.04
Lead 515 100 280 117.62
II Arsenic 515 100 49 17.18
||' Selenium 31/5 60 1.33 0.79
Aluminum 515 100 8230 4904
“ Iron 515 100 270000 105296
Magnesium 515 100 45000 10568
Manganese 515 100 1680 658.68
Molybdenum 1 /5 20 2.93 0.99
Nickel 515 100 20.5 12.67
Potassium 3 /5 60 662 253.6
Sodium 4 /5 80 530 231.28 Ii
Titanium 5175 100 251 169 ||
Barium 515 100 61.2 45.84 Il
" Cadmium 4 /5 80 7 3.19
|l Chromium 515 100 34.2 17.29
Cobalt 5 /5 100 52.8 22.64
Copper 4 /5 80 82.9 30.85
Vanadium 5 /5 100 40.1 18.89
Zinc 515 100 277 160.44
Calcium 5 /5 100 95000 23356
Benzo[b] fluoranthene 4 /5 80 6 1.72
Fluoranthene 4[5 80 6 2.03
Chrysene 1 /5 20 2 0.69 "




TABLE 3.4 (continued)
STATISTICAL EVALUATIOR OF SEDIMENT SAMPLES

FREQUENCY PERCENTAGE . MAXIMUM AVERAGE
OF DETECTED DETECTED CONCENTRATION
DETECTION (x) CONCENTRATION (ppm)
(ppm)
Anthracene
Pyrene 4 /5 80 5 1.63
Benzo[a]pyrene 4 (5 80 ) 1.21
Benzo[a)anthracene & /5 80 2 0.72
I»Accnaphthene 1 /5 20 0.3 0.11
Phenanthrene 4 /5 80 3 1.35
|I Fluorene 11/5 20 0.3 0.11
|| 2-Methylnaphthalene 1/5 20 10 2.04
" Indeno(1,2,3-C,D])pyrene 3 /5 60 2 0.57
Ethylbenzene 1 /5 20 1.5 0.3
Toluene 2 /5 40 0.5 0.10
Xylenes 1 /5 20 5.9 1.18
Methylene chloride / Dichloromethane 11/5 20 0.1 0.06 ||

ppm = parts per million or ug/g
Note: Table includes only those parameters detected above laboratory - certified detection limits.
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4.0 SOIL MATERIALS

Drilling activities were performed by Versar and JCA of Marlton, New Jersey,
from June 1 to 11, 1993. Prior to drilling, all underground utilities were
located by the site engineer. To expedite the drilling efforts, borings were
advanced with two separate drill rigs, utilizing hollow-stem auger techniques.
Borings were approximately located as originally outlined in the ESI Project
Plan. Borings located within the area of the unexploded ordnance survey were
moved slightly, as discussed in detail in Section 7.4 of this report. A total
of 27 borings were drilled on-site, of which 19 were converted to monitoring
wells and 3 into piezometers. The remaining 5 borings were backfilled with
bentonite until flush with the ground surface. Figure 4.1 depicts the

borehole/monitoring well locations at PSF.

Versar geologists documented soil descriptions wutilizing the USCS
classifications, photoionization detector (PID) readings, depth to groundwater
encountered, and any further observations on the borehole lithologic 1logs
(Appendix B). Investigation derived wastes (IDW), such as the auger cuttings
from each boring, were temporarily stored on-site in 55-gallon DOT-approved

drums, pending final disposition (Appendix A, Photograph 8).

Soil samples were collected continuously in each boring until saturated
soils were encountered. Borings for the piezometers were sampled beyond the
saturation level at 5-foot intervals, for lithologic description purposes only.
Surface soil samples were collected from a depth interval of 0-2 feet bgs.
Subsurface soil samples were collected below them, but above or at the soil/water
interface. Total depths of the borings ranged from 4-36 feet bgs. Soil samples
were submitted for quantitative analysis of VOCs, SVOCs, inorganics, TPHCs, and
explosive parameters (explosives at selected locations only), following strict
chain-of-custody procedures. Chemical analysis was completed by USAEC-certified
ESE laboratories in Gainesville, Florida, and Denver, Colorado. Collection,
documentation, preservation and shipping of samples followed the protocol

outlined in the ESI Project Plan and QAPP.

Soil samples were qualitatively screened to assess concentrations of organic
compounds. This screening incorporated a PID, model MW-101, manufactured by HNu
Systems, Inc. fitted with an 11.7 electron-volt (eV) lamp. Calibration of the
PID was accomplished each day, using 100 ppm isobutylene gas. Along with the PID
screening, samples were also visually and olfactorily inspected for hydrocarbon

staining, odors, sheen and iridescence.
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All sampling equipment was decontaminated prior to sample collection,
following procedures outlined in the ESI Project Plan and QAPP. The augers and
drill stems were steam-cleaned using a high pressure, high temperature, water
jet. Steam-cleaning took place in the designated decon containment area, and the
water generated during these activities was contained on-site in 55-gallon DOT-

approved drums, pending final disposal.

Soil sampling activities were conducted in order to assess potential impacts
to surface and subsurface soils located proximate to potential areas of concern.
Twenty-seven subsurface soil samples were collected from depths ranging from 2-6

feet. Surface soil samples were collected at intervals of 0-2 foot bgs from 22

locations.
4.1 Subsurface Soil Quality
4.1.1 Background Quality of Subsurface Soil

Due to the natural variability of soils and regional influences on soil
conditions, background soil conditions were established to determine if site-
related activities have had an impact on soils. Three soil borings were
installed along the east-southeast border of the PSF property to assess
subsurface soil background quality. The borings were located upgradient of all
areas of potential concern. Five background subsurface soil samples were
collected, 3 from the 2-4 foot interval and 2 from the 4-6 foot below grade
interval. The samples were analyzed for VOCs, SVOCs, inorganic compounds, TPHCs,

and explosive compounds.

Eighteen inorganic compounds were detected in at least one of the background
samples, including: 1lead (5 out of 5), arsenic (4 out of 5), selenium (1 out of
5), aluminum (5 out of 5), iron (5 out of 5), magnesium (5 out of 5), manganese
(4 out of 5), nickel (4 out of 5), potassium (4 out of 5), sodium (5 out of 5),
titanium (5 out of 5), barium (5 out of 5), chromium (5 out of 5), cobalt (5 out
of 5), copper (4 out of 5), vanadium (5 out of 5), zinc (5 out of 5), and calcium
(5 out of 5). Toluene, the only organic compound detected, was found in only

one sample. No explosive compounds were detected in the background soil samples.

In order to form a baseline for comparison between background samples and
site-related subsurface soil conditions, the average concentrations of the
background samples were established for each compound detected in at least one
site-related subsurface soil sample. One half the detection limit was used for

all sampling results that were reported to be less than the detection limit. A
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summary of background sampling results and calculated average background

concentrations for subsurface soils is presented in Table 4.1.
4.1.2 Inorganic Compounds in Subsurface Soil

Subsurface soil sampling results indicate 22 inorganic compounds have been
detected on-site. Lead, arsenic, aluminum, iron, magnesium, manganese, nickel,
potassium, sodium, titanium, barium, chromium, cobalt, copper, vanadium, zinc,
and calcium were detected in 100% of the subsurface soil samples. Selenium was
detected in 12 samples, molybdenum in 3 samples, beryllium in 2 samples, and
mercury and silver in 1 sample. Thallium and cadmium were not detected.
Summaries of subsurface soil sampling results and a statistical analysis of the

data are presented in Tables 4.2 and 4.3, respectively.
4.1.3 Organic Compounds in Subsurface Soil

Ten SVOCs and two VOCs were detected in a limited number of on-site
subsurface soil samples. The following SVOCs were detected: fluoranthene (1 out
of 22), benzo[b]fluoranthene (2 out of 22), bis(2-ethylhexyl)phthalate (1 out
of 22), pyrene (2 out of 22), benzo[a]pyrene (2 out of 22), benzo[a]anthracene
(1 out of 22), benzoic acid (1 out of 22), di-n-butyl phthalate (3 out of 22),
phenanthrene (2 out of 22), and indeno[1,2,3-C,D]pyrene (1 out of 22). VOCs
detected included toluene in one sample and acetone in 8 samples. Subsurface
soil sampling results are summarized in Table 4.2 and statistical data for each

compound are summarized in Table 4.3.
4.1.4 Explosive Compounds in Subsurface Soil

The analysis of subsurface soils for explosive compounds indicated that all

parameters were below laboratory detection limits.
4.1.5 Subsurface Soil Data Comparison

In order to determine if chemical concentrations are attributable to site-
related activities, each compound detected in at least one sample was compared
to 2 times the average background concentration. The Hazard Ranking Systen&(HRS,
Federal Register Volume 55, No. 241, December 14, 1990) recommends the comparison
of data to 3 times background in order to determine if a release has occurred.
For the purposes of this evaluation, sample results were compared to 2 times
background as a more conservative estimate. Compounds that were determined to
be in excess of 2 times background were further evaluated with respect to
regulatory requirements. Specifically, compound concentrations were compared

with NJDEPE's Proposed Cleanup Standards for Contaminated Sites (N.J.A.C. 7:26D),
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proposed February 3, 1992, and revised March 8, 1993. These standards have not
been promulgated, but represent the NIJDEPE’'s recommended guidance. The NJDEPE
soil standards include criteria for residential direct contact, non-residential
direct contact, and impact to groundwater. Direct contact standards apply to
surface soils (i.e., 0-2 feet) and impact to groundwater standards apply to
subsurface soils (i.e., >2 feet). Subsurface soils were compared with standards
for impact to groundwater. In cases where compounds detected in subsurface soils
are not highly mobile, no impact to groundwater standards have been developed;
in these instances, the non-residential direct contact standards, although not
strictly applicable, were considered. Although the site could potentially be
used completely for residential use in the future, direct contact with subsurface
soils is not a likely exposure scenario for on-site residents. Table 4.4
provides a summary of sampling locations exceeding twice background and the

NJDEPE proposed standards.

The following compounds were detected in subsurface soils at concentrations
that exceeded two times background: TPHCs, mercury, lead, arsenic, selenium,

aluminum, magnesium, manganese, molybdenum, nickel, potassium, silver, sodium,

barium, beryllium, chromium, copper, vanadium, zinc, calcium,
benzo[b]fluoranthene, fluoranthene, bis(2-ethylhexyl)phthalate, pyrene,
benzo[a]pyrene, benzo[a]anthracene, phenanthrene, indeno[l1,2,3-C,D]pyrene,
benzoic acid, di-n-butyl phthalate, and acetone. None of these compounds

exceeded NJDEPE cleanup criteria. The greater concentrations of arsenic detected
were in sample locations MW10-001, MW12-001, MW12-002, MW13-001, MW16-002, MW1l6-
003, and SB11-001. Since these sampling locations are not proximate to one
another, no clear contaminant distribution pattern can be identified. MW12-001,
MW12-002, and MW13-001 are all located in the vicinity of the former leaching
ponds and downgradient of the former scrap metal storage area. Although no
compounds exceeded NJDEPE cleanup criteria, contaminant concentrations in MWl1l2-
001 were generally highest, indicating that the former leaching fields and/or

scrap metal storage area may have had a minimal impact on subsurface soils.

4.1.6 Potential Subsurface Soil Transport Pathways

The primary contaminant transport pathway available for subsurface soils is
the leaching of contaminants from soils to groundwater. Contaminants found in

the soils on-site consist mainly of metals and PAHs.

The metals, or inorganic compounds, which were detected in the soils at PSF

rarely occur merely as ions, but are present as hydroxides, oxides, salts, and
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complexes with organic molecules. The chemical and physical properties of the
different salts and complexes can vary widely. The transport of inorganic
materials from soil to groundwater depends on many factors as each inorganic
compound behaves differently in the environment. The ability of each to enter
groundwater depends on its individual oxidation state, the cationic exchange
capacity of the soils, its ability to sorb to entrained solids, its solubility,
the pH of its environment, its ability to complex with soluble low molecular
weight soil organic matter components (e.g., fulvic or humic acids, [Kerndorf and
Schnitzer, 1980])), aerobic or anaerobic environments, adsorption-desorption
processes, and/or the presence or absence of other contributing compounds (e.g.,
the presence of calcium elevates pH, favoring adsorption of cadmium, [EPA,
1979]). 1In general, mobility of heavy metals is much less than that of other
compounds of concern (e.g., VOCs and SVOCs), and is expected to be minimal at

PSF.

Because background levels of inorganics in both soil and groundwater at the
site were elevated, it is more difficult to evaluate the soil to groundwater
pathway. Inorganics detected in the subsurface soils on-site above 2 times
background 1levels included: mercury, lead, arsenic, selenium, aluminum,
magnesium, manganese, molybdenum, nickel, potassium, silver, sodium, barium,
beryllium, chromium, copper, vanadium, zinc, and calcium. The only metals found
in the groundwater in excess of 2 times background that also exceeded NJDEPE
cleanup standards, were the following: 1lead, arsenic, antimony, cadmium, and
chromium. However, background concentrations also exceeded the NJDEPE criteria
for each of these compounds (except chromium), suggesting that they may not be
site-related. These concentrations of metals may be indicative of regional
background conditions. No concentrations of lead in the surface or subsurface
soil on-site were above NJDEPE criteria for this metal. Concentrations of lead
in the groundwater exceeded NJDEPE criteria in 2 locations down-gradient of the
motor pool and may be correlated with associated operations. Concentrations of
arsenic found in the groundwater at PSF in excess of 2 times background and
NJDEPE criteria were located in wells EHW-12 and MW7-001. These wells are cross-
or up-gradient from elevated concentrations of arsenic in the surface and
subsurface soils on-site and therefore, their location does not support a
migration pathway from soil to groundwater. Antimony and cadmium were not found
above detection limits in the subsurface soil, therefore their presence in

groundwater does not support a migration pathway from subsurface soil to

groundwater.
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NJDEPE has no soil standards for chromium. Because the elevated chromium
concentration in groundwater was detected in a different area than elevated
chromium concentrations in soil, no correlations can be drawn between these
media. Only one subsurface soil sample and 4 surface soil samples exceeded the
2 times background level for chromium at PSF. These samples were generally
collected in the vicinity of the former scrap metal storage area. Only one
groundwater sample contained chromium which exceeded NJDEPE criteria for this
metal (100 ppb). This sample was collected from MW16-002, located just north of
Building 422, which was used previously for the Nike Missile Command Center.
Because previous operations in this vicinity are classified, no correlation can
be made as to the prior operations and the presence of elevated chromium. No
significant trends or migration pathways could be determined from the available
inorganic data. Most elevated concentrations of metals at PSF were found to be

concentrated in the vicinity of the former scrap metal storage area.

PAHs have varying volatilities, soil binding characteristics, and water
solubilities (Gibson, 1984). PAHs with high water solubility and low tendency
to adsorb to soils (e.g., low molecular weight compounds such as naphthalene,
acenaphthylene, and fluorene) tend to be more mobile in the environment than PAHs
that are of higher molecular weight, with a greater number of ring structures
(e.g., chrysene and benzo[a]pyrene). The PAHs detected in the soils at PSF are
mostly those with higher molecular weights, and therefore are not considered
highly mobile in the environment. No PAHs were detected in the groundwater
samples collected at the site. This indicates no migration of PAHs from the soil

to the groundwater has occurred.

Because the PAH and heavy metal compounds detected in subsurface soils at
PSF are not highly mobile and tend to bind to soils, this transport pathway is

anticipated to be minimal.
4.2 Surface Soil Quality
4.2.1 Background Quality of Surface Soil

Background surface soil conditions were established to determine wﬁether
site-related activities have had an impact on surface soil quality. Three
surface soil samples were collected at 0-2 feet below grade from the background
soil boring locations described in Section 4.1.1 and analyzed for VOCs, SVOCs,

inorganic compounds, TPHCs, and explosive compounds.
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The background surface soil sampling results indicate that 19 inorganic
compounds, TPHCs, and 7 SVOCs were detected in at least one background sample.
All other compounds were below laboratory detection limits. The following
inorganic compounds were detected at the indicated frequency: mercury (1 out of
3), lead (3 out of 3), thallium (1 out of 3), arsenic (3 out of 3), aluminum (3
out of 3), iron (3 out of 3), magnesium (3 out of 3), manganese (3 out of 3),
nickel (3 out of 3), potassium (2 out of 3), sodium (3 out of 3), titanium (3 out
of 3), barium (3 out of 3), chromium (3 out of 3), cobalt (3 out of 3), copper
(3 out': of 3), vanadium (3 out of 3), zinc (3 out of 3), and calcium (3 out of 3).
TPHCs were detected in 2 of the 3 samples. SVOCs detected include: benzo-
[b]fluoranthene (2 out of 3), fluoranthenme (1 out of 3), pyrene(2 out of 3),
benzo[a]pyrene (2 out of 3), benzo[a]anthracene (1 out of 3), phenanthrene (2 out

of 3), and indeno[1l,2,3-C,D]pyrene (1 out of 3).

The average concentration of the background samples was calculated for each
compound that was detected in at least one site-related surface soil sample to
facilitate comparison between site-related activities and background conditions.
One half the detection limit was used for all sampling results that were reported
to be less than the detection limit. A summary of background sampling results
and calculated average background concentrations for surface soils is presented

in Table 4.5.
4.2.2 Inorganic Compounds in Surface Soil

Twenty-'four inorganic compounds were detected in on-site surface soil
samples. Of these, the following 16 compounds were detected in 100 percent of
the samples: lead, arsenic, aluminum, iron, magnesium, manganese, potassium,
sodium, titanium, barium, chromium, cobalt:_, copper, vanadium, zinc, and calcium.
Compounds detected at a lesser frequency include: nickel (18 out of 19),
selenium (13 out of 19), mercury (7 out of 19), molybdenum (6 out of 19), cadmium
and silver (4 out of 19), and thallium and beryllium (1 out of 19). Surface soil
sampling results are presented in Table 4.6. A summary of the frequency and

percentage detected and the average and maximum concentrations for each parameter
1

is presented in Table 4.7.
4.2.3 Organic Compounds in Surface Soil

A total of 17 SVOCs, 4 VOCs, and TPHCs were detected in on-site surface soil
samples. SVOCs detected include: benzo[b]fluoranthene (15 out of 19),
fluoranthene (10 out of 19), benzo[k]fluoranthene (1 out 19), acenaphthylene (2
out of 19), chrysene (3 out of 19), anthracene (5 out of 19), pyrene (14 out of
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19), dibenzofuran (2 out of 19), benzo[a]pyrene (14 out of 19), dibenz-
[ah]anthracene (1 out of 19), benzo[a]anthracene (11 out of 19), benzoic acid (2
out of 19), di-n-butyl phthalate (2 out of 19), phenanthrene (13 out of 19),
naphthalene (5 out of 19), 2-methylnapthalene (6 out of 19), and indeno|[1,2,3-
C,D]pyrene (11 out of 19). Of the volatile organic compounds, toluene was
detected in 6 samples, acetone in 3, trichlorofluoromethane in 1, and methylene
chloride in 5. TPHCs were detected in 10 of the surface soil samples. A summary

of surface soil sampling results is presented in Table 4.6 and statistical data

is provided in Table 4.7.
4.2.4 Explosive Compounds in Surface Soil
No explosive compounds were found in excess of laboratory detection limits.

4.2.5 Surface Soil Data Comparison

Surface soil concentrations were compared to 2 times average background
concentrations to determine if chemical concentrations are attributable to site-
related activities. The HRS recommends the comparison of data to 3 times
background in order to determine if a release has occurred. For the purposes of
this evaluation, sample results were compared to 2 times background as a more
conservative estimate. Compounds that were determined to be in excess of 2 times
background were further compared with the NJDEPE's Proposed Cleanup Standards for
Contaminated Sites (N.J.A.C, 7:26D). The NJDEPE soil standards include criteria
for residential direct contact, non-residential direct contact, and impact to
groundwater. Although PSF is considered a non-residential site, the site may be
used for residential purposes in the future. Therefore, surface soil
concentrations were compared to the residential direct contact standards. Due
to the high groundwater table at the site, the impact to groundwater standards
were applied if more stringent than the direct contact standards. Table 4.8

provides a summary of sampling locations exceeding twice background and the

NJDEPE proposed standards.

The only compound detected in surface soils that was not detected in excess
of two times background in at least one sample was thallium. However, the only
compounds that exceeded the NJDEPE direct contact cleanup standards were arsenic,
cadmium, copper, and benzo[b]fluoranthene. Cadmium exceeded direct contact
cleanup criteria in MW11-001, MW12-002, MW13-001, and SB11-001. Copper exceeded
direct contact cleanup criteria in sample location SB11-001 only, however, this
concentration does meet compliance criteria as documented in N.J.A.C. 7:26D-

3.3(b)2., Cleanup Standards for Contaminated Sites, February 3, 1992. Benzo-
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[b]fluoranthene slightly exceeded cleanup criteria in sample location SB11-003.
Arsenic exceeded the cleanup standard in MW12-001, SB11-001 and SB11-003.
Detectable arsenic concentrations were generally found in the same areas in
surface and subsurface soils. A review of surface soil data points that exceed
cleanup criteria indicates that SB11-001 consistently exceeded cleanup standards
for inorganic compounds. This result is not surprising because SB11-001 was
installed to evaluate potential impacts from the former scrap metal storage area.
Surface soil sampling results indicate that the former scrap metal storage area

and other downgradient areas may have been impacted by site-related activities.
4.2.6 Potential Surface Soil Transport Pathways

Potential transport pathways for on-site surface soils include migration to
the subsurface soils and ultimately to the groundwater, and overland runoff to
the storm drains and sediments. Detectable concentrations of arsenic were also
found in subsurface soils and sediments collected in the vicinity of the former
scrap metal storage area and the leaching ponds, indicating that this pathway is

complete.
4.3 Geotechnical Analysis

Along with the soil sampled for chemical analysis at each soil boring
location, soil samples were taken for geotechnical analysis at various intervals,
in an attempt to collect a sample from each representative soil horizon. Empire
Soils Investigations, Inc., Division of Huntingdon, in Middleport, New York,
completed the geotechnical analyses on a total of 27 samples, including: grain
size distribution, plastic limit testing, liquid limit testing, and final
description of each using USCS (ASTM D2487) classifications. Appendix G contains

the geotechnical testing report.

The results of the geotechnical analysis revealed that all of the samples
submitted fell into USCS categories SP, SP-SM, or SM. These categories indicate
sand with little gravel and trace fines (SP), or sand with some fines and trace
gravel (SM), or somewhere between. Depth intervals chosen from the boreholes
included from 0-2 feet bgs, 2-4 feet bgs, 4-6 feet bgs, 9-11 feet bgs, 10-12 feet
bgs, 14-16 feet bgs, and 20-22 feet bgs.

Geotechnical data files generated during the ESI were entered into USAEC'’s
Installation Restoration Data Management Information System (IRDMIS) for
permanent record keeping. Four types of files were recorded and entered,

including:
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Geotechnical Field Drilling File (GFD) - information about drilling
operations, descriptions of 1lithology encountered, soil sampling
descriptions, and depth to first groundwater encountered.

Geotechnical Well Construction File (GSC) - information about
installation of the monitoring well, design and construction of the
well to include: total depth; screen interval; annular materials
(filter pack, bentonite, grout); lengths of stick-up, blank casing,
screen; and casing diameter.

Geotechnical Groundwater Stabilized File (CGS) - data on depth to
stabilized groundwater surface (from ground surface), date reading was
collected, method of measurement, and source of data (instrument

operator).

Geotechnical Aquifer Analysis File (GAQ) - information concerning the
type of aquifer test conducted, date and duration of test, and test
data collected or calculated from aquifer test.

These files were generated from field logbooks, boring logs, and field

observations. Any observation made in the field that was not included on these

forms was recorded permanently within the field logbooks.
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TABLE 4.1
SUBSURFACE SOIL BACKGROUND ANALYTICAL RESULTS (ppm)

MW20-001 MW20-001 MW21-001 MW21-001 MW22-001 AVERAGE AVERAGE 2 X
2-4' 4-6° 2-4" 4-6 2-4" BACKGROUND BACKGROUND
03-Jun-93 03-Jun-93 02-Jun-93 02-Jun-93 09-Jun-93 CONCENTRATION | CONCENTRATION

Total petroleum hydrocarbons LT 10 LT 10 LT 10 LT 10 LT 10 5.00 10.00
Mercury LT 0.027 LT 0.027 LT 0.027 LT 0.027 LT 0.027 0.01 0.03
Lead 3.89 2.31 5.52 2.44 2.03 3.24 6.48
Thallium LT 0.153 LT 0.153 LT 0.153 LT 0.153 LT 0.153 0.08 0.15

|| Arsenic 0.503 LT 0.202 2.52 2.37 1.35 1.37 2.74

|[ Selenium LT 0.202 LT 0.202 LT 0.202 LT 0.202 3.3 0.74 1.48
Aluminum 4140 4630 2960 3070 4920 3944.00 7888.00
Iron 1630 8300 7400 7300 8700 6666.00 13332.00
Magnesium 233 496 470 453 758 481.40 962.80
Manganese "19.4 14.2 42.4 89.4 64.1 45.90 91.80
Molybdenum LT 1 LT 1 LT 1 LT 1 LT 1 0.50 1.00
Nickel LT 1.54 4.12 4.04 4.01 6.25 3.84 7.68
Potassium LT 119 499 274 269 381 296.50 593.00
Silver LT 0.521 LT 0.521 LT 0.521 LT 0.521 LT 0.521 0.26 0.52
Sodium 137 72.6 73.1 78.9 70.5 86.42 172.84
Titanium 76.2 94.4 99.7 105 87.8 92.62 185.24
Barium 21.2 18.5 4.7 8.72 14.5 13.52 27.05
Beryllium LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5 0.25 0.50
Cadmium LT 0.515 LT 0.515 LT 0.515 LT 0.515 LT 0.515 0.26 0.52
Chromium 4.39 10.6 8.3 7.03 1.1 8.28 16.57
Cobalt 1.05 2.12 4.18 4.48 3.54 3.07 6.15
Copper LT 0.937 2.01 1.88 2.59 2.45 1.88 3.76
Vanad ium 5.01 10.7 9.19 9.07 11.9 9.17 18.35
Zinc 11.8 10.1 9.38 20.4 13.6 13.06 26.11 I
Calcium 630 206 151 248 263 299.60 599.20 II




TABLE 4.1 (continued)
SUBSURFACE SOIL BACKGROUND ANALYTICAL RESULTS (ppm)

MW20-001 MW20-001 MW21-001 MW21-001 MW22-001 AVERAGE AVERAGE 2 X
2-4' 4-6" 2-4" &4-6’ 2-4" BACKGROUND BACKGROUND
03-Jun-93 03-Jun-93 02-Jun-93 02-Jun-93 09-Jun-93 CONCENTRATION | CONCENTRATION
Benzo([b]fluoranthene
Fluoranthene LT 0.085 LT 0.085 LT 0.085 LT 0.085 LT 0.08S 0.04 0.09
Benzo{k]}fluoranthene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 0.02 0.03
Bls(2-chloroisopropyl) ether LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 0.02 0.03
Acenaphthylene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 0.02 0.03
Bis(2-ethylhexyl) phthalate LT 0.39 LT 0.39 LT 0.39 LT 0.39 LT 0.39 0.20 0.39
Pyrene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 0.02 0.03
Benzo[a]pyrene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 0.02 0.03
Benzo{a)anthracene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 0.02 0.03 “
Benzoic acid LT 0.73 LT 0.73 LT 0.73 LT 0.73 LT 0.73 0.37 0.73 “
Di-n-butyl phthalate LT 0.92 LT 0.92 LT 0.92 LT 0.92 LT 0.92 0.46 0.92 Il
Phenanthrene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 0.02 0.03
Indeno(1,2,3-C,D]pyrene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 0.02 0.03
Toluene 0.012 LT 0.002 LT 0.002 LT 0.002 LT 0.002 0.00 0.01 “
Acetone LT 0.046 LT 0.046 LT 0.046 LT 0.046 LT 0.046 0.02 0.05 "

2-4' = depth in feet of sample below grade.

ppm =  parts per million or ug/g

LT = Less than laboratory-certified detection limit

Note: Table includes only those parameters detected above laboratory-certified detection limits.



TABLE 4.2
SUBSURFACE SOIL ANALYTICAL RESULT (ppm)

MW2-001 MW10-001 MW11-001 MW11-002
2-4"° 2-4" 2-4' 2-4"
08-JUN-93 08-Jun-93 07-Jun-93 08-Jun-93
Total petroleum hydrocarbons LT 10 LT 10 LT 10 LT 10 LT 10 LT 10
Mercury LT 0.027 LT 0.027 LT 0.027 LT 0.027 LT 0.027 LT 0.027
Lead 3.87 1.38 3.24 3.74 3.91 4.66
Arsenic 1.72 0.386 i 1.94 5.62 1.27 2.27
Selenium 0.422 LT 0.202 LT 0.202 0.534 0.344 LT 0.202
Aluminum 7900 2220 3400 2660 5120 4240
Iron 13000 3920 7300 8400 5980 8100
Magnesium 437 364 491 341 760 780
Manganese 19.2 22.9 69.7 13.5 24.8 65.6
Molybdenum LT 1 LT 1 LT 1 LT 1 LT 1 LT 1
Nickel 4.15 2.91 4.01 2.43 4.47 5.89
Potassium 306 308 233 243 435 424
Silver LT 0.521 LT 0.521 LT 0.521 LT 0.521 LT 0.521 LT 0.521 |
Sodium 61.8 103 82.1 76.5 74 73.3 1
Titanium 67.4 85.8 79.1 60.2 43.5 68.4
Barium 16.2 7.63 11.9 16.6 14.7 15.7
Beryllium 0.644 LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5
Chromium 14.8 6.5 9.09 7.17 8.54 9.44
Cobalt 2.04 1.9 3.77 2.42 2.44 4.69
Copper 1.44 2.5 3.05 1.65 2.95 5.76
Vanadium 20.7 5.98 9.94 8.83 9.77 10.1
Zinc 20.1 7.59 15.3 6.23 10.7 22.2
Calclum 175 142 132 119 372 285
Benzo[b)] fluoranthene LT 0.033 LT 0.03’3 LT 0.033 LT 0.033 LT 0.033 LT 0.033
Fluoranthene LT 0.085 LT 0.085 LT 0.085 LT 0.085 LT 0.085 LT 0.085




TABLE 4.2 (continued)
SUBSURFACE SOIL ANALYTICAL RESULT (ppm)

PARAMETER MW2-001 MW7-001 MWB-001 MW10-001 MW11-001 MW11-002
2-4° 2-4° 2-4° 2-4° 2-4° 2-4°

08-JUN-93 07-Jun-93 07-Jun-93 08-Jun-93 07-Jun-93 08-Jun-93
Bis(2-ethylhexyl) phthalate LT 0.39 | LT 0.39 | LT 0.39 | LT 0.39 | rr 0.39 | LT 0.39
“ Pyrene LT 0.033 | LT 0.033 | LT 0.033 | LT 0.033 | LT 0.033 | LT 0.013
I Benzo{a]pyrene LT 0.033 | LT 0.033 | rr 0.033 | vr 0.033 | LT 0.033 | LT 0.033
Benzo{a)anthracene LT 0.033 | LT 0.033 | LT 0.033 | L1 0.033 | LT 0.033 | LT 0.033
Benzolc acid LT 0.73 | it 0.713 | Lt 0.73 | rr 0.73 | L1 0.73 | L1 0.73
Di-n-butyl phthalate LT 0.92 | LT 0.92 | LT 0.92 | Lt 0.92 | LT 0.92 | vr 0.92
Phenanthrene LT 0.033 | LT 0.033 | LT 0.033 | L1 0.033 | LT 0.033 | LT 0.033
Il 1ndeno(1,2,3-c,DIpyrene LT 0.033 | LT 0.033 | LT 0.033 | LT 0.033 | LT 0.033 | LT 0.033
Toluene LT 0.002 | LT 0.002 | LT 0.002 | LT 0.002 | LT 0.002 | LT 0.002
Acetone LT 0.046 0.11 0.045 0.057 0.092 | rr 0.046

¢ ¥ »




TABLE 4.2 (continued)
SUBSURFACE SOIL ANALYTICAL RESULTS (ppm)

MW12-001 MW12-002 MW13-001 MW14-001 MW14-002 MW15-001 MW16-001
2-4° 2-4° 2-4" 2-4" 2-4° 2-4' 2-4"

08-Jun-93 09-Jun-93 03-Jun-93 08-Jun-93 08-Jun-93 08-Jun-93 09-Jun-93
Total petroleum hydrocarbons 26.9 LT 10 72.8 LT 10 LT 10 LT 10 LT 10
Mercury LT 0.027 LT 0.027 LT 0.027 LT 0.027 LT 0.027 LT 0.027 LT 0.027
Lead 1.04 5.46 3.79 2.85 2.9 2.1 4.87
Arsenic 7.38 3.33 2.89 1.28 1.8 1.82 2.09
Selenium 0.313 1.44 LT 0.202 LY 0.202 0.339 LT 0.202 2.12
Aluminum 5650 6900 4770 5340 3060 4820 5250
Iron 9300 9800 9600 7300 6050 8600 11000
Magnesium 1020 894 802 867 627 744 1130
Manganese 191 49.4 83.7 31.2 37.1 71.4 133
Molybdenum LT 1 1.5 1.49 LT 1 LT 1 LT 1 LT 1
Nickel 8 7.14 6.1 5.2 5.11 5.28 8.46
Potassium 499 422 256 517 304 369 595
Silver LT 0.521 LT 0.521 LT 0.521 LT 0.521 LT 0.521 LT 0.521 LT 0.521
Sodium 183 74.3 75.8 73.6 99.2 79.5 69 Il
Titanium 127 70.9 75.3 61.1 70.8 78.3 146
Barium 33.4 29 19.7 12.7 10.4 19.8 19.1 “
Beryllium 0.699 LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5 ||
Chromium 20.5 10.5 8.75 11.8 7.26 9.63 11.6 II
Cobalt 5.23 2.83 4.21 2.67 2.74 3.85 5.31
Copper 12.2 4.78 4.14 4.1 3 5.89 5.46
Vanadium 16 13.8 11.5 12.6 7.94 11.8 14.7
Zinc 64.8 40.8 37.2 13 12.6 20.7 19.2
Calcium 415 556 242 218 144 361 445
Benzo(b] fluoranthene 0.18 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
Fluoranthene 0.21 LT 0.085 LT 0.085 LT 0.085 LT 0.085 LT 0.085 LT 0.085




PARAMETER

MW12-001

TABLE 4.2 (continued)

SUBSURFACE SOIL ANALYTICAL RESULTS (ppm)

MW12-002

MW13-001

MW14-001 MW14-002 MW15-001 MW16-001
2-4" 2-4" 2-4" 2-4" 2-4° 2-4" 2-4'

08-Jun-93 09-Jun-93 03-Jun-93 08-Jun-93 08-Jun-93 08-Jun-93 09-Jun-93

Bis(2-ethylhexyl) phthalate LT 0.39 LT 0.39 LT 0.39 LT 0.39 0.36 LT 0.39 LT 0.39
Pyrene 0.15 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 ||
Benzo(a]pyrene 0.12 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 II

“ Benzo[a]anthrscene 0.12 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033

Bengzoic acid LT 0.73 LT 0.73 LT 0.73 LT 0.73 LT 0.73 LT 0.73 1.9

Di-n-butyl phthalate LT 0.92 LT 0.92 LT 0.92 LT 0.92 2.8 LT 0.92 LT 0.92

Phenanthrene 0.088 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
Indeno(1,2,3-C,D]pyrene 0.057 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 ll
“ Toluene LT 0.002 LT 0.002 LT 0.002 LT 0.002 LT 0.002 LT 0.002 LT 0.002 II
|| Acetone LT 0.046 LT 0.046 LT 0.046 LT 0.046 LT 0.046 LT 0.046 LT | 0-046 "




TABLE 4.2 (continued)
SUBSURFACE SOIL ANALYTICAL RESULTS (ppm)

MW16-001 MW16-002 MW16-003 MW24-001
4-6° 2-4" 2-4' 2-4'
09-Jun-93 09-Jun-93 09-Jun-93 09-Jun-93
Total petroleum hydrocarbons LT 10 LT 10 29.4 LT 10
Mercury LT 0.027 0.036 LT 0.027 LT 0.027

Lead 3.67 1.6 4.05 2.67

Arsenic 1.51 5.67 2.84 2.04
Selenium LT 2.02 3.9 4.53 3.65

Aluminum 4860 4310 6100 6120 ﬂ

Iron 10000 5820 11000 13000

Magnesium 870 509 1020 1000

Manganese 66.4 59.3 65.4 58.5

Molybdenum LT 1 LT 1 LT 1 LT 1

Nickel 5.56 4.78 6.2 7.56

Potassium 405 323 553 516

Silver LT 0.521 LT 0.521 LT 0.521 LT 0.521 {f

Sodium 72.6 94 65 82.6

Titanium 138 70.6 85.9 110

Barium 20.3 33.1 19 23

Beryllium LT 0.5 LT 0.5 LT 0.5 LT 0.5

Chromium 11 8.29 10.9 . 12.2

Cobalt 3.59 2.67 3.38 4.08

Copper 4.61 6.95 4.18 3.58

Vanadium 13.9 10.2 13.9 | 15.8

i

Zinc 15.6 19.6 18.6 15.6

Calcium 414 620 524 346

Benzo{b)fluoranthene LT 0.033 0.11 LT 0.033 LT 0.033

!
ﬁ

Fluoranthene LT 0.085 LT 0.085 LT 0.085 LT 0.085




TABLE 4.2 (continued)
SUBSURFACE SOIL ANALYTICAL RESULTS (ppm)

MW16-001 MW16-002 MW16-003 MW24-001
4-6* 2-4° 2-4" 2-4°
09-Jun-93 09-Jun-93 09-Jun-93 09-Jun-93
Bis(2-ethylhexyl) phthalate
II Pyrene LT 0.033 0.061 LT 0.033 LT 0.033
Benzo(a)pyrene LT 0.033 0.057 LT 0.033 LT 0.033
Benzo[a)anthracene LT 0.033 LT 0.033 LT 0.033 LT 0.033
Benzolic acid LT 0.73 LT 0.73 LT 0.73 LT 0.73
“ Di-n-butyl phthalate 1.8 1.8 LT 0.92 LT 0.92
|| Phenanthrene LT 0.033 0.041 LT 0.033 LT 0.033
Indeno(1,2,3-C,D]pyrene LT 0.033 LT 0.033 LT 0.033 LT 0.033
Toluene LT 0.002 LT 0.002 LT 0.002 LT 0.002
Acetone LT 0.046 LT 0.046 LT 0.046 LT 0.046




TABLE 4.2 (continued)
SUBSURFACE SOIL ANALYTICAL RESULTS (ppm)

SB10-001 SB11-001 SB11-002 SB11-003 SB16-001
2-4° 2-4 2-4° 2-4" 2-4°
07-Jun-93 07-Jun-93 07-Jun-93 07-Jun-93 02-Jun-93

Total’ petroleum hydrocarbons LT 10 106 40.9 LT 10 80.3

II Mercury LT 0.027 LT 0.027 LT 0.027 LT 0.027 LT 0.027

Il Lead 2.58 4.73 2.39 3.06 6.79

II Arsenic 1.13 4.06 1.2 2.6 1.93
Selenium 0.603 0.334 LT 0.202 LT 0.202 LT 0.202
Aluminum 4180 4780 3550 4550 3410
Iron 7000 10000 4530 9600 7300
Magnesium 973 580 491 811 701
Manganese 78.9 28.4 21.5 4S5.4 39.6
Molybdenum LT 1 LT . 1 LT 1 1.88 LT 1
Nickel 7 4.21 3.33 6.1 4.97

|| Potassium 578 280 156 A25 376 I

“ Silver LT 0.521 LT 0.521 LT 0.521 0.743 LT 0.521

|| Sodium 91.1 75 82.9 88.3 79.7
Titanium 93.4 52.1 43.3 65 64.8
Barium 17 22.9 16.4 14.1 11
Beryllium LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5
Chromium 8.8 9.05 5.76 9.9 10.4
Cobalt 4.67 1.99 1.68 4.33 3.61
Copper 3.45 3.1 2.25 4.08 4
Vanadium 9.49 11.6 7.25 11.7 10.4 ||
Zinc 19.3 14.1 15.3 18.9 13.8 Il
Calcium 194 374 105 549 186 ||
Benzo(b)]fluoranthene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 “

II Fluoranthene LT 0.085 LT 0.085 LT 0.085 LT 0.085 LT 0.085 II




TABLE 4.2 (continued)
SUBSURFACE SOIL ANALYTICAL RESULTS (ppm)

SB10-001 SB11-001 SB11-002 SB11-003 SB16-001
2-5’ 2-4° 2-5" 2-4° 2-4"
07-Jun-93 07-Jun-93 07-Jun-93 07-Jun-93 02-Jun-93
Bis(2-ethylhexyl) phthalate
Pyrene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 Il
“ Benzo(a]pyrene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 “
“ Benzo[a)anthracene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
lI Benzoic acid LT 0.73 LT 0.73 LT 0.73 LT 0.73 LT 0.73
Di-n-butyl phthalate LT 0.92 LT 0.92 LT 0.92 LT 0.92 LT 0.92
Phenanthrene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
Indeno(1,2,3-C,D]pyrene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 II
Toluene LT 0.002 LT 0.002 LT 0.002 LT 0.002 0.005 Il
Acetone LT 0.046 0.2E 0.12 0.14 0.052

2-4" = depth of sample below grade.

ppm = parts per million or ug/g

LT = Less than laboratory-certified detection limit

E= Element run with background correction (flagged code).

Note: Table includes only those parameters detected above laboratory-certified detection limits.



TABLE 4.3
STATISTICAL EVALUATION OF SUBSURFACE SOIL SAMPLES (ppm)

- FREQUENCY
OF
DETECTION

PERCENTAGE
DETECTED
x)

AVERAGE
CONCENTRATION

DETECTED
CONCENTRATION

Total petroleum hydrocarbons 6/22 27 19.83 106
Mercury 1/22 5 0.01 0.036
Lead 22(22 100 3.43 6.79
Arsentc 22/22 100 2.58 7.38
Selenium 12/22 55 0.93 4.53 “
Aluminum 22/22 100 4690.45 7900 II

|| Iron 22/22 100 8481.82 13000

|| Magnesium 22/22 100 736.91 1130

II Manganese 22/22 100 58.00 191
Molybdenum 3/22 14 0.65 1.88
Nickel 22/22 100 5.40 8.46
Potassium 22/22 100 387.41 595 II
Silver 1/22 5 0.28 0.743 |I
Sodium 22/22 100 84.38 183

“ Titanium 22/22 100 79.86 146
Barium 22122 100 18.35 33.4
Beryllium 2/22 9 0.29 0.699
Chromium 22/22 100 10.09 20.5
Cobalt 22/22 100 3.37 5.31
Copper 22/22 100 4.23 12.2

II Vanadium 22/22 100 11.72 20.7
Zinc 22/22 100 20.06 64.8
Calcium 22/22 100 314.45 620
Benzo[b]fluoranthene 2/22 9 0.03 0.18
Fluoranthene 1/22 5 0.05 0.21 II




TABLE 4.3 (continued)
STATISTICAL EVALUATION OF SUBSURFACE SOIL SAMPLES (ppm)

PARAMETER FREQUENCY PERCENTAGE AVERAGE MAXIMUM
OF DETECTED CONCENTRATION DETECTED

DETECTION (X) CONCENTRATION
Bis(2-ethylhexyl) phthalate 1/22 5 0.21 0.56
Pyrene 2/22 9 0.02 0. ISJ
Benzo{a]pyrene 2/22 9 0.02 0.12
Benzo[a)anthracene 1/22 5 0.02 0.12
Benzoic acid 1/22 5 0.43 1.9
Di-n-butyl phthalate 3/22 14 0.69 2.8
Phenanthrene 2/22 9 0.02 0.088
Indeno(1,2,3-C,D]pyrene 1/22 5 0.02 0.057
Toluene 1/22 5 0.00 0.005
Acetone 8/22 36 0.05 0.2

ppm =  parts per million or ug/g
Note: Table includes only those parameters detected above laboratory-certified detection limits.



AVERAGE
CONCENTRATION

TABLE 4.4
SUBSURFACE SOIL DATA COMPARISON (ppm)

MAXIMUM
CONCENTRATION
DETECTED

AVERAGE 2 X
BACKGROUND
CONCENTRATION

NUMBER OF
SAMPLES
EXCEEDING
BACKGROUND

NJDEPE
CLEANUP
CRITERIA®

SAMPLES
EXCEEDING
NJDEPE

CRITERIA®

Total petroleum hydrocarbons 19.83 106 10.00 6 1000 [
Mercury 0.01 0.036 0.03 1 270 0
Lead 3.43 6.79 6.48 1 600° 0
Arsenic 2.58 7.38 2.74 7 20* 0
Selenium 0.93 4.53 1.48 & 3100° []
Aluminum 4690.45 7900 7888.00 1 . N/A
Iron 8481.82 13000 13332.00 0 * N/A
Magnesium 736.91 1130 962.80 5 A N/A
“ Manganese 58.00 191 91.80 2 * N/A
|| Molybdenum 0.65 1.88 1.00 2 * N/A
Nickel 5.40 8.46 7.68 2 2400° (]
ll Potassium 387.41 595 593.00 1 b N/A
i Silver 0.28 0.743 0.52 1 4100° 0
Sodium 84.38 183 172.84 1 * N/A
Titanium 79.86 146 185.24 0 . N/A
Barium 18.35 33.4 27.05 3 47000° 0
Beryllium 0.29 0.699 0.50 2 1* 0
Chromium 10.09 20.5 16.57 1 * N/A
Cobalt 3.37 5.31 6.15 (1] » N/A
Copper 4.23 12.2 3.76 12 600" 0
Vanadium 11.72 20.7 18.35 1 7100° 0
Zinc 20.06 64.8 26.11 3 1500° 0
Calcium 314.45 620 599.20 1 . N/A
“ Benzo(b] fluoranthene 0.03 0.18 0.03 2 500 0




TABLE 4.4 (continued)
SUBSURFACE SOIL DATA COMPARISON (ppm)

AVERAGE MAXIMUM AVERAGE 2 X NUMBER OF NUMBER OF
CONCENTRATION | CONCENTRATION BACKGROUND SAMPLES SAMPLES
DETECTED CONCENTRATION EXCEEDING EXCEEDING
BACKGROUND NJDEPE
CRITERIAC
Fluoranthene 0.05 0.21 .09 1 500 0
Bis(2-ethylhexyl) phthalate 0.21 0.56 0.39 1 100 0
Pyrene 0.02 0.15 0.03 2 500 0
Benzo[a)pyrene 0.02 0.12 0.03 2 100 0
Benzo[ajanthracene 0.02 0.12 0.03 1 500 0
| Benzoic acld 0.43 1.9 0.73 1 * N/A
Di-n-butyl phthalate 0.69 2.8 0.92 3 100 0
Phenanthrene 0.02 0.088 0.03 2 * N/A
Indeno[1,2,3-C,D]pyrene 0.02 0.057 0.03 1 500 ]
Toluene 0.00 0.005 0.01 0 100 0
Acetone 0.05 0.2 0.05 7 50 0
a. NJDEPE Proposed Cleanup Standards for Contaminated Sites - Impact to Groundwater Standards (unless otherwise noted).
b. NJDEPE Proposed Cleanup Standards for Contaminated Sites - Non-residential Direct Contact Standards
c. Comparison to Cleanup Criteria Conducted for Data Points in Excess of 2 Times Background

- No standard available
ppm = parts per million or ug/g
N/A = not applicable
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TABLE 4.5
SURFACE SOIL BACKGROUND ANALYTICAL RESULTS (ppm)

MW20-001 MW21-001 MW22-001 AVERAGE AVERAGE 2 X

03-Jun-93 02-Jun-93 09-Jun-93 BACKGROUND BACKGROUND
CONCENTRATION | CONCENTRATION

Total petroleum hydrocarbons LT 10 18.6 19.3 14.30 28.60

II Mercury 0.032 LT 0.027 LT 0.027 0.02 0.04
Lead 9.91 66 1.4 25.77 51.54
Thallium LT 0.153 0.175 LT 0.153 0.11 0.22
Arsenic 2.19 2.66 2.12 2.32 4.65
Selenium LT 0.202 LT 0.202 LT 0.202 0.10 0.20
Aluminum 3790 2960 3930 3560.00 7120.00
Iron 7800 4420 8000 6740.00 13480.00

II Magnesium 649 315 548 504.00 1008.00
Manganese by .2 152 7.7 89.30 178.60
Molybdenum LT 1 LT 1 LT 1 0.50 1.00
Nickel 4.82 2.5 3.84 3.72 7.44
Potassium 289 LT 119 230 192.83 385.67

'I Silver LT 0.521 LT 0.521 LT 0.521 0.26 0.52
Sodium 75.9 65.8 83.7 75.13 150.27

Il Titanium 61.3 64.3 72.6 66.07 132.13
Barium 16.7 19.5 21.7 19.30 38.60
Beryllium LT 0.5 LT 0.5 LT 0.5 0.25 0.50
Cadmium LT 0.515 LT 0.515 LT 0.515 0.26 0.52
Chromium 7.58 5.06 9.63 7.42 14.85
Cobalt 2.43 2.01 2.24 2.23 &4.45
Copper 4.46 4.17 4.39 4.34 8.68
Vanadium 9.82 7.3 12.8 9.98 19.95
Zinc 16.1 13.9 20.3 16.77 33.53
Calcium 382 182 508 357.33 714.67




TABLE 4.5 (continued)
SURFACE SOIL BACKGROUND ANALYTICAL RESULTS (ppm)

MW20-001 MW21-001 MW22-001 AVERAGE AVERAGE 2 X
03-Jun-93 02-Jun-93 09-Jun-93 BACKGROUND BACKGROUND
CONCENTRATION | CONCENTRATION
Benzo[b)fluoranthene LT 0.033 0.1 0.41 0.18 0.35
Fluoranthene LT 0.085 LT 0.085 0.46 0.18 0.36 “
Benzo[k]fluoranthene LT 0.033 LT 0.033 LT 0.033 0.02 0.03 "
Acenaphthylene LT 0.033 LT 0.033 LT 0.033 0.02 0.03 "
Chrysene LT 0.22 LT 0.22 LT 0.22 0.11 0.22 "
II Anthracene LT 0.033 LT 0.033 LT 0.033 0.02 0.03 II
Pyrene LT 0.033 0.066 0.33 0.14 0.28 "
Dibenzofuran LT 0.033 LT 0.033 LT 0.033 0.02 0.03
Benzo[a]pyrene LT 0.033 0.057 0.23 0.10 0.20
Dibenz[ah]anthracene LT 0.033 LT 0.033 LT 0.033 0.02 0.03
Benzo[a)anthracene LT 0.033 LT 0.033 0.17 0.07 0.14
Benzoic acid LT 0.73 LT 0.73 LT 0.73 0.37 0.73
Di-n-butyl phthalate LT 0.92 LT 0.92 LT 0.92 0.46 0.92
Phenanthrene LT 0.033 0.064 0.24 0.11 0.21
" Naphthalene LT 0.033 LT 0.033 LT 0.033 0.02 0.03 ||
|| 2-Methylnaphthalene LT 0.033 LT 0.033 LT 0.033 0.02 0.03
“ Indeno(1,2,3-C,D]pyrene LT 0.033 LT 0.033 0.13 0.05 0.11
Toluene LT 0.002 LT 0.002 LT 0.002 0.00 0.00
Acetone LT 0.046 LT 0.046 LT 0.046 0.02 0.05
Methylene chloride LT 0.04 LT 0.04 LT 0.04 0.02 0.04
Trichlorofluoromethane LT 0.002 LT 0.002 LT 0.002 0.00 0.00 “
“ PETN LT 41 11.91 LT 4 5.30 10.60 II
ppm =  parts per million or ug/g
LT = Less than laboratory-certified detection limit
Note: Table includes only those parameters detected above laboratory-certified detectlion limits.
I = Low splike recovery high



TABLE 4.6
SURFACE SOIL ANALYTICAL RESULTS (ppm)

MW2-001 MW10-001 MW11-001 MW11-002 MW12-001
08-Jun-93 08-Jun-93 07-Jun-93 08-Jun-93 08-Jun-93

Total petroleum hydrocarbons 24.3 LT 10 LT 10 13.5 LT 10 22.2 LT 10
Mercury LT 0.027. 0.034 LT 0.027 LT 0.027 0.038 LT 0.027 LT 0.027
Lead 4.3 5.41 130 2.5 1.1 2.9 3.8
Thallium LT 0.153 LT 0.153 LT 0.153 LT 0.153 LT 0.153 LT 0.153 LT 0.153
Arsenic 2.34 2.96 6.28 16 3.32 2.14 34

I Selenium LT 0.202 0.645 0.277 0.762 0.274 LT 0.202 1.02

|| Aluminum 1880 3180 3810 2390 5410 3630 6080

|| Iron 2820 4310 6800 7100 9300 6000 8100
Magnesium 267 273 515 355 836 1850 979
Manganese 20.9 26.7 31.3 30.1 137 91 173
Molybdenum LT 1 1.37 1.28 LT 1 LT 1 LT 1 LT 13

IL Nickel LT 1.54 2.78 4.09 3.85 6.16 5.37 7.05
Potassium 215 238 250 278 583 345 490
Silver LT 0.521 0.68 LT 0.521 LT 0.521 LT 0.521 LT 0.521 LT 0.521 II
Sodium 85.2 97.2 75.4 102 204 64 89.5 “
Titanium 49.5 63.8 92.1 63 56.2 77.3 113 I|
Barium 18.3 20.3 21.8 24.7 369 21.6 35.4 I
Beryiiium e LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5
Cadmium LT 0.515 LT 0.515 LT 0.515 LT 0.515 24.8 LT 0.515 LT 0.515
Chromium 5.58 6.11 8.86 6.23 9.73 8.39 17
Cobalt 0.886 2.14 2.84 2.47 3.56 3.12 4.8 ll
Copper . 8.93 3.65 6.53 4.05 16.1 9.21 10.2 II
Vanadium 6.11 7.55 11.5 9.3 12.1 9.03 15 H




TABLE 4.6 (continued)
SURFACE SOIL ANALYTICAL RESULTS (ppm)

MW2-001 MW7-001 MW8-001 MW10-001 MW11-001 MW11-002 MW12-001
08-Jun-93 07-Jun-93 07-Jun-93 08-Jun-93 07-Jun-93 08-Jun-93 08-Jun-93

Zinc 25.1 11.4 22.8 10.5 109 27.3 53.4
Calcium 795 241 287 514 1040 3270 358
Benzo[b]fluoranthene 0.14 LT 0.033 0.3 0.089 0.53 0.078 0.062
Fluoranthene LT 0.085 LT 0.085 0.22 LT 0.085 0.39 LT 0.085 0.13
Benzo[k)fluoranthene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 0.1
Acenaphthylene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
Chrysene LT 0.22 LT 0.22 LT 0.22 LT 0.22 LT 0.22 LT 0.22 LT 0.22
Anthracene LT 0.033 LT 0.033 LT 0.033 LT 0.033 0.05 LT 0.033 LT 0.033
Pyrene 0.061 LT 0.033 0.15 0.059 0.27 0.044 0.086
Dibenzofuran LT 0.033 LT 0.033 LT 0.033- LT 0.033 LT 0.033 LT 0.033 LT 0.033
Benzo[a]pyrene 0.094 LT 0.033 0.17 0.044 0.35 0.04 0.085
Dibenz[ah)anthracene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
Benzo{a]anthracene LT 0.033 LT 0.033 0.083 0.046 0.23 LT 0.033 0.075
Benzoic acid LT 0.73 LT 0.73 LT 0.73 LT 0.73 LT 0.73 LT 0.73 LT 0.73
Di-n-butyl phthalate LT 0.92 LT 0.92 LT 0.92 LT 0.92 LT 0.92 LT 0.92 LT 0.92

| Phenanthrene 0.048 LT 0.033 0.12 0.076 0.17 LT 0.033 0.055
Naphthalene LT 0.033 LT 0.033 0.057 0.059 LT 0.033 LT 0.033 LT 0.033
2-Methylnaphthalene LY 0.033 LT 0.033 0.05 0.058 LT 0.033 LT 0.033 LT 0.033

|| Indeno(1,2,3-C,D])pyrene 0.069> LT 0.033 0.083 LT 0.033 0.22 LT 0.033 0.049
Toluene LT 0.002 0.003 LT 0.002 0.005 0.014 LT 0.002 LT 0.002
Acetone LT 0.046 0.037 LT 0.046 LT 0.046 " 0.054 LT 0.046 LT 0.046 “

" Methylene chloride 0.05 LT 0.04 LT 0.04 0.085 0.18 LT 0.04 LT 0.04 II

“ Trichlorofluoromethane LT 0.002 LT 0.002 LT 0.002 LT 0.002 0.003 LT 0.002 LT 0.00ZJI




TABLE 4.6 (continued)
SURFACE SOIL ANALYTICAL RESULTS (ppm)

MW12-002 MW13-001 MW14-001 MW14-002 MW15-001 MW16-002 MW16-003
09-Jun-93 03-Jun-93 08-Jun-93 08-Jun-93 08-Jun-93 09-Jun-93 09-Jun-93
Total petroleum hydrocarbons 17.9 22 30.8 LT 10 LT 10 LT 10 LT 10
Mercury 0.039 0.154 LT 0.027 LT 0.027 LT 0.027 LT 0.027 0.047
Lead 1.4 120 5.2 4.01 3.9 1.07 1.5
Thallium LT 0.153 0.204 LT 0.153 LT 0.153 LT 0.153 LT 0.153 LT 0.153
Arsenic 9.78 11.4 5.53 1.56 2.96 5.33 5.81
Selenium 5.4 1.12 LT 0.202 0.577 LT 0.202 2.5 2.14 |}
Aluminum 7300 11000 4090 4040 4110 5410 4590
Iron 16000 25000 6010 5200 5300 8700 7200
Magnesium 1470 2840 526 585 571 756 670
Manganese 303 966 27.6 41.4 123 92.9 IGL“
“ Molybdenum 3.09 2.24 LT 1 LT 1 LT 1 LT 1 LT 1
|| Nickel 13.7 27.1 5.85 4.6 4.15 7.38 5.84°
":0(!33 fum T44 1230 270 253 289 498 344
Silver 2.91 1.13 0.899 LT 0.521 LT 0.521 LT 0.521 LT 0.521
Sodium 174 133 98.3 107 72.6 76.3 151
Titanium 137 583 57.7 66.3 49 93.9 65.2
Barium 221 93.4 29.9 19.1 25.2 33.4 35.8
Beryllium LT 0.5 0.895 LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5
Cadmium 1.4 1.58 LT 0.515 LT 0.515 LT 0.515 LT 0.515 LT 0.515
Chromium 25.6 65.1 9.1 6.87 7.63 12.9 8.09
Cobalt 7.32 15.5 2.87 3.05 2.8 3.67 2.56
Copper 125 52.2 10.6 3.96 5.36 7.49 7.21
Vanadium 20.3 52.5 15.5 8.37 9.01 14.9 10.3




TABLE 4.6 (continued)

SURFACE SOIL ANALYTICAL RESULTS (ppm)

PARAMETER MW12-002 MW13-001 MW14-001 MW14-002 MW15-001 MW16-002 MW16-003
09-Jun-93 03-Jun-93 08-Jun-93 08-Jun-93 08-Jun-93 09-Jun-93 09-Jun-93
Zinc 498 223 26.6 17 20.4 24.6 23.7
Calcium 5010 1500 236 195 301 742 1140
Benzo(b]fluoranthene 0.23 0.49 0.22 LT 0.033 0.056 0.088 0.13
Fluoranthene 0.24 0.39 0.24 LT 0.085 0.085 LT 0.085 LT 0.085
Benzo(k) fluoranthene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
Acenaphthylene LT 0.033 0.071 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
Chrysene LT 0.22 LT 0.22 LT 0.22 LT 0.22 LT 0.22 LT 0.22 LT 0.22
Anthracene LT 0.033 0.054 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
Pyrene 0.15 0.34 0.16 LT 0.033 LT 0.033 0.058 0.079
Dibenzofuran LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LY 0.033
Benzo[a]pyrene 0.12 0.31 0.14 LT 0.033 LT 0.033 0.043 0.058
Dibenz(ah]anthracene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
Benzo[a)anthracene 0.088 0.22 0.092 LT 0.033 LT 0.033 LT 0.033 0.05
Benzolc acid 1.8 LT 0.73 3.6 LT 0.73 LT 0.73 LT 0.73 LT 0.73
Di-n-butyl phthalate LT 0.92 LT 0.92 LT 0.92 1.9 LT 0.92 LT 0.92 2
Phenanthrene 0.12 0.24 0.12 LT 0.033 LT 0.033 0.057 0.057
Naphthalene LT 0.033 0.12 LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
2~Methylnaphthalene LT c.033 0.088 LT 0.033 LT 0.033 LT 0.033 LT 0.033 0.039
Indeno{1,2,3-C,D]pyrene 0.091 0.16 0.079 LT 0.033 LT 0.033 LT 0.033 0.047
Toluene LT 0.002 LT 0.002 LT 0.002 LT 0.002 LT 0.002 LT 0.002 LT 0.002 Il
Acetone LT 0.046 LT 0.046 LT 0.046 LT 0.046 LT 0.046 LT 0.046 LT 0.046 "
Methylene chloride LT 0.04 LT 0.04 LT 0.04 LT 0.04 LT 0.04 LT 0.04 LT 0.04 Il
Trichlorofluoromethane LT 0.002 LT 0.002 LT 0.002 LT 0.002 LT 0.002 LT 0.002 LT 0.002 "
L ¥ 1 L]



TABLE 4.6 (continued)
SURFACE SOIL ANALYTICAL RESULTS (ppm)

SB10-001 SB11-001 SB11-002 SB11-003 SB16-001
07-Jun-93 07-Jun-93 07-Jun-93 07-Jun-93 02-Jun-93

Total petroleum hydrocarbons LT 10 177 97 102 64.5
Mercury LT 0.027 0.193 0.051 LT 0.027 LT 0.027
Lead 2.89 220 10.5 42 2.18
Thallium LT 0.153 LT 0.153 LT 0.153 LT 0.153 LT 0.153
Arsenic 11 35 2.53 29 0.798
Selenium LT 0.202 0.766 LT 0.202 0.316 0.267
Aluminum 3580 4870 3960 6800 2230
Iron 8000 29000 7500 8200 4220
Magnesium 748 1300 A 613 1980 564
Manganese 52.5 142 57.2 503 39.9

|| Molybdenum LT 1 3.37 LT 1 1.96 LT 1

|I Nickel 5.21 17.5 4.86 7.46 4.03
Potassium 275 439 298 510 273 II
Silver LT 0.521 LT 0.521 LT 0.521 LT 0.521 LT 0.521 ||
Sodium 68.5 84.7 83.9 258 101
Titanium 71.6 111 66.3 252 68.7
Barium 21.1 192 18.6 138 7.53

Il Beryllium LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5
Cadmium LT 0.515 5.9 LT 0.515 LT 0.515 LT 0.515
Chromium 7.56 15.1 8.7 © 9.03 5.62
Cobalt 2.63 8.43 4.69 5.12 2.75

Il Copper 3.46 994 6.51 22 2.7 II

|l Vanadium 9.56 12.7 10.1 11.4 5.56 “




TABLE 4.6 (continued)
SURFACE SOIL ANALYTICAL RESULTS (ppm)

$B10-001 SB11-001 SB11-002 SB11-003 SB16-001
07-Jun-93 07-Jun-93 07-Jun-93 07-Jun-93 02-Jun-93
Zinc 15.7 721 45.8 47.1 15
Calcium 314 3620 219 12000 113
Benzo[b) fluoranthene LT 0.033 0.55 0.6 0.91 LT 0.033
Fluoranthene LT 0.085 0.34 0.36 0.43 LT 0.085
Benzo{k)fluoranthene LT 0.033 LT 0.033 LT 0.033 LT 0.033 LT 0.033
|i Acenaphthylene LT 0.033 LT 0.033 LT 0.033 0.079 LT 0.033
Chrysene LT 0.22 0.29 0.49 0.37 LT 0.22
Anthracene LT 0.033 0.046 0.046 0.069 LT 0.033
Pyrene LT 0.033 0.33 0.36 0.29 LT 0.033
Dibenzofuran LT 0.033 0.04 LT 0.033 0.049 LT 0.033
Benzo{a]pyrene LT 0.033 0.3 0.32 0.39 LT 0.033
Dibenz{ah]anthracene LT 0.033 LT 0.033 LT 0.033 0.095 LT 0.033
Benzo[a]anthracene LT 0.033 0.24 0.34 0.2 LT 0.033
Benzolc acid LT 0.73 LT 0.73 LT 0.73 LT 0.73 LT 0.73
Di-n-butyl phthalate . LT 0.92 LT 0.92 LT 0.92 LT 0.92 LT 0.92
Phenanthrene LT 0.033 0.17 | 0.082 0.18 | LT 0.033
Naphthalene LT 0.033 0.13 LT 0.033 0.11 LT 0.033
2-Methylnaphthalene LT 0.033 0.16 LT 0.033 0.12 LT 0.033
Indeno[1,2,3-C,D]pyrene LT 0.033 0.12 0.13 0.19 LT 0.033
Toluene LT 0.002 0.002 LT 0.002 0.006 0.002
Acetone LT 0.046 LT 0.046 0.089 LT 0.046 LT 0.046




TABLE 4.6 (continued)
SURFACE SOIL ANALYTICAL RESULTS (ppm)

SB10-001 SB11-001 SB11-002 SB11-003
07-Jun-93 07-Jun-93 07-Jun-93 07-Jun-93
Methylene chloride LT 0.04 0.073 LT 0.04 0.07 LT 0.04
II Trichlorofluoromethane LT 0.002 LT 0.002 LT 0.002 LT 0.002 LT 0.002 II
Note: Table includes only those parameters detected above laboratory-certified detection limits.
ppm = parts per mlllion or ug/g
LT = Less than laboratory-certified detection limit

I= Low spilke recovery high



TABLE 4.7
STATISTICAL EVALUATION OF SURFACE SOIL SAMPLES (ppm)

FREQUENCY PERCENTAGE AVERAGE
OF DETECTED CONCENTRATION DETECTED
DETECTION (X) CONCENTRATION
Total petroleum hydrocarbons 10/19 53 32.43 177
Mercury 7/19 37 0.04 0.193
Lead 19/19 100 29.72 220
Thallium 1/19 5 0.08 0.204
Arsenic 19/19 100 9.88 35 @
Selenium 13/19 68 0.88 5.4
Aluminum 19/19 100 4650.53 11000
Iron 19/19 100 9197.89 29000
Magnesium 19/19 100 931.47 2840
Manganese 19/19 100 159.03 966
Molybdenum 6/19 32 1.04 3.37
Nickel 18/19 95 7.25 27.1
Potassium 19/19 100 411.68 1230
Silver 4/19 21 0.50 2.91
Sodium 19/19 100 111.87 258 II
Titanium 19/19 100 112.45 583
Barium 19/19 100 70.85 369
Beryllium 1/19 5 0.28 0.895
Cadmium 4/19 21 1.98 24.8 ']
Chromium 19/19 100 12.80 65.1
Cobalt 19/19 100 4.27 15.5
Copper 19/19 100 68.38 994
Vanadium 19/119 100 13.20 52.5
Zinc 19/19 100 101.97 721 ||
ll Calcium 19/19 100 1678.68 12000 "




TABLE 4.7 (continued)
STATISTICAL EVALUATION OF SURFACE SOIL SAMPLES (ppm)

|

|

FREQUENCY PERCENTAGE AVERAGE MAXIMUM 3

OF DETECTED CONCENTRATION DETECTED ‘

DETECTION () CONCENTRATION |

Benzo(b)fluoranthene 15/19 79 0.24 0.91 ‘

Fluoranthene 10/19 53 0.17 0.43 ‘
Benzo[k)fluoranthene 1/19 5 0.02 0.1
Acenaphthylene 2/19 11 0.02 0.079
Chrysene 3/19 16 0.15 0.49
Anthracene 5/19 26 0.03 0.069
Pyrene 14/19 74 0.13 0.36

Dibenzofuran 2/19 11 0.02 0.049 n

Benzo{a)pyrene 14/19 74 0.13 0.39 “
Dibenz[ah)anthracene 1/19 5 0.02 0.095
Benzo(a]lanthracene 11/19 58 0.09 0.34

Benzoic acid 2/19 11 0.61 3.6 ]l

Di-n-butyl phthalate 2/19 11 0.62 2 “

Phenanthrene 13/19 68 0.08 0.24 “

Naphthalene 5/19 26 0.04 0.13 —F
2-Methylnaphthalene 6/19 32 0.04 0.16
Indeno(1,2,3-C,D]pyrene 11/19 58 0.07 0.22
Toluene 6/19 32 0.00 0.014
“ Acetone 3/19 16 0.03 0.089
II Methylene chloride 5/19 26 0.04 0.18
|| Trichlorofluoromethane 1/19 5 0.00 0.003

ppm =
Note:

parts per mlllion or ugl/g
Table includes only those parameters detected above laboratory-certified detection limits.



TABLE 4.8
SURFACE SOIL DATA COMPARISION (ppm)

AVERAGE MAXIMUM AVERAGE 2 X NUMBER OF NJDEPE NUMBER OF
?ONCENTRAT JON | CONCENTRATION BACKGROUND SAMPLES CLEANUP SAMPLES
DETECTED CONCENTRATION EXCEEDING CRITERIA® EXCEEDING
BACKGROUND NJDEPE
CRITERIA®
Total petroleum hydrocarbons 32.43 177 28.60 5 10000 0
Mercury 0.04 0.193 0.04 3 14 0
Lead 29.72 220 51.54 3 250 0
Thallium 0.08 0.204 0.22 0 2 N/A
Arsenic 9.88 35 4.65 11 20 3
Selenium 0.88 5.4 0.20 13 63 0
Aluminum 4650.53 11000 7120.00 2 " N/A
Iron 9197.89 29000 13480.00 3 b N/A
Magnesium 931.47 2840 1008.00 5 * N/A
Manganese 159.03 966 178.60 3 * N/A
Molybdenum 1.04 3.37 1.00 6 * N/A
Nickel 7.25 27.1 7.44 4 250 0
Potassium 411.68 1230 385.67 7 ~ N/A
Silver 0.50 2.91 0.52 &4 110 ]
Sodium 111.87 258 150.27 4 * N/A
Titanium 112.45 583 132.13 3 * N/A
Barium 70.85 369 38.60 4 700 0
Beryllium 0.28 0.895 0.50 1 * N/A
Cadmium 1.98 24.8 0.52 3 1 4
Chromium 12.80 65.1 14.85 4 * N/A
Cobalt §.27 15.5 4.45 5 * N/A
Copper 68.38 994 8.68 8 600 1




TABLE 4.8 (continued)
SURFACE SOIL DATA COMPARISION (ppm)

AVERAGE MAXIMUM AVERAGE 2 X NUMBER OF NJDEPE NUMBER OF
CONCENTRATION | CONCENTRATION BACKGROUND SAMPLES CLEANUP SAMPLES
DETECTED CONCENTRATION EXCEEDING CRITERIA® EXCEEDING
BACKGROUND NJDEPE
CRITERIA®
Vanadium 13.20 52.5 19.95 2 370 0
-
Zinc 101.97 721 33.53 6 1500 0
Calcium 1678.68 12000 714.67 9 - N/A
Benzo[b] fluoranthene 0.24 0.91 0.35 5 0.9 1
Fluoranthene 0.17 0.43 0.36 3 2300 0
Benzo[k)fluoranthene 0.02 0.1 0.03 1 0.9 0
Acenaphthene 0.02 0.079 0.03 2 3400 0
l Chrysene 0.15 0.49 0.22 3 9 0
Anthracene 0.03 0.069 0.03 L} 10000 0
Pyrene 0.13 0.36 0.28 3 1700 0
Dibenzofuran 0.02 0.049 0.03 2 * N/A
Benzo(a)pyrene 0.13 0.39 0.20 S 0.66 0
Dibenz[ah)anthracene 0.02 0.095 0.03 1 0.66 [}
Benzo{a]anthracene 0.09 0.34 0.14 5 0.9 0
Benzoic acid 0.61 3.6 0.73 2 * N/A
Di-n-butyl phthalate 0.62 2 0.92 2 5700 0
Phenanthrene 0.08 0.24 0.21 1 * N/A
Naphthalene 0.04 0.13 0.03 5 230 0
2-Methylnaphthalene 0.04 0.16 0.03 6 * N/A
Il Indeno(1,2,3-C,D]pyrene 0.07 0.22 0.11 5 0.9 0
“ Toluene 0.00 0.014 0.002 4 1000 0
I] Acetone 0.03 0.089 0.05 1 1000 0




Methylene chloride

AVERAGE
CONCENTRATION

TABLE 4.8 (continued)
SURFACE SOIL DATA COMPARISION (ppm)

MAXIMUM
CONCENTRATION
DETECTED

AVERAGE 2 X
BACKGROUND
CONCENTRATION

NUMBER OF
SAMPLES
EXCEEDING
BACKGROUND

CRITERIA®

NUMBER OF
SAMPLES
EXCEEDING
NJDEPE
CRITERIA®

|| Trichlorofluoromethane

0.003

0.002

b.
LA

N/IA =

NJDEPE Proposed Cleanup Standards for Contaminated Sites - Residential Direct Contact Standards
Comparison to Cleanup Criteria Conducted for Data Points in Excess of 2 Times Background

No standard avalilable
parts per million or ug/g
not applicable



5.0 GROUNDWATER

5.1 Groundwater Monitoring

Both monitoring wells and piezometers were installed at PSF to determine the
presence or absence of groundwater contaminants and to define the local hydrogeologic
conditions. Of the 27 borings installed on-site, 19 were converted into 4-inch
diameter monitoring wells, and 3 into 2-inch diameter piezometers. Construction
details of the wells are summarized in Table 5.1 and their locations are depicted on
Figure 4.1. Generally, each well was completed using a 10-foot length of 4-inch
diameter, 0.010 machine-slotted, schedule 40 PVC screen, set to extend above the
water table, and varying lengths of 4-inch schedule 40 PVC casing, flush-jointed and
threaded, extending approximately 2 feet above grade. Piezometers were set much the
same, with 2-inch diameter PVC. The portion of each well/piezometer above grade was
surrounded by a locking steel casing, encased in a concrete block, and surrounded by
4 pickets, per USAEC instructions (Appendix A, Photograph 7). Monitoring
wells/piezometers installed during the ESI were screened at water table depths
primarily based on the assumption that impacts to groundwater would likely be
petroleum hydrocarbon-related. Therefore, water quality in the middle and lower
segments of the Cape May aquifer was not evaluated. All well installation activities

followed the procedures outlined in the ESI Project Plan and QAPP.

All the wells and piezometers on-site were developed to restore the natural
hydraulic conductivity of the formation. Utilizing a centrifugal pump in the
development process, JCA conducted development activities for the wells/piezometers

in conjunction with installation. JCA personnel completed the task on June 16, 1993.

Versar monitored each development process and tested the groundwater with a pH
meter, a conductivity meter, and a nephelometric turbidity unit (NTU) meter.
Development was considered complete when pH and conductivity readings were relatively
consistent and the turbidity of the groundwater was close to 100 NTUs. Only three
of the well/piezometers were left above 100 NTUs, with their final NTU readings
ranging from 112 (MW13-001) to 133 (MW20-001). Thirteen of the wells/piezometers
developed to a clarity under 50 NTUs (Table 5.2). Appendix H contains the field

development testing notes and documentation.

Wells/piezometers were developed to a point at which a minimum of three annulus
and casing volumes were removed from each. Groundwater removed per well for
development ranged from 75 gallons (MW11-002) to 440 gallons (MW20-001). Development
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water for each well was stored temporarily on-site in 55-gallon DOT-approved drums,

pending final disposal.

At a minimum of 14 days after development, the wells were purged and sampled
(Table 5.3). Wells included in the sampling process included the 19 recently
installed monitoring wells and three pre-existing off-site piezometers: DGW-03,
along the western site boundary on the Penns Grove Project property; and EHW-12 and
EHW-13, located along the northern PSF site boundary on the Pedricktown South
property, just north of the north drainage swale. A dedicated disposable bailer was

used for each well, for both purging and sampling.

Groundwater samples were collected from June 29 to July 7, 1993, and were
submitted for quantitative analysis of VOCs, SVOCs, inorganics, explosive parameters
(at selected 1locations only), and TPHCs, following strict chain-of-custody
procedures. Collection, documentation, preservation and shipping of samples followed
the protocol outlined in the ESI Project Plan and QAPP. Chemical analysis was
completed by USAEC-certified ESE laboratories in Gainesville, Florida, and Denver,

Colorado.

Elevations of the wells, piezometers, pre-existing wells, and surface water
sampling points and staff gauges were surveyed based on the New Jersey State Planar
Coordinates-NAD 27 grid system. James M. Stewart, Inc. of Philadelphia,
Pennsylvania, completed the surveying on June 18, 1993. Wells/piezometers were
surveyed with reference to mean sea level, at ground surface, at the north side of
the top of PVC inner casing, and at the top of the protective outer steel casing to

0.01 feet.

Synoptic water level measurements were taken from the north side of the top of
each PVC casing and at each surface water staff gauge to +0.01 feet, using water
level indicators. Measurements were taken on two separate occasions, at both high
and low tide, on June 28 and on September 2, 1993. Elevation data are summarized in

Tables 2.2 and 2.3 and are graphically depicted in Figures 2.9 and 2.10.

5.2 Groundwater Quality

Groundwater sampling was conducted at the PSF site to evaluate background
groundwater quality, evaluate potential impacts to groundwater that have resulted
from site-related activities, and assess potential groundwater transport pathways.

Groundwater samples were collected from 19 on-site groundwater monitoring wells and
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3 existing off-site groundwater monitoring wells to determine if site-related

activities have affected groundwater quality.

Hydrogeological data collected during the investigation indicates that there is,
at best, only an indirect hydraulic pathway between the off-site monitoring wells and
site groundwater. Monitoring well DGW-03 is located on the opposite side of the
slurry wall between the PSF site and the lake and therefore has no hydraulic
connection to site groundwater. Monitoring wells EHW-12 and EHW-13 are located
cross- or downgradient from the site on the north side of the drainage swale. Based
on depths to groundwater and the screened depths of these wells, the drainage swale
is believed to be intercepting the upper portion of the site groundwater flow before
it reaches those well locations. Therefore, it is inappropriate to compare data from

the on-site wells with off-site groundwater data.
5.2.1 Background Quality of Groundwater

In order to account for natural variability and regional influences on
groundwater quality, background conditions were established through the sampling and
analysis of three groundwater monitoring wells located hydraulically upgradient of
potential on-site areas of concern. The locations of the background monitoring wells
correspond to the locations of the background soil borings discussed in Section
4.1.1. Background groundwater samples were analyzed for SVOCs, VOCs, inorganic

compounds, TPHCs, and explosive compounds.

No VOCs, SVOCs, or explosive compounds were detected in background groundwater
samples. TPHCs were detected in one of the background samples, and a total of 20
inorganic compounds were detected. Lead, arsenic, aluminum, iron, magnesium,
manganese, potassium, sodium, titanium, antimony, barium, chromium, cobalt; copper,
vanadium, zinc, and calcium were detected in all three of the background samples.
Beryllium and selenium were detected in one background sample, and nickel was

detected in two samples.

To establish a baseline of comparison between site-related activities and
background conditions, the average concentration of the background samples was
calculated for each compound that was detected in at least one site-related
groundwater sample. One half the detection limit was used for all sampling results
less than the detection limit. A summary of background sampling results and

calculated average background concentrations for groundwater is presented in Table

5.4.
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5.2.2 Inorganic Compounds in Groundwater

Twenty-one inorganic compounds were detected in at least one sample collected
from the 16 on-site monitoring wells and 3 off-site monitoring wells. Iron,
magnesium, manganese, sodium, barium, and calcium were detected in 100 percent of the
groundwater samples. Inorganic compounds detected at a lesser frequency include:
lead (9 out of 19), arsenic (9 out of 19), selenium (6 out of 19), aluminum (16 out
of 19), nickel (6 out of 19), potassium (17 out of 19), titanium (13 out of 19),
antimony (5 out of 19), beryllium (1 out of 19), cadmium (1 out of 19), chromium (5
out of 19), cobalt (9 out of 19), copper (8 out of 19), vanadium (12 out of 19), and
zinc (14 out of 19). Groundwater analytical results are summarized in Table 5.5 and

statistical data are summarized in Table 5.6.
5.2.3 Organic Compounds in Groundwater

A limited number of organic compounds were detected in groundwater samples. PCE
was detected in 2 wells, bis(2-ethylhexyl)phthalate was detected in 5 of the wells,
and 1,2-dichlorobenzene was found in one well. Additionally, TPHCs were detected in
4 of the 19 wells sampled. Summaries of the analytical results and statistical data

are provided in Tables 5.5 and 5.6, respectively.
5.2.4 Explosive Compounds in Groundwater

Analytical data for groundwater did not reveal the presence of any explosive

compounds above laboratory detection limits.
5.2.5 Groundwater Data Comparison

To determine whether chemical concentrations in groundwater are attributable to
site-related activities, each compound detected in at least one sample was compared
to 2 times the average background concentration. The HRS recommends the comparison
of data to 3 times background in order to determine if a release has occurred. For
the purposes of this evaluation, sample results were compared to 2 times background
as a more conservative estimate. Compounds that were determined to be in excess of
2 times background were further evaluated with respect to regulatory requirements.
The NJDEPE recently promulgated Ground Water Quality Standards (N.J.A.C. 7:9-6). The
regulations establish cleanup levels for groundwater that has the potential to affect
a receptor. Table 5.7 summarizes the number of sampling locations exceeding two

times background and the NJDEPE cleanup standards.
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Of the compounds detected in at least one groundwater sample, potassium, barium,
beryllium, and zinc were the only compounds that did not exceed the concentration of
two times background. The only compounds detected in excess of two times background
that also exceeded the NJDEPE cleanup standards were lead, arsenic, antimony,
cadmium, chromium, and PCE. However, background concentrations also exceeded the
NJDEPE criteria for each of these compounds except for chromium. Lead exceeded two
times background and cleanup standards in MW16-002 and MW16-003, and arsenic exceeded
both background and the standards in MW7-001 and EHW-12. The cadmium exceedance
occurred in MW11-001. Chromium concentrations exceeded two times background and the
standards in sample location MW16-002. Concentrations of antimony in excess of two
times background and NJDEPE criteria were found in EHW-12, EHW-13, MW7-001, and MW16-
002. Elevated levels of PCE were detected in MW11-001 and MW16-001. Hydraulic site
data indicates that there is not a direct groundwater contaminant migration pathway
from the site towards EHW-12 and EHW-13. Groundwater flow is interrupted by the
north swale. Therefore, potential areas of concern at PSF, with respect to
groundwater, include MW11-001, MW16-002, MW16-003, and MW7-001. These sampling
locations were designed to evaluate the former scrap metal storage area (MW11l-001),
Building 422 USTs (MW16-002 and MW16-003), and the USTs adjacent to Building 177 and
179 (MW7-001). Elevated concentrations of metals in the vicinity of the former scrap
metal storage area correlate with surface soil findings (e.g., elevated
concentrations of cadmium were found in the surface soil and groundwater). However,
most of the metals detected in surface soil in the scrap metal area were not found
above regulatory levels in groundwater. The detection of arsenic in MW7-001 does not
correlate well with other data findings. Although elevated levels of arsenic were
sporadically detected in subsurface and surface soils throughout the site, it was not
found in high concentrations in the vicinity of MW7-001. The concentration of PCE
in the groundwater sampled from MW16-001 is believed to be attributable to the waste

storage tank adjacent to Building 413,

5.3 Groundwater Modeling

Due to the potentially complicated groundwater flowpaths and numerous areas of
concern at PSF, the ESI Project Plan made groundwater modeling requisite to
completion of the investigation. The following factors were initially believed to

exert possible influences on groundwater flow and contaminant transport:

) Surface water bodies contiguous with PSF, including the Penns Grove
Project lake, the two drainage swales, and the nearby Delaware River;
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. The presence of a buried 11,000 foot long slurry wall located west-
northwest of PSF and the presence of the Pedricktown Dredged Materials
Storage Areas located north and east of the PSF facility;

. A Pleistocene/Cretaceous unconformity underlying PSF which could place
blanket sand aquifers of the Cape May formation in contact with the
underlying lenticular Potomac-Raritan-Magothy sand aquifers; and

. A potentially diverse array of site contaminants including volatile and
semi-volatile organic compounds, metals, petroleum hydrocarbons and
explosive compounds, each having slightly different mobilities in
subsurface transport, particularly in those areas where dissolved phase
and separate phase components might co-exist in a groundwater contaminant
plume.

As additional information on the parameters described above was obtained from

PSF site monitoring wells and from the Philadelphia District ACOE files, the criteria
for model selection became more apparent. The uppermost aquifer at PSF was
determined to be the Pleistocene Cape May formation, an alluvial blanket sand aquifer
that is unconfined. Correlation of PSF geologic data with boring logs from the Penns
Grove Project and the Pedricktown Dredged Materials Storage Areas indicated that the
uppermost aquifer was separated from the underlying Potomac-Raritan-Magothy aquifers
by at least ten feet of clay at the Pleistocene/Cretaceous unconformity. The ACOE
considered the degree of continuity of this clay broad enough locally to justify
tying in an 11,000 foot long slurry wall to this surface to isolate the Penns Grove
Project lake from contiguous aquifer segments. This project was undertaken to ensure

that the emplacement of dredge spoils into the lake would have no water quality

impacts on the neighboring areas.

In addition to groundwater flow in the Cape May aquifer being vertically
constrained by clays associated with the underlying unconformity, the flow regime was
also anticipated to be shallow for other reasons. Groundwater occurs at a depth of
only 2-6 feet bgs, and the hydraulic gradient, which slopes to the north/northwest,
appears to be controlled predominantly by the Delaware River. The river’s channel,
located approximately 0.75 miles north of PSF, truncates the entire 30+ feet
thickness of Cape May aquifer. Therefore, most, if not all, groundwater flowpaths
originating at PSF are ultimately terminated by exfiltration into the river. The
nature of the basal Cape May formation contact and the surface/groundwater
interrelationships observed at PSF both suggest that flow in this area is primarily

horizontal.
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Given this regional hydrogeologic setting, PSF and the contiguous area seemed
well suited for the application of a two dimensional groundwater model. However, a
decision also needed to be made regarding whether the model selected should be a
groundwater flow and solute transport model or exclusively a flow model. After a
review of ESI objectives and discussion with USAEC technical staff, it was decided
that a two dimensional groundwater flowpath model with particle tracking capabilities
would be adequate for ESI purposes. A subsequent review of preliminary analytical
data from the sampling of PSF monitoring wells indicated that the primary AOCs at
Pedricktown had not resulted in any significant impacts to groundwater. These

results further supported the decision to eliminate solute transport modeling as part

of the ESI.
5.3.1 Groundwater Model Description

FLOWPATH,™ the groundwater modeling software program selected for characterizing
groundwater flow at PSF, is a combined finite-difference and particle tracking model
for the complete analysis of two-dimensional groundwater flow and time related
capture zones, the latter for use in delineating well head protection areas. The
program can handle an unconfined water table or a confined aquifer with vertical
leakage from over- and wunderlying aquitards, heterogeneous aquifer material
properties, and spatially variable areal recharge and evapotranspiration. It
accommodates surface water bodies, specified flux, and constant head conditions.
Model output is in the form of hydraulic head distribution, velocity distribution,
and particle pathline maps that may serve as a conservative predictor of solute

transport patterns associated with known releases or contaminant sources.

5.3.2 FLOWPATH Input Parameters )

Grid and Wells: For initial simulations, a 20 by 20 grid was selected.
Although site features could not be characterized precisely on this 400 node grid,
preliminary model assumptions could be tested quickly with a limited run time. In
later trials, the grid density was increased to 56 by 50 to achieve more accuracy in
the definition of aquifer boundaries and surface water bodies. Node spacing across

the PSF site measures approximately 145 feet.

The FLOWPATH model accepts only injection and extraction wells in the program.
Piezometers are represented as constant head locations but are not identified in the
interior of the model domain. When the modeling program indicates a successful water

balance has been achieved using the appropriate input parameters, the model is
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considered complete and it can then be calibrated by comparing actual water table
elevations (in the case of Pedricktown, from 24 groundwater level measurements and
3 surface water level measurements) to the hydraulic head distribution calculated by
the model. This comparison is made by posting synoptic water level measurements from

the site directly to the hydraulic head distribution map generated by the model.

Domain Boundaries and Surface Water Bodies: Model domain boundaries were

selected as follows: A no-flow (impervious) boundary was set up to represent the
slurry cut-off wall along the western side of PSF. Specified flux values of 0 and
0.67 gallons per day per square foot were used along the northeast and southwest
domain boundaries, respectively. A specified flux value of zero was assumed for the
northeast boundary because flow from preliminary hydrogeologic interpretations was
considered to be parallel to this boundary. The value of 0.67 for the southwest
boundary was calculated based on a hydraulic conductivity of 30 feet per day and an
average hydraulic gradient of 0.003 feet per foot. A constant head boundary of 19
feet was input for the southeast model boundary based on the upgradient projection
of PSF hydraulic head values, of which the maximum was 18.03 at MW21-001l, in the

southeastern portion of the facility.

The northwestern domain boundary is the Delaware River. Since all groundwater
flowing north from PSF is believed to discharge into the river, this boundary was
treated as a constant head boundary. Constant head values of -1.88 and 3.75 were
assigned for low and high tide, respectively, based on surface water level
measurements obtained June 28, 1993, from gauges installed on former dock pilings.
The north swale was represented by surface water nodes with an average water depth
of one foot and a leakage factor of 0.10 based on the presence of silts and clays

observed in the channel bed material. All model input data is documented in the

FLOWPATH logbook files presented in Appendix C.

Aquifer Properties: Aquifer thickness and hydraulic conductivities were input
based on geotechnical data acquired from split-spoon sampling and slug testing
conducted at PSF. Aquifer thickness is input by specifying the elevation of the base
of the aquifer. The top of the aquifer is automatically calculated by the.program
as it reads the hydraulic head distribution data. An average aquifer thickness of
30 feet was entered for the Cape May formation in the vicinity of the PSF site.
Hydraulic conductivities of 10 and 20 feet per day were input for the south and north
portions of the PSF site, respectively. Default hydraulic conductivity values (K)

for areas contiguous to PSF were placed at 30 feet per day.
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Iterations for high and low tide hydraulic head distribution were also run using
a higher hydraulic conductivity value for the entire model domain of 150 feet per
day. The latter simulation was run for two reasons. First, hydraulic conductivities
from PSF slug test data were considered possibly to be conservative due to the
reasons discussed in this ESI report, Section 2.5.2.3. Second, a reasonable
hydraulic head distribution could not be achieved at certain assumed aquifer recharge
rates, without increasing K values above the slug test derived measurements. Either
the measured slug test data is too conservative, or the areal recharge at PSF is much

lower than predicted values.

Recharge: Model input for aquifer recharge via precipitation varied in the
model domain relative to the location of the Pedricktown Dredged Materials Storage
Area. In the first simulation (PSFMOD1L and PSFMOD1H, where default K = 30 feet per
day), grid segments outside of the dredged materials storage area were assigned a
recharge rate of approximately 0.7 feet per year, while the areas covered with
dredged material were assigned no recharge. The latter assumption was based on
personal communication with Mr. Tony DePasquale of the Philadelphia District ACOE,
who indicated that the dredged materials consisted of silty sands and silts of low
hydraulic conductivity, and it also took into account the overall thickness of these
materials. In the second simulation (PSFMOD2L and PSFMOD2H, where default K = 150
feet per day), recharge for non-dredged material storage areas was input at 1.3 feet

per year and at 0.5 feet per year in the dredged material storage areas.

Pathlines: Since no significant groundwater contaminant sources were identified
at PSF during the ESI, particle tracking was performed by initiating pathlines at
several abandoned UST locations. Although no releases are known to have occurred at
any of these specific locations, the pathlines graphically demonstrate how the model
can be employed to site additional monitoring wells and sampling stations for any UST

Discharge Investigation Corrective Action Reports (DICARs) which may be required.
5.3.3 Groundwater Modeling Results

Four groundwater model simulations were performed, as follows: s

Simulation 1
PSFMOD1L: Low tide, default K = 30 ft/day, 1 recharge rate (0.7 ft/year)
PSFMOD1H: High tide, default K = 30 ft/day, 1 recharge rate (0.7 ft/year)
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Simulation 2
PSFMOD2L: Low tide, default K = 150 ft/day, 2 recharge rates (0.5 & 1.3 ft/year)
PSFMOD2H: High tide, default K = 150 ft/day, 2 recharge rates (0.5 & 1.3 ft/year)

PSFMODIL and PSFMOD1H: The velocity distribution map (Figure 5.1) for PSFMOD1L

gives a good perspective on how the 11,000 foot slurry wall located west of PSF
affects groundwater flowpaths. The construction of this cut-off wall appears to have
had a significant effect on both water table elevations and the direction of
groundwater flow at PSF. Comparing present and historic (1958 and 1959 geotechnical
boring data) water table elevations at PSF, we find water levels have risen
approximately 10 feet. The convergence of velocity vectors at the drainage swale on
the north side of PSF is an indication of the exfiltration of particles traveling in
the upper portion of the aquifer to the swale. Volumetrically, however, exfiltration
here is rather small (see Water Balance in Logbook for PSFMOD1L in Appendix C). Most
particles in the aquifer track beneath the swale and continue until they enter the
Delaware River. The pathline projections shown in Figure 5.2 were intentionally
terminated near the drainage swale at the north PSF property line for two reasons:
1) petroleum hydrocarbon releases, particularly light, non-aqueous phase liquids
(LNAPLs), are likely to travel at the soil/water interface and are therefore likely
to enter the drainage swale where it intersects the water table; and 2) pathlines for
dense, non-aqueous phase liquids (DNAPLs) would most likely behave differently from
LNAPLs, bypassing the drainage swale and continuing in a north-northwesterly

direction within the aquifer, beneath the Pedricktown South dredged materials.

The projection of pathlines between PSF and the Delaware River was unsuccessful.
Inspection of pathline output in high and low tide simulations shows wvariable
pathlines in this area. Since FLOWPATH predicts only steady state flow, transient
flow (which is affected by the tidal cycles in the area nearest the Delaware River)
would have to be simulated using a different modeling code. At present, there is
little reason to perform such additional modeling since no significant contaminant
plumes have been identified at the PSF site. Particle tracks in the area between PSF
and the Delaware River are believed to be generally consistent with the flowpaths
indicated in Figure 5.1. Tidal effects may cause actual flowpaths to be slightly

different and velocities to be somewhat slower.

Both simulations produced good approximations of hydraulic head distributions,
as is evident from inspection of the output shown in Appendix C. The hydraulic head

distribution map (Figure 5.3) shows good correlation with observed hydraulic head
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values. Agreement of hydraulic head data is better in the low tide simulation, but
the differences observed in the high tide simulation are not deemed realistic. A
comparison of low and high tide piezometric data (Table 2.2) indicates that at PSF,
water level measurements were not affected by tidal cycles. It will be demonstrated
later that at higher default K values for the aquifer, the impact of tidal cycles on

hydraulic head distribution at PSF is reduced substantially.

This observation may also support the theory that slug test data from PSF
slightly understated hydraulic conductivity values. With a K value of 30 feet per
day, recharge had to be limited to 0.7 feet per year to obtain agreement between
model derived and field hydraulic head distributions. In Simulation 2, accurate
hydraulic head distributions were also achieved using a higher default K value, which
allowed higher recharge rates to be input. These higher recharge rates are probably
more realistic for the PSF area and suggest that the slug test derived K values
calculated for PSF may be conservative. This observation is consistent with the
data limitations (accuracy) associated with slug test methods. The margin of error

is + one order of magnitude.

PSFMOD2L and PSFMOD2H: Simulation 2 was run to determine whether the same
hydraulic head distribution generated in Simulation 1 could be obtained at higher
aquifer hydraulic conductivities and recharge rates. Simulation 2 model output
essentially mirrored that of Simulation 1, with one exception. Hydraulic head
distribution through high and low tidal cycles at PSF was not as variable in
Simulation 2 as it was in Simulation 1. Therefore, Simulation 2 is more consistent
with the actual water level measurements recorded at PSF, which remained constant
through high and low tides. Simulation 2 also assumes an aquifer recharge volume
which is more probable in an area receiving 37 inches of rainfall per year. Of the
two simulations, the second is considered the most likely model solution at PSF.
Hydraulic conductivities of 150 feet per day requisite to producing correct head
distributions in Simulation 2 are probably closer to actual Cape May hydraulic

conductivities than the slug test values obtained in the field.

5.3.4 Model Calibration

Although Simulation 2 appeared to be the more 1likely solution for PSF,
Simulation 1 was selected as the final model solution because input in this
simulation was consistent with all documented field measurements. PSFMOD1L was
calibrated by overlaying actual piezometric data on the model-generated hydraulic

head distributions (Figure 5.3). Agreement between actual and calculated water table
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measurements is considered good. Model derived hydraulic heads fall within 15% to
20% of actual field acquired piezometric data. Model water balance showed a -2.3%
total mass balance error, which is probably the result of insufficient recharge
input, resulting in excess domain outflow. The overall simulation results are
believed to be within acceptable accuracy limits and should have good predictive
value for any future groundwater management and monitoring objectives at PSF. As
discussed earlier, off-site particle tracking is believed to occur in a direction
towards the Delaware River, but it cannot be accurately projected due to groundwater
flow variations between high and low tide in the area proximal to this surface water
body. In the event that pathline analysis for off-site contaminant transport becomes
necessary in the future, selection of a transient flow model will be necessary to
define specific particle trajectories immediately prior to exfiltration into the

river.
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TAc€5.1

MONITORING WELL CONSTRUCTION DETAILS
Pedricktown Support Facility

Salem County, New Jersey

Waell/ Date Elevation* Elevation of Total Well Depth to Top Depth to Depth to Diameter Diameter Screen
Piszometer Installed at Grade PVC Casing Depth (ft) of Bentonite Top of Top of of of PVC Length (ft)
Number (ft) Sand Pack Screen Borehole Casing
(ft) (ft) (in) (in)

MW2-001 8-8-93 10.82 12.75 12.0 0.0 1.5 2.0 12 4 10
MW?7-001 8-7-93 17.18 19.32 1.5 0.0 1.0 1.5 8 4 10
MW8-001 8-7-93 17.36 19.71 128 0.0 1.5 25 8 4 10
MW10-001 6-8-93 13.09 15.05 12,0 0.0 1.5 2.0 12 4 10
Mw11-001 | 6-7-93 9.89 11.98 12.0 05 1.5 2.0 12 4 10 JI
MW11-002 8-8-93 11.33 13.42 12.5 0.0 2.0 2.5 8 4 10
MW12-001 6-8-93 9.02 10.98 115 0.0 1.0 1.5 12 4 10
MW12-002 6-9-93 10.34 12.37 115 0.0 1.0 1.5 12 4 10
MW13-001 6-3-93 9.75 11.61 13.0 1.0 2.0 3.0 8 4 10
MW 14-001 6-8-93 9.19 11.28 1.5 0.0 1.0 1.5 8 4 10
MW14-002 6-8-93 10.25 12.18 1.5 0.0 1.0 1.5 8 4 10
MW15-001 6-8-93 13.31 15.29 12.5 0.0 1.5 2.5 8 4 10
MW16-001 8-9-93 16.64 18.59 12.0 0.0 1.5 2.0 12 4 10
MW16-002 6-4-93 14.11 16.11 12.0 0.0 1.5 2.0 8 4 10
MW16-003 6-9-93 15.04 17.00 125 0.0 2.0 25 8 4 10
MW20-001 6-3-93 21.03 23.16 13.6 1.0 2.2 3.6 8 4 10
MW21-001 6-2-93 23.62 25.65 15.0 20 4.0 5.0 8 4 10
MW22-001 6-9-93 18.95 21.08 125 0.0 20 2.5 8 4 10
MW24-001 6-9-93 15.24 17.15 120 0.0 1.5 2.0 12 4 10
P4-001 6-3-93 16.91 19.07 13.0 1.0 2.0 3.0 8 2 10
P9-001 6-2-93 15.39 17.20 13.0 1.5 25 3.0 8 2 10
P15-001 6-4-93 13.90 15.93 13.0 1.0 2.0 3.0 8 2 10

NOTE: All depths are measured from ground surface.
*Elevation data is the height in feet above mean sea level.



Table 5.2
MONITORING WELL DEVELOPMENT SUMMARY
Pedricktown Support Facility
Salem County, New Jersey

Monitoring Conductivity Total Total Purging
Well No. (u4Ohm/cm) Groundwater Time
Removed
(gals.)

MW2-001 5.5 210 51 165 1 Hr. 20 mins.
“ MW7-001 5.5 2200 130 110 2 Hrs.
“fMWS—OOl 5.0 200 <50 130 1 Hr.
HMWIO-OOI 5.7 400 80 165 1 Hr. 15 mins.

MW11-001 8.35 160 22 165 1 Hr.

MW11-002 6.5 280 37 75 40 mins.

MW12-001 5.8 260 68 110 1 Hr.

MW12-002 6.5 180 20 165 1 Hr. 45 mins,

MW13-001 8.0 350 112 165 25 mins.

MW14-001 5.5 150 19.5 165 30 mins.

MW14-002 5.6 120 4 110 40 mins.

MW15-001 6.0 180 25 110 25 mins.

MW16-001 6.5 400 95 110 5 Hrs. 30 mins.

MW16-002 5.6 190 31 165 1 Hr. 30 mins.

MW16-003 6.0 --- 5 110 40 mins,

MW20-001 8.0 250 133 440 4 Hrs. 10 mins.

MW21-001 8.6 700 48 165 50 mins.

MW22-001 6.4 300 36.5 110 4 Hrs,

MW24-001 5.5 160 26 130 45 mins.

P4-001 8.2 940 91 110 1 Hr. 10 mins.

P9-001 6.5 275 60 85 1 Br. 15 mins.

P15-001 7.6 182 44 110 30 mins.

Legend:
pOhm/cm

gals.
Hr.(s)
mins.

micro Ohms per centimeter
nephelometric turbidity unit

gallons
Hour(s)
minutes




Table 5.3
MONITORING WELL SAMPLING SUMMARY
Pedricktown Support Facility
Salem County, New Jersey

Monitoring Conductivity#* Date Sampled Total Gallons
Well No. (s0hm/cm) of Groundwater
Purged
MW2-001 5.28 190 7/2/93 31
MW7-001 4.80 2600 7/1/93 28
MW8-001 .- --- 7/1/93 28
MW10-001 5.42 440 7/2/93 28
MW11-001 5.20 200 7/1/93 29
MW11-002 5.68 280 7/1/93 28.5
MW12-001 7.06 198 7/6/93 27
MW12-002 .- 190 7/2/93 26
MW13-001 --- --- 7/6/93 28
MW14-001 6.18 160 7/2/93 31
MW14-002 5.23 120 7/2/93 30
MW15-001 --- --- 7/2/93 27
MW16-001 .-- 320 7/2/93 22
MW16-002 --- --- 7/1/93 35
MW16-003 .- 260 7/2/93 22
MW20-001 --- --- 7/1/93 30
MW21-001 --- --- 7/1/93 31
MW22-001 --- --- 7/1/93 35
MW24-001 6.00 220 7/2/93 26
DGW3-001 7.56 222 7/6/93 60
EHW-12 6.21 3130 7/6/93 74
| Emw-13 5.96 2690 7/7/93 135

pOhm/cm = micro Ohms per centimeter

* During sampling activities, Versar's pH and conductivity probes encountered
mechanical difficulties and readings could not be taken for certain
monitoring wells. These wells are designated above by dashes in
corresponding pH and conductivity locations. Versar repaired the problems
in the field, and measured the parameters in the remaining monitoring wells.




TABLE 5.4
GROUNDWATER BACKGROUND ANALYTICAL RESULTS (ppb)

MW20-001 MW21-001 MW22-001 AVERAGE 2 X AVERAGE
01-JUL-93 01-JUL-93 01-JUL-93 BACKGROUND BACKGROUND
CONCENTRATION CONCENTRATION

Total petroleum hydrocarbons 211 LT 200 LT 200 137.00 274.00
Lead 25.6 13 5.94 14.85 29.69
Arsenic 10.2 8.93 2.67 7.27 14.53
Selenium LT 2.54 13.8 LT 2.54 5.45 10.89
Aluminum 31000 16000 12000 19666.67 39333.33
Iron 28000 28000 21000 25666.67 51333.33
Magnesium 9300 11000 11000 10433.33 20866.67
Manganese 248 395 1370 671.00 1342.00

Il Nickel 45.8 LT 23.3 31.3 29.58 59.17
Potassium 7100 7660 8390 7716.67 15433.33
Sodium 6040 20000 15000 13680.00 27360.00
Titanium 455 429 294 392.67 785.33
Ant imony 32.9 26.9 37.8 32.53 65.07

| Barium 214 102 89.6A 135.20 270.40 “
Beryllium 2.91 LT 2 LT 2 1.64 3.27 |
Cadmium LT 5 LT 5 LT 5 2.50 5.00
Chromium 74.2 25.1 32 43.77 87.53
Cobalt 13.6 13.9 37.1 21.53 43.07
Copper 49.7 17.1 19.8 28.87 57.73 “
Vanadium 87.9 47.5 36.3 57.23 114.47
Zinc 199 58 62.8 106.60 213.20
Calcium 13000 16000 17000 15333.35 30666.67
Tetrachloroethylene LT 2 LT 2 LT 2 1.00 2.00




TABLE 5.4 (continued)
GROUNDWATER BACKGROUND ANALYTICAL RESULTS (ppb)

MW20-001 MW21-001 MW22-001 AVERAGE
01-JUL-93 01-JUL-93 01-JUL-93 BACKGROUND
CONCENTRATION

H 1,2-Dichlorobenzene LT 1 LT 1 LT 1 0.50 1.00

ppb = parts per billion or ug/l
LT = Less than laboratory-certified detection limit
Note: Table includes only those parameters detected above laboratory-certified detection limits.




TABLE 5.5
GROUNDWATER ANALYTICAL RESULTS (ppb)

EHW-12 EHW-13 MW7-001
06-JUL-93 07-JUL-93 01-JUL-93

Total petroleum hydrocarbons 287 257 533 LT 200 257 LT 200
Lead LT 4.54 LT 4.54 LT 4.54 6.9 14.1 20
Arsenic LT 2 17.7 3.83 LT 2 18.2 5.72
Selenium LT 2.54 LT 2.54 LT 2.54 LT 2.54 13.6 3.4 |

|| Aluminum 1020 LT 200 LT 200 1950 36000 18000 lI
Iron 464 120000 60000 2590 340000 18000 II
Magnesium 9600 170000 110000 5330 120000 5150 ||
Manganese 119 55000 46000 112 38000 916
Nickel LT 23.3 LT 23.3 25.1 LT 23.3 62.9 LT 23.3 “
Potassium 2980 8150 LT 22000 2890 LT 16000 4740
Sodium 9140 84000 99000 6480 120000 18000
Titanium LT 10 LT 10 LT 10 41.3 842 381 ||
Ant imony LT 25.1 120 87.5 LT 25.1 310 LT 25.1
Barium 51 21.7 19.6 63.6 101 112
Beryllium LT 2 LT 2 LT 2 LT 2 LT 2 LT 2
Cadmium LT 5 LT 5 LT 5 LT 5 LT 5 LT 5
Chromium LT 22.4 LT 22.4 LT 22.4 LT 22.4 80.5 32.5
Cobalt LT 10.8 81.3 50.5 LT 10.8 107 17.4
Copper LT 10 LT 10 96.8 1.1 42.5 14.7

II Vanadium LT 7.62 12.3 9 12.2 255 44.5

II Zinc LT 20 43 184 24.3 168 73.3
Calcium 11000 320000 220000 12000 150000 16000
Tetrachloroethylene LT 2 LT 2 LT 2 LT 2 LT 2 LT 2

Il Bis(2-ethylhexyl) phthalate LT 1 LT 1 LT 1 LT 1 1.1 LT 1

“ 1,2-Dichlorobenzene LT 1 LT 1 LT 1 LT 1 LT 1 1.3




TABLE 5.5 (continued)
GROUNDWATER ANALYTICAL RESULTS (ppb)

MW10-001 MW11-001 MW11-002 MW12-001 MW12-002 MW13-001
02-JUL-93 01-JUL-93 01-JUL-93 06-JUL-93 02-JUL-93

Total petroleum hydrocarbons

Lead 6.02 LT 4.54 12.3 LT 4.54 12.9 LT 4.54
Arsenic 3.88 LT 2 2.7 LT 2 4.23 LT 2 ||
Selenium LT 2.54 LT 2.54 4.58 LT 2.54 4.29 LT 2.54
Aluminum 3330 525 8800 509 5820 228
Iron 9100 880 12000 1070 7670 376
Magnesium 3890 3060 3140 3850 4310 4900
Manganese 180 286 1650 194 97.5 1490
Nickel 26.5 LT 23.3 LT 23.3 LT 23.3 LT 23.3 LT 23.3 ]l
Potassium 4550 4480 3640 4500 5530 5270
Sodium 42000 5880 24000 3420 4900 5670
Titanium 84.7 11.1 209 16 141 LT 10
Ant imony LT 25.1 LT 25.1 LT 25.1 LT 25.1 LT 25.1 LT 25.1
Barium 46 69.1 46 29.2 47.3 35.¢€
Beryllium LT 2 LT 2 LT 2 LT 2 LT 2 LT 2
Cadmium LT 5 9.62 LT 5 LT 5 LT L] LT 5
Chromium LT 22.4 LT 22.4 24 LT 22.4 LT 22.4 LT 22.4
Cobalt LT 10.8 LT 10.8 22.7 LT 10.8 LT 10.8 LT 10.v8—|
Copper LT 10 LT 10 20.7 LT 10 11.1 LT 10
Vanadium 17.8 9.55 25.4 LT 7.62 18.2 LT 7.62
Zinc 31.2 103 53.8 24.3 49.1 43.3
Calcium 29000 18000 16000 20000 20000 21000
Tetrachloroethylene LT 2 7.4 LT 2 LT 2 LT 2 LT 2
Bis(2-ethylhexyl) phthalate 0.92 LT 1 LT 1 LT 1 LT 1 LT 1
1,2-Dichlorobenzene LT 1 LT 1 LT 1 LT 1 LT 1 LT 1 II




DT ——

TABLE 5.5 (contlnued)
GROUNDWATER ANALYTICAL RESULTS (ppb)

MW14-001 MW14-002 MW15-001 MW16-001 MW16-002 MW16-003 MW24-001
02-JUL-93 02-JUL-93 02-JUL-93 02-JUL-93 01-JUL-93 02-JUL-93 02-JUL-93
Total petroleum hydrocarbons LT 200 LT 200 LT 200 LT 200 LT 200 LT 200 LT 200
II Lead LT 4.54 LT 4.54 LT 4.54 LT 4.54 46.3 31.3 4.99
|| Arsenic LT 2 LT 2 LT 2 LT 2 10.1 10.8 LT 2
II Selenium LT 2.54 LT 2.54 LT 2.54 3.08 LT 2.54 5.23 LT 2.54
Aluminum 412 1090 LT 20‘0 3200 65000 19000 1030
Iron 996 1380 132 4210 140000 32000 1560 I|
Magnesium 3600 2050 2720 7080 11000 7360 5640
Manganese 391 168 71.1 637 1730 2520 1110
Nickel LT 23.3 LT 23.3 LT 23.3 43 64.5 29.2 LT 23.3
Potassium 3550 3350 3310 5090 8940 6090 2580
Sodium 3330 2680 2440 16000 9920 6360 6670
Titanium LT 10 12.5 LT 10 79.7 1150 508 11.1
Ant imony LT 25.1 LT 25.1 LT 25.1 LT 25.1 106 42.7 LT 25.1
ll Barium 36.2 30.7 21.3 46 261 113 38.4
Beryllium LT 2 LT 2 LT 2 LT 2 3.19 LT 2 LT 2
Cadmium LT 5 LT 5 LT 5 LT 5 LT 5 LT 5 LT 5
Chromium LT 22.4 LT 22.4 LT 22.4 LT 22.4 150 36.3 LT 22.4
Cobalt LT 10.8 LT 10.8 LT 10.8 12.2 59.6 29.7 16.1 II
Copper LT 10 LT 10 LT 10 LT 10 89.2 26.3 LT 10
Vanadium LT 7.62 LT 7.62 LT 7.62 13.4 193 80.9 LT 7.62
|| Zinc LT 20 LT 20 LT 20 39.3 211 123 LT 20
ll Calcium 14000 9100 24000 23000 26000 28000 13000
ll Tetrachloroethylene LT 2 LT 2 LT 2 26 LT 2 LT 2 LT 2




Bis(2-ethylhexyl) phthalate

MW14-001
02-JUL-93

MW14-002
02-JUL-93

TABLE 5.5 (continued)
GROUNDWATER ANALYTICAL RESULTS (ppb)

MW15-001
02-JUL-93

MW16-001
02-JUL-93

MW16-002
01-JUL-93

MW16-003
02-JUL-93

MW24-001

LT

LT

" 1,2-Dichlorobenzenes LT LT LT LT LT
ppb = parts per billion or ug/l
LT = Less than laboratory-certified detection limit
Note: Table includes only those parameters detected above laboratory-certified detection limits.



TABLE 5.6
STATISTICAL EVALUATION OF GROUNDWATER SAMPLES (ppb)

FREQUENCY PERCENTAGE AVERAGE MAXIMUM
OF DETECTED CONCENTRATION DETECTED DEVIATION
DETECTION Xx) CONCENTRATION
Total petroleum hydrocarbons 4 /19 21 149.16 533 109.02
II Lead 9 /19 &7 9.34 46.3 11.57 I
Arsenic 9 /19 47 4.59 18.2 5.43
Selenium 6 /19 32 2.67 13.6 2.89
“ Aluminum 16 /19 84 8748.11 65000 16046.74
I| Iron 19 /19 100 39601.47 340000 81132.91
Magnesium 19 /19 100 25404 .21 170000 47935.49
Manganese 19 /19 100 7930.08 55000 16869.93
|| Nickel 6 /19 32 21.19 64.5 16.83
Potassium 17 /19 89 5191.58 8940 2247.91
Sodium 19 /19 100 24731.05 120000 34786.31
Titanium 13 /19 68 185.13 1150 313.14
Ant imony 5 /19 26 46.31 310 71.12
Barium 19 /19 100 62.56 261 54.50
Beryllium 1 /19 5 1.12 3.19 0.49
Cadmium 1 /19 5 2.87 9.62 1.59
Chromium 5 /19 [ 26 25.27 150 33.68
Cobalt 9 /19 47 23.71 107 28.91 ll
- Copper 8 /19 42 19.34 96.8 27.03 ll
Vanadium 12 /19 63 37.79 255 67.17
Zinc 14 /19 74 64.24 211 61.78
Calcium 19 /19 100 52110.53 320000 82046.58
Tetrachloroethylene 2 /19 11 2.65 26 5.69 ||




TABLE 5.6 (continued)
STATISTICAL EVALUATION OF GROUNDWATER SAMPLES (ppb)

FREQUENCY PERCENTAGE AVERAGE MAXIMUM
OF DETECTED CONCENTRATION DETECTED DEVIATION
DETECTION x) CONCENTRATION
Bis(2-ethylhexyl) phthalate 5 /19 26 0.65 1.3 0.26
| 1,2-Dichlorobenzene 1 /19 5 0.54 1.3 0.18

ppb = parts per billion or ug/l
LT = Less than laboratory-certified detection limit
Note: Table includes only those parameters detected above laboratory-certified detection limits.



TABLE 5.7
GROUNDWATER DATA COMPARISON (ppb)
AVERAGE MAXIMUM AVERAGE 2 X NUMBER OF NJDEPE
CONCENTRATION | CONCENTRATION BACKGROUND SAMPLES CLEANUP SAMPLES
DETECTED CONCENTRATION EXCEEDING CRITERIA® EXCEDING
BACKGROUND
Total petroleum hydrocarbons
Lead 9.34 46.3 29.69 2 10 2¢
Arsenic 4.59 18.2 14.53 2 8 2¢
Selenium 2.67 13.6 10.89 1 50 0
Aluminum 8748.11 65000 39333.33 1 - R/A
Iron 39601.47 340000 51333.33 A . N/A I
Magnesium 25404.21 170000 20866.67 3 - N/A
Manganese 7930.08 55000 1342.00 6 hod N/A
Nickel 21.19 64.5 59.17 2 100 1]
Potassium 5191.58 8940 15433.33 0 * N/A ]
Sodium 24731.05 120000 27360.00 ) * N/A
Titanium 185.13 1150 785.33 2 * R/A
Ant imony 44.31 310 65.07 A 20 &€
Barium 62.56 261 270.40 0 2000 N/A
Beryllium 1.12 3.19 3.27 (1] 20 N/A
Cadmium 2.87 9.62 5.00 1 L} 1€
Chromium 25.27 150 87.53 1 100 1
Cobalt 23.711 107 43.07 ) * N/A
Copper 19.34 96.8 57.73 2 . N/A lI
Vanadium 37.79 255 114.47 2 * N/A
Zine 64.24 211 213.20 0 5000 N/A
Calcium 52110.53 320000 30666.67 3 . N/A
Tetrachloroethylene 2.65 26 2.00 2 1 2




TABLE 5.7 (continued)
GROUNDWATER DATA COMPARISON (ppb)

PARAMETER AVERAGE MAXIMUM AVERAGE 2 X NUMBER OF NJDEPE NUMBER OF
CONCENTRATION CONCENTRATION BACKGROUND SAMPLES CLEANUP SAMPLES
DETECTED CONCENTRATION EXCEEDING CRITERIA® EXCEDING
BACKGROUND NJDEPE
CRITERIA®
Bis(2-ethylhexyl) phthalate 0.65 1.3 1.00 2 30 0
1,2-Dichlorobenzene 0.54 1.3 1.00 1 600 0
a. RJDEPE Proposed Cleanup Standards for Contaminated Sites
b. Comparison to Cleanup Criterla Conducted for Data Points in Excess of 2 Times Background
c. Laboratory detection limit exceeds cleanup criteria
* - No standard available
ppb =  parts per billion or ug/l
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