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EXECUTIVE SUMMARY

This report documents the results of the initial phase of the Groundwater Investigation of Ramsdell
Quarry Landfill (RQL) at Ravenna Army Ammunition Plant (RVAAP), Ravenna, Ohio. The initial phase
of the Groundwater Investigation was conducted for RVAAP by Science Applications International
Corporation under contract DACA27-97-D-0025, Delivery Order No. 003, with the U.S. Army Corps
of Engineers (USACE), Louisville District. The Groundwater Investigation is conducted in a manner
consistent with the Department of Defense Installation Restoration Program guidelines, following work
plans reviewed and commented on by the Ohio Environmental Protection Agency, Northeast District
Office, Division of Solid and Infectious Waste.

ES.1 OBJECTIVES

This Groundwater Investigation Report summarizes the results of the initial phase of field activities
conducted in July 1998 at RQL. The specific objectives of the Groundwater Investigation are as follows:

• to assess the hydrogeologic conditions and groundwater quality of shallow groundwater beneath
the site using monitoring wells of known integrity suited to this purpose;

• to evaluate the RQL pond water and sediment for evidence of contamination, either via the
groundwater pathway, or by surface runoff of contaminated soils to the pond;

• to establish whether there is a hydraulic connection between shallow groundwater and the pond and
to continuously monitor water levels in six monitoring wells and the pond for one year for this
purpose; and

• to provide for the quarterly collection of samples of upgradient and downgradient groundwater and
surface water for one year, and during two significant hydrogeologic events, to maintain compliance
with post-closure monitoring requirements.

ES.2 FIELD INVESTIGATION

The RQL Groundwater Investigation is organized in two distinct phases of data collection and analysis.
The initial phase, completed in July 1998, consisted of the following activities:

• installation, development, testing, sampling, and instrumentation of six new monitoring wells;
• testing, sampling, and water level measurements at five monitoring wells constructed in 1988;
• sampling of sediments and surface water at the RQL pond;
• construction of an instrumented staff gauge at the RQL pond; and
• surveying of all monitoring wells and pond sediment/surface water sampling locations.

The initial field effort was conducted in accordance with the Facility-Wide Sampling and Analysis Plan
for Ravenna Army Ammunition Plant (USACE 1996a) and the Sampling and Analysis Plan Addendum
for the Groundwater Investigation of the Former Ramsdell Quarry Landfill (USACE 1998). The initial
phase of the investigation specifically addresses the first two objectives as stated above, and provides
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the basis for the remaining objectives to be accomplished. These field activities are the subject of this
report.

The follow-up phase consists of the collection of groundwater samples from each of the six newly
installed monitoring wells and collection of samples from one surface water location. This work is to be
repeated for the next three quarters and in two separate hydrogeologic events (i.e., either a storm or a
prolonged dry period), ending in 1999. The purpose of this monitoring is to establish a statistically sound
data set to determine whether contaminants are migrating via groundwater from the former landfill.  In
addition, follow-up work will consist of continuous water-level measurements using data loggers on the
six new wells, and monthly manual water level readings on the previously installed monitoring wells, for
a period of one year following the installation of the six new wells. The results of sampling in each
quarter will be the subject of three individual quarterly reports.

ES.3 GROUNDWATER HYDROGEOLOGY AND FLOW

Six monitoring wells were installed as a part of the initial phase of the Groundwater Investigation. A
staff gauge was installed in the pond to provide correlative pond surface elevation data to groundwater
elevations. RQL and the adjacent pond are underlain by weathered, fractured fine- to medium-grained,
sandstones of the Sharon Member of the Pennsylvanian Pottsville Formation. All of the wells are
completed in the most shallow water-bearing zone in this stratigraphic unit. Open, recemented, and
highly weathered fractures were observed throughout the drilled intervals. Fracturing occurs both along
bedding planes and as joints in massive zones. Groundwater circulates along fractures, as evidenced by
limonitic or black oxidized stainings and coatings on the rock or on grains. The pervasive character of
fracturing in the sandstone suggests that vertical movement of groundwater through both the primary
and secondary porosity takes place at RQL to some degree.

Water level measurements in the six new wells and pond staff gauge indicate a local hydraulic gradient
to the northeast. Water level measurements from the original five monitoring wells (which are screened
deeper than the new wells) collected during the same week, and historical information for water levels
in the summer months, illustrate the same general potentiometric surface geometry. These data indicate
a high degree of vertical communication between the zones across permeable primary and secondary flow
paths in the highly fractured and weathered sandstones at RQL.

The pond is small and shallow, and much of its former extent is now covered with vegetation. RQL pond
is underlain by bedrock, covered to varying degrees by fine-grained sediment. The presence of this
sediment may effectively reduce the amount of any hydraulic communication that may exist between the
water-bearing zone in the sandstone and the pond, especially at times when the water level (i.e., the
hydraulic head) in the pond is low. However, water levels in the pond have appeared to mimic those in
the original monitoring wells and in the newly installed wells between the landfill toe and the pond.

ES.4 ANALYTICAL RESULTS

The results of the Groundwater Investigation initial sampling at RQL are summarized in the following
sections.
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ES.4.1 Groundwater

Groundwater contains low levels of explosives such as RDX, 1,3-dinitrobenzene, and nitrotoluenes. Two
explosives were identified in the newly designated upgradient well, RQLmw-006. These explosives also
occur in one or more of the downgradient wells. The propellant nitroglycerine was also identified in the
upgradient well, and in one downgradient well, in low concentrations. These occurrences suggest a
contaminant source upgradient of the former quarry, or reversal of flow in the groundwater system
transporting contaminants upgradient. Arsenic, cobalt, and nickel were identified in filtered samples from
RQLmw-006 and five or more downgradient wells. Volatile organic compounds (VOCs) and
semivolatile organic compounds (SVOCs) were not present above detection levels in groundwater.

ES.4.2 Sediment

Sediment has accumulated to a depth of 1.2 m (4 ft) or greater in some places in the pond. Sediment
samples from the 0- to 0.15-m (0- to 0.5-ft) sampling interval appear to harbor the greatest
concentrations of contaminants.  The explosive HMX was found in five of the eight locations, in two of
these at depths of 0.15 to 0.60 m (0.5 to 2 ft) or greater. The propellant nitrocellulose was present in two
samples in low concentrations.

Numerous polynuclear aromatic hydrocarbons were present in five of the eight sediment sampling
locations in concentrations up to 2000 mg/kg. VOCs were generally not present above detection levels.

ES.4.3 Surface Water

The water depth in July 1998 varied from 0 to 0.97 m (0 to 3.18 ft). An instrumented staff gauge was
established at the point where the water is deepest. Explosives, propellants, cyanide, VOCs, and SVOCs
were not detected above detection levels in the pond water. Most of the metals in filtered surface water
samples were non-detects, with the exception of iron, magnesium, and manganese, which were detected
in most samples. Arsenic and barium were present in three or fewer samples at low concentrations.

ES.5 CONCLUSIONS

The results of the initial phase of sampling and measurements at RQL provide an assessment of summer
(dry weather) conditions at the site, using new monitoring wells for the collection of chemical and
hydraulic data. Follow-up sampling will provide information on the temporal variations in groundwater
and surface water chemistry and movement. These data will be provided in quarterly monitoring reports
and integrated in an annual summary report at the conclusion of the Groundwater Investigation.
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1.0 INTRODUCTION

This report documents the results of the initial phase of the Groundwater Investigation of
Ramsdell Quarry Landfill (RQL) at Ravenna Army Ammunition Plant (RVAAP), Ravenna, Ohio.
The initial phase of the Groundwater Investigation was conducted for RVAAP by Science
Applications International Corporation under contract DACA27-97-D-0025, Delivery Order No.
003, with the U.S. Army Corps of Engineers (USACE), Louisville District. The Groundwater
Investigation is conducted in a manner consistent with the Department of Defense Installation
Restoration Program guidelines, following work plans reviewed and commented on by the Ohio
Environmental Protection Agency (Ohio EPA), Northeast District Office, Division of Solid and
Infectious Waste.

The RQL Groundwater Investigation at RVAAP, in Ravenna, Ohio (Figure 1-1), was conducted
in July 1998 to provide a supplemental characterization of the shallow groundwater flow regimes
and chemical water quality at this closed solid waste disposal facility. With this evaluation, the
USACE seeks to close data gaps and to address potential impacts upon the groundwater from the
former RQL and pre-landfill disposal activities. Data from this investigation may be used to
establish that the new groundwater monitoring system meets the requirements of Ohio
Administrative Code (OAC) 3745-27-10(B). Although this groundwater investigation is
independent of semiannual post-closure monitoring, groundwater monitoring activities performed
in this investigation shall be, to the extent possible, consistent with the requirements of OAC
3745-27-10.

1.1 PURPOSE OF STUDY

The purposes of the RQL Groundwater Investigation are as follows:

• to assess the hydrogeologic conditions and groundwater quality in shallow groundwater
beneath the site using monitoring wells of known integrity suited to this purpose;

• to evaluate the RQL pond water and sediment for evidence of contamination, via the
groundwater pathway, or as a result of incipient contamination from historical operations on
the quarry floor;

• to establish whether there is a hydraulic connection between shallow groundwater and the
pond, and to continuously monitor water levels in six monitoring wells and the pond for one
year for this purpose; and

• to provide for the quarterly collection of samples of upgradient and downgradient
groundwater and surface water for one year, and during two significant hydrogeologic
events, to maintain compliance with post-closure monitoring requirements.

The work performed for this investigation included the installation, development, testing,
sampling, and instrumentation of six new monitoring wells, as well as the sampling and testing of
the five existing monitoring wells, and pond sediment and surface water sampling.



98-162P(doc-4si)/011599 1-2

THIS PAGE INTENTIONALLY LEFT BLANK





98-162P(doc-4si)/011599 1-4

1.2 SITE BACKGROUND

1.2.1 Site Description

A detailed history of process operations and waste processes for each area of concern (AOC) at
RVAAP is presented in the Preliminary Assessment for the Ravenna Army Ammunition Plant,
Ravenna, Ohio (USACE 1996b). The following is a summary of the history and of the related
contaminants for RQL.

RQL (designated AOC RVAAP-01) is located in the western and southern portion of the
abandoned Ramsdell Quarry (Figure 1-1), in the northeast corner of RVAAP. The quarry was
excavated about 9 to 12 m (30 to 40 ft) below existing grade into the Sharon Member sandstone
and conglomerate bedrock.

The original unconsolidated glacial material overlying the sandstone was only a few feet (<10 ft)
thick and appears to have been entirely removed. The quarry was abandoned before 1941 and was
used as a landfill from 1941 until 1989. In addition, from 1946 to the 1950s, the bottom of the
quarry was used to burn waste explosives from Load Line 1. Approximately 18,000 225-kg (500-
lb) incendiary or napalm bombs were reported to have been burned in the abandoned quarry.
Liquid residues from annealing operations were also dumped in the quarry. There is currently no
historical information on how the quarry was used from the 1950s to 1976.

From 1976 until the landfill was closed in 1989, only nonhazardous solid waste was deposited in
the abandoned quarry. In 1978, a portion of the abandoned quarry was permitted as a sanitary
landfill by the State of Ohio. The permit required a 30-m (100-ft) buffer be maintained between
the landfill and the pond; the extent of the pond prior to this time is not known.

Figures 1-2 and 1-3 depict current conditions at the RQL and adjacent pond. The closed landfill is
U-shaped and has a compacted-soil cover that is vegetated and appears to be intact. The pond is
generally less than 1.3 m (4 ft) deep and is underlain by thin deposits of sediment over bedrock.

Based upon available information and past uses of the abandoned quarry, wastes may include
domestic, commercial, and industrial solid and liquid wastes, including explosives (e.g., TNT,
RDX, Composition B), napalm, gasoline, acid dip liquor, annealing residue (e.g., sulfuric acid,
shell casings, sodium orthosilicate, chromic acid, and alkali), aluminum chloride, and inert
material. Interviews with former RVAAP personnel have indicated that much of the landfilled
wastes and debris at the abandoned quarry were removed in the 1980s.

A much smaller quarry (also abandoned) was located directly southeast of RQL (Figure 1-3).
Although some aerial photographs have shown a small pond in this location, the pond is evidently
of seasonal character, because no standing water was present at this location at the time of the
field investigation. No documentation about potential waste disposed in this quarry is available.

Closure of the permitted sanitary landfill was completed in May 1990 under State of Ohio solid
waste regulations (OAC 3745-27-10). A requirement of closure was installation and semiannual
monitoring of five monitoring wells (see Figure 1-3).

1.2.2 Previous Investigations

Groundwater samples from RQL have been collected since 1987, beginning with semiannual
detection monitoring in five open boreholes. Monitoring wells MW-1 through MW-5 (shown in
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Figure 1-3) were completed in these boreholes in January 1988 (USAEHA 1992), and semiannual
monitoring continued until November 1991, when quarterly sampling was initiated. Quarterly
sampling continued through February 1993. The wells have been sampled semiannually since
February 1993.

RVAAP has performed semiannual groundwater monitoring of these constituents according to
the requirements of OAC 3745-27-10 (March 1990), specified in a Groundwater Monitoring Plan
for the Ramsdell Quarry Landfill (Revised), dated March 1995 (RVAAP 1995). In the
semiannual monitoring program, unfiltered samples are analyzed for the volatile organic
compounds (VOCs), five explosives, eleven metals, and indicator parameters listed in Table 1-1.
In addition, the Portage County Health Department has sampled and analyzed surface water from
the RQL pond.

The plan submitted to Ohio EPA for the closure of RQL in 1989 provides additional
characterization information about the site. The closure plan contains stratigraphic information as
well as lithologic cross-sections showing the elevation of the lower limit of waste placement for
the sanitary landfill. According to the design drawings filed as a part of this plan, the lower limit
of waste placement was many feet above the water level in the pond, which was presumed to
mimic the elevation of the potentiometric surface.

Significant gaps in the monitoring data gathered before this Groundwater Investigation have been
identified by Ohio EPA (Ohio EPA 1997) that prevent the determination of whether closure
requirements are being met. The most significant deficiencies are as follows:

• Placement of the original monitoring wells (installed in 1988) is such that only one well
(MW-5) is downgradient from the RQL. Prior to this effort, there were no monitoring wells
located immediately downgradient of the toe of the landfill. Ohio regulations require a
minimum of three downgradient wells at all times.

• Discrepancies in relative water level elevations in the five original wells during semiannual
measurement events obscure whether a seasonal shift (reversal) in groundwater flow
direction is occurring.

• Monitoring wells installed for detection monitoring in 1988 were screened 3 to 9 m (10 to
30 ft) below the water table, resulting in a concern that the present upgradient wells do not
monitor the same water-bearing interval as the downgradient well.

• No information exists to determine the relationship between water levels in the uppermost
groundwater zone and the surface of the pond.

• Explosives were detected in groundwater from all five monitoring wells in at least three
sampling events, thus casting some doubt as to the integrity of the “upgradient” well
(MW-4).

• Indicator parameters such as specific conductance and total dissolved solids continue to be
analyzed, and upgradient/downgradient differences may result from variations in the
sandstone intervals in which wells are screened rather than from the impact of the landfill on
groundwater.
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Table 1-1. List of Analytes for Ramsdell Quarry Landfill Semiannual Groundwater Monitoring

Inorganics (total) Volatile Organic Compounds
Arsenic Acetone
Barium Acrolein
Cadmium Acrylonitrile
Calcium Benzene
Chromium Bromodichloromethane
Copper cis-1,3-Dichloropropene
Iron trans-1,3-Dichloropropene
Lead Ethylbenzene
Magnesium Ethyl Methacrylate
Mercury Bromoform
Potassium Bromomethane
Nickel 2-Butanone
Selenium Carbon Disulfide
Silver Carbon Tetrachloride
Sodium Chlorobenzene
Zinc Chloroethane
Explosives 2-Chloroethyl Vinyl Ether
Trinitrotoluene Chloroform
2,4-Dinitrotoluene Chloromethane
2,6-Dinitrotoluene Dichlorodifluoromethane
HMX 1,1-Dichloroethane
RDX 1,2-Dichloroethane
Inorganic/Indicator Parameters 2-Hexanone
Total Alkalinity Methylene Chloride
Chloride 4-Methyl 2-Pentanone
Chemical Oxygen Demand 1,1-Dichloroethene
Cyanide trans-1,2-Dichloroethene
Specific Conductivity Styrene
Dissolved Fluoride 1,1, 2,2-Tetrachloroethene
MBAS, Colorimetric Toluene
Nitrate (as N) 1,1,1-Trichloroethane
Ammonia (as N) 1,1,2-Trichloroethane
pH Trichloroethene
Total Dissolved Solids Trichlorofluoromethane
Sulfate 1,2,3-Trichloropropane
Total Organic Carbon Vinyl Acetate
Temperature Vinyl Chloride
Nitrate-nitrite Xylene
Phosphorus Phenols
Turbidity
Source: USAEHA 1992

In summary, previous evaluations of groundwater at RQL have produced inconclusive results.
Statistical analysis of water quality indicator parameters has shown some local impacts on the
groundwater (e.g., specific conductance, total organic carbon, and total dissolved solids have
been statistical triggers in both upgradient and downgradient wells).
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USACE recently completed (February 1998) a topographic survey of RQL, including collection
of new elevation data on the existing monitoring wells at the site. Topography of the site is now
accurate to within 0.006 m (0.02 ft). A survey of the elevations of the existing wells was
performed to correct discrepancies in water level elevations noted in the semiannual data. As a
part of this Groundwater Investigation, the existing monitoring wells were re-surveyed, and the
elevations shown for the wells in this report are the most recent.

1.3 REPORT ORGANIZATION

This Groundwater Investigation was designed to fill the data gaps described above, and to resolve
uncertainties about the chemical quality and the physical groundwater regime beneath RQL. The
field sampling efforts performed in this Groundwater Investigation consist of an initial phase and
a follow-up phase. The initial field effort consisted of the following:

• installation, development, testing, sampling, and instrumentation of six new monitoring
wells;

• sampling and water level measurements at the five existing wells;

• sampling of sediments and surface water at the RQL pond;

• construction of an instrumented staff gauge at the RQL pond; and

• surveying of all new monitoring wells and pond sediment/surface water sampling locations.

The follow-up phase will consist of the collection of groundwater samples from each of the six
newly installed monitoring wells and the collection of surface water samples from one location,
in each of the next three quarters and in two separate storm events, to compile statistics for the
analytical parameters being evaluated at RQL. In addition, follow-up work will consist of
continuous water level measurements using data loggers on the six new wells and the pond, and
monthly manual water level readings on the previously installed monitoring wells, for a period of
one year following the installation of the six new wells. Continuous monitoring of pond and water
levels in the new monitoring wells will provide much useful data to analyze the relationship of
the pond to the site groundwater regime. The results of sampling in each quarter will be the
subject of each of three quarterly reports to USACE.

The initial phase of sampling is the subject of this report. Section 2 describes the field activities
conducted, provides a discussion of the geologic and hydrologic conditions at RQL based on the
field investigation findings, and discusses the analytical results from the initial field effort.
Section 3 presents conclusions of the initial phase effort. Appendixes A through I contain boring
logs, well construction diagrams, slug test data, analytical data, geotechnical data, survey data,
UXO characterization results, sediment sampling logs, and daily quality control reports,
respectively.



98-162(DOC-4SI)/011599 2-1

2.0 INVESTIGATION RESULTS

All sampling activities, including drilling, sample collection and preservation, decontamination, sample
management, and documentation for the Groundwater Investigation at RQL were conducted according
to guidance in the Facility-Wide Sampling and Analysis Plan for Ravenna Army Ammunition Plant
(USACE 1996a) and the Sampling and Analysis Plan Addendum for the Groundwater Investigation
of the Former Ramsdell Quarry Landfill (USACE 1998).

2.1 GROUNDWATER REGIME AND MONITORING

The purposes of the Groundwater Investigation at RQL are to determine the shallow groundwater
hydrogeologic conditions, including groundwater flow direction, seasonal changes, and the hydraulic and
geochemical relationships between the surface water in the pond and the groundwater. These
characteristics must be clearly defined to evaluate whether the closed landfill is in compliance with Ohio
solid waste regulations’ post-closure requirements. Specifically, analytical results from the upgradient
monitoring well (RQLmw-006) are to be compared with those results from the wells downgradient of
the landfill (RQLmw-007, -008, and -009) to fulfill regulatory requirements for detection monitoring.
Statistical comparisons are necessary to determine whether groundwater contamination is emanating
from the landfill and migrating from the site. Additionally, data from the new monitoring wells RQLmw-
010 and -011, in conjunction with other data, will provide information about the pond downgradient of
the landfill.

2.1.1 Soil Borings and Subsurface Geology

As a former rock quarry, RQL’s surroundings are characterized by bedrock exposed on the ground
surface, with negligible natural soil cover. Figure 2-1 illustrates that, between the surface of the pond
and the top of the closed landfill, there are approximately 13 m (40 ft) of topographic relief representing
the former extent of quarrying in this area.

Six monitoring wells were installed to monitor the shallow groundwater at RQL. Drilling was
accomplished using coring and air-rotary drilling equipment. The locations of the monitoring well
borings are shown in Figure 2-1. These locations were selected based on water level data from the
existing wells, which suggest that the groundwater flow direction in the uppermost water-bearing zone
is northward, away from the landfill. Three of the borings (RQLmw-007, -008, and -009) are located
below the toe (hydraulically downgradient) of RQL, two (RQLmw-010 and -011) are located
downgradient of the pond, and one (RQLmw-006) is located upgradient of the landfill. Each of the new
wells is located at least 30 m (100 ft) from any of the previously installed wells.

Lithologic logging was performed using cores from each of the six monitoring well borings. Correlations
of stratigraphy between the new wells and the five original wells is problematic, because lithologies in
the five original wells were logged from cuttings lifted from the borehole by compressed air, and the new
wells were logged from undisturbed core samples. The core samples are more representative of
subsurface conditions than the cuttings and are the basis of the geological interpretations in this report.
Cores from the six new monitoring wells are stored at RVAAP.

The boring logs are presented in Appendix A. Information from the boring logs was used to construct
a lithologic cross-section through the site (Figures 2-2 and 2-3). Figure 2-2 shows that the RQL is
underlain by weathered, fractured, fine- to medium-grained quartzose sandstones of the
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Sharon Member of the Pennsylvanian Pottsville Formation. Lithologies appear to be quite uniform
across the site, with the exception of an occurrence of a more competent (unfractured), gray, poorly
sorted sandstone with thinly bedded shale at RQLmw-006 and RQLmw-011. This lithology  differs
significantly from the surrounding quartz sandstones in that it contains a wider range of particle sizes
and other non-quartz minerals. Thin bedding-plane laminations, consisting of finer-grained gray or black
material, were observed in all cores. The Sharon Member is characterized by widespread cross-bedding.
Bedding planes or laminations in cores range in orientation from horizontal to approximately 100
degrees from the core axis.

Open, recemented, and highly weathered fractures were observed in each of the cores. Fracturing occurs
both parallel to and at oblique angles to bedding planes, as well as in massive zones. Weathering along
fractures has been sufficient to completely break down the cement in some cases. Groundwater circulates
along fractures, as evidenced by limonitic or black oxidized stainings and coatings on the rock or on
grains. The pervasive character of fracturing in the sandstone suggests that vertical movement of
groundwater through permeable primary and secondary flow pathways takes place at RQL to some
degree.

2.1.2 Monitoring Well Installation

Following air-rotary overdrilling of the cored boreholes to achieve a 15-cm (6-in.) diameter borehole,
monitoring wells were constructed at each of the six locations. All six wells were constructed as above-
ground installations. Details of monitoring well construction are provided in Appendix B of this report.
 Well installation followed procedures described in the Facility-Wide Sampling and Analysis Plan
(USACE 1996a) and the Sampling and Analysis Plan Addendum for the Groundwater Investigation
of the Former Ramsdell Quarry Landfill (USACE 1998), with the following exceptions noted.
Concurrence with Ohio EPA and USACE technical managers was obtained before each modification was
made.

(1) RQLmw-006, RQLmw-010, and RQLmw-011 were completed with 6-m (20-ft) screens instead
of 3-m (10-ft) screens, to ensure that the wells would produce a sufficient amount of water for
sampling, or to ensure that the potentiometric surface intersected the screen. Because of the
presence of water near the tops of the holes during drilling (potentially fracture storage), it was
difficult to determine where the most productive water-bearing zones were.

(2) RQLmw-007, -008, and -009 were constructed with a modified surface casing designed to
prevent frost heaving effects, because of these wells’ proximity to the pond. The water level in
the pond may rise high enough to partially inundate the well pads. A corrugated polyvinyl
chloride (PVC) liner was placed outside the protective casing prior to filling the annular space
from the frost line to the surface with concrete. The construction change allows the well pads
to heave without affecting the protective well casing or well riser/screen string.

(3) Because the static water levels at RQLmw-007, -008, and -009 were close to the ground surface
elevation, the filter pack in each well was reduced to a height of 0.30 to 0.33 m (1 to 1.1 ft)
above the top of the screen, rather than the specified 1 m (3 ft), to allow adequate space for a
0.6-m (2-ft) bentonite seal and 0.85 to 1 m (2.8 to 3 ft) of grout. This modification to approved
well construction specifications allows for construction of shallow wells with 3-m (10-ft)
screens, without compromising the integrity of the filter pack or seal.

(4) Additional development of well RQLmw-006 was required over 12 days to achieve stable field
parameter values (i.e., pH, conductance; see Appendix B).
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There are noteworthy differences in the construction details between the previously existing and the
newly installed wells. The six newly installed wells are constructed of  5-cm (2-in.) diameter PVC risers
and 3-m (10-ft) or 6-m (20-ft) screens, with Global #7 filter packs and bentonite grout seals (as noted
above), in accordance with the Facility-Wide Sampling and Analysis Plan (USACE 1996a). The screens
were set such that the span of the monitored intervals ranged from 1.79 to 11.97 m (5.9 to 39.4 ft) below
ground surface (BGS). Well construction diagrams for the six wells, designated RQLmw-006 through
RQLmw-011, are provided in Appendix B of this report. The original wells, designated MW-1 through
MW-5, were installed in 1988. They were constructed of 5-cm ( 2-in.) PVC pipe with 3-m (10-ft)
screens; the interval spanned by the well screens ranges from 10.6 to 16.7 m (35 to 55 ft) BGS (Table
2-1). The borings for these wells extended to the top of the Meadville Shale, or roughly 48 m (160 ft)
BGS, and were later backfilled with clean sand and gravel to 3 m (10 ft) below the base of the screen
when the wells were installed (Ohio Drilling Co. 1988). Bentonite pellets were emplaced from that depth
to the bottom of the screen. No well construction diagrams have been provided for these wells. Some
differences in chemical quality are to be expected between the water from the new monitoring wells and
the water from the original wells. For example, the condition of the grout seals and nonstandard
construction may affect groundwater chemistry and sample quality in the original wells. Details of the
completion of the monitoring wells are summarized in Table 2-1.

Table 2-1. Static Water Level Measurements, July 23 to 28, 1998

Monitoring
Well ID

Water Level
(ft below top of

casing)

1998 Surveyed
Top of Casing

Elevation
(ft amsl)

1998 Surveyed
Ground Surface

Elevation
(ft amsl)

Water Level
Elevation
(ft amsl)

Screened
Interval

Elevation
(ft amsl)

MW-1 27.88 986.13 985.53 958.25 930–940a

MW-2 24.28 981.90 982.74 957.62 942–952a

MW-3 19.90 975.54 973.55 955.64 929–939a

MW-4 32.04 991.80 990.85 959.76 935–945a

MW-5 21.65 977.38 976.14 955.73 938–948a

RQLmw-006 34.24 995.39 993.52 961.15 954.12–974.12

RQLmw-007 6.86 965.91 963.86 959.05 947.91–957.91

RQLmw-008 6.84 966.08 963.82 959.24 947.82–957.82

RQLmw-009 5.69 964.58 962.60 958.89 946.7–956.7

RQLmw-010 25.68 982.14 980.04 956.46 947.58–967.58

RQLmw-011 22.32 976.57 974.60 954.25 942.2–962.2

Pond Staff Gauge -- 961.66 -- 958.48 ---
aEstimated according to Ohio Drilling Co. (1988)
amsl = above mean sea level

2.1.3 Slug Test Results

Following sampling of the six newly installed and the five previously existing monitoring wells at RQL,
slug tests were performed on each well to determine the hydraulic conductivity of the geologic material
surrounding each well.
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Slug testing followed the provisions of the Sampling and Analysis Plan Addendum for the
Groundwater Investigation of the Former Ramsdell Quarry Landfill (USACE 1998). These analyses
estimate horizontal hydraulic conductivities in the screened interval of each well. Rising-head tests were
completed after each well had fully recovered from groundwater sampling, using automated data
collection software and a notebook computer.

The results of the slug tests performed during July 1998 are presented in Appendix C. They reveal
moderately high horizontal hydraulic conductivities in the weathered and fractured sandstone units
underlying RQL. Typical hydraulic conductivities for sandstones range from 10-3 to 10-8 cm/s (Freeze
and Cherry 1979). The calculated results for the 11 wells at RQL are shown in Table 2-2. The wells
generally show conductivities in the sandstone ranging from 10-3 to 7 × 10-4 cm/s. However, it should
be noted that, because construction details on the original wells (e.g., height of seal above the screen,
borehole diameter) were not available, assumptions regarding well dimensions and completion were used
to interpret the slug test data for these wells. The five original wells generally have hydraulic
conductivities slightly higher than those in the new wells. Hydraulic conductivities in new wells screened
below 16 ft BGS (i.e., 20-ft screens) were approximately an order of magnitude less than in the shallow
wells screened above 16 ft BGS. Fracturing in the sandstone units undoubtedly contributes to the high
observed conductivities in the monitoring wells at RQL.

2.1.4 Groundwater Sampling

2.1.4.1 Water Levels

New monitoring wells were developed following completion, according to criteria defined in the
Sampling and Analysis Plan Addendum for the Groundwater Investigation of the Former Ramsdell
Quarry Landfill (USACE 1998). Following well development, water levels were measured from the top
of casing. Water levels measured during the initial phase of fieldwork have been tied to the surveyed
elevation of the top of casing at each well, to present accurately the potentiometric surface and
groundwater flow direction at RQL (Table 2-1).

Static water levels above the top of the well screen were observed in each of the original wells, and in
RQLmw-007, RQLmw-008, and RQLmw-009, adjacent to the pond. These findings suggest either (1)
a confined or semiconfined water-bearing zone, rather than an unconfined, “water table” system; or (2)
hydraulic communication along fracture zones. In the wells at the toe of the landfill, this effect may result
from the presence of the pond. In the other wells, elevated water levels may be the result of hydraulic
communication among the fractures in the sandstone.

Figure 2-3 is a potentiometric surface map for shallow groundwater, as measured on July 23 – 28, 1998,
using data from the six new wells. Initial water levels were collected on the day the well was sampled,
due to an oversight in the field. Water level measurements in the six new wells indicate a local hydraulic
gradient to the northeast. Water level measurements from the original five monitoring wells for the same
dates, and historical information for water levels in the summer months, illustrate the same general
potentiometric surface trend with respect to the newly surveyed top-of-casing elevations. However, July
1998 water levels in the original wells indicate
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Table 2-2. Horizontal Hydraulic Conductivities Measured
During the RQL Groundwater Investigation

Monitoring Well ID
Screened Interval

(depth BGS, ft)
Total Depth

(ft)
Geologic Material
Adjacent to Screen

Hydraulic
Conductivity

(cm/s)

MW-1 45-55 54.26 gray-white sandstone 1.6 × 10-3

MW-2 35-45 44.60 white sandstone 4.7 × 10-3

MW-3 35-45 46.86 brown sandstone 2.3 × 10-3

MW-4 45-55 56.98 white sandstone 1.8 × 10-3

MW-5 33-43 40.76 brown sandstone 1.5 × 10-3

RQLmw-006 19.4 - 39.4 42.08 weathered, fractured
sandstone

2.0 × 10-4

RQLmw-007 5.95 - 15.95 18.66 weathered, fractured
sandstone

9.2 × 10-3

RQLmw-008 6 – 16 18.70 fractured sandstone 5.4 × 10-3

RQLmw-009 5.9 - 15.9 18.84 fractured sandstone 2.0 × 10-3

RQLmw-010 12.46 - 32.46 35.36 weathered, fractured
sandstone

6.7 × 10-4

RQLmw-011 12.4 - 32.4 35.36 weathered, fractured
sandstone

3.9 × 10-4

Source: MW-1 through MW-5, according to Ohio Drilling Co. (1988).

potentiometric surface elevations from 0.30 to 0.60 m (1 to 2 ft) lower than those observed in the newly
installed wells. One possible explanation for the disparities in water levels in wells screened in a deeper
stratigraphic interval is that vertical communication is taking place to varying degrees in the highly
fractured and weathered sandstones at RQL.

The data in Table 2-1 show that the upgradient well, RQLmw-006, is screened approximately 2.7 m (9
ft) above the screened interval in the previous upgradient well, MW-4. MW-1 is also screened
significantly lower than any of the new wells, at 283 to 286 m (930 to 940 ft) amsl. However, RQLmw-
007, -008, -009, -010, and -011 are screened at depths that overlap with the screened intervals of MW-2,
MW-3, and MW-5. Figure 2-4 is a potentiometric surface map for shallow groundwater, as measured
on July 23-28, 1998, using data from the original five wells.

2.1.4.2 Discussion of Analytical Results

All eleven monitoring wells were initially sampled for explosives, propellants (nitroguanidine,
nitrocellulose, and nitroglycerine), Target Analyte List (TAL) metals, cyanide, VOCs, and semivolatile
organic compounds (SVOCs). Groundwater was submitted for analysis of both total (unfiltered) and
dissolved (filtered) TAL metals. The validated analytical data for the groundwater sampling effort are
presented in their entirety in Appendix D. Tables in Appendix D present the data both by analyte and
by sample station. Standard method reporting limits for some VOC compounds (vinyl chloride,
tetrachloroethene, trichloroethene) are higher than promulgated drinking water standards; however, any
estimated detected values less than reporting limits are provided.
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The eleven wells were field screened for VOCs using a hand-held photoionization detector (PID) organic
vapor analyzer (OVA) during groundwater sample collection. Generally, volatile organics were not
detected in the breathing zone; however, 0.2 to 95 ppm of organic vapors were measured above the cores
for RQLmw-006, -007, -008, and -009. In addition, field measurements of pH, temperature, specific
conductance, and dissolved oxygen were recorded for each sample.

Aside from construction differences, there were differing approaches to the purging and sampling of the
two sets of monitoring wells in the initial phase of this Groundwater Investigation. The six new wells
were purged using a micro-purge method and dedicated equipment, including sampling pumps and
tubing. Very small amounts of water (typically less than 3 gallons) were removed from the wells during
micro-purging, and samples were withdrawn from the wells using the dedicated pump. Samples from the
newly installed wells will continue to be sampled with this equipment throughout the Groundwater
Investigation. In contrast, the previously existing wells were purged using conventional equipment and
methods described in the Facility-Wide Sampling and Analysis Plan (USACE 1996a). Three well
volumes were removed from the wells (from 20 to 28 gallons), and purging was terminated when water
quality readings of pH, turbidity, and conductivity stabilized for three consecutive readings. Purging and
sampling were accomplished using disposable Teflon bailers. Conventional purging and sampling were
performed on the original wells because a one-time use of dedicated equipment for the sampling of these
wells was not cost-justified. No re-development of the original wells was attempted as a part of this
study. These differences may contribute further to the observed variations in the analytical results
between the two sets of wells from the initial phase of sampling.

The following sections discuss the chemical quality of groundwater at RQL.

Explosives

Trace quantities of nine explosives were detected in RQL groundwater. The results of groundwater
analyses are as follows:

• No explosives were detected in groundwater from RQLmw-007, -009, or -010.

• Trinitrotoluene (TNT) was found in MW-5 at 0.27  µg/L.

• 2,6-Dinitrotoluene (DNT) was present at 0.085J µg/L in MW-4 (a “J” indicates an estimated
quantity).

• 2,4-DNT was present at 0.13 µg/L in RQLmw-008.

• HMX was found in RQLmw-008 at 0.06J µg/L, and at 0.076J µg/L in RQLmw-011.

• RDX was found in MW-2, MW-3, and RQLmw-006, at 0.14J, 0.28J, and 0.12J µg/L,
respectively.

• Tetryl was found in MW-1 at 0.0685 µg/L, and at 0.12 µg/L in MW-4.

• 1,3-Dintrobenzene (DNB) was detected at 0.099J µg/L in RQLmw-006.

• 4-Nitrotoluene was detected at 0.082 µg/L in MW-5.

• Nitrobenzene was detected once, at 0.091J µg/L in RQLmw-011.
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Figure 2-5 displays the distributions of these explosives in groundwater samples.

Propellants

Nitroglycerine was detected in two samples of groundwater. RQLmw-008 had 2J µg/L of nitroglycerine;
RQLmw-006 had 2.8J µg/L. No other propellants were detected in RQL groundwater during the initial
phase of sampling.

TAL Metals and Cyanide

Metals were analyzed in both filtered and unfiltered samples from each groundwater sampling location.
Both sets of results are discussed below. However, filtered sample results are more representative of the
true composition of the groundwater than the unfiltered results. Essential nutrients such as calcium,
potassium, and sodium were present above detection levels in all samples, but are not further discussed
as they are not considered potential contaminants at RQL.

In the unfiltered groundwater samples, the results of the analyses are as follows:

• Neither antimony nor silver were detected.

• Cadmium, chromium, and vanadium were detected only in MW-2, at 19, 23.3, and 22.4J µg/L,
respectively.

• MW-2 was the locus of maximum concentrations for 11 of the 23 TAL metals.

• Arsenic was detected in all wells, except for MW-3, RQLmw-009, and RQLmw-010, at
concentrations ranging from 3.3J to 108 µg/L; concentrations exceeded the Maximum Contaminant
Level (MCL) in samples from wells MW-2 (108 µg/L), RQLmw-007 (89.4 µg/L), and RQLmw-
008 (51.6 µg/L).

• Cobalt was detected in MW-1, MW-2, MW-4, RQLmw-006, RQLmw-008, and RQLmw-011 at
concentrations ranging from 29.7 to 196 µg/L.

• Trace amounts of mercury were reported from 0.09J to 0.29 µg/L in 8 of 11 wells.

• Lead was detected only in three wells: at 4.2 µg/L in MW-1, 74.8 µg/L in MW-2, and 2.4 µg/L in
MW-4.

• In the upgradient well RQLmw-006, arsenic, barium, and cobalt were present at 15, 30.2J, and 196
µg/L, respectively. Iron, manganese, nickel , and zinc were present at 1760, 5550, 937, and 47.8
µg/L, respectively.

Arsenic was present in the unfiltered groundwater samples at concentrations above the MCL for drinking
water (0.05 mg/L) in all three locations where it was detected (MW-2 at 108 µg/L; RQLmw-007 at 59.4
µg/L; and RQLmw-008 at 51.6 µg/L). MCLs for cadmium, nickel, thallium, and lead were exceeded at
MW-2.
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Tetryl 0.068J

Nitroglycerin 2.0J
HMX 0.06J
2,4-Dinitrotoluene 0.13

RDX 0.14J

2,6-Dinitrotoluene 0.085J
Tetryl 0.12J

Nitroglycerin 2.8J
RDX 0.12J

RDX 0.28J

2,4,6-Trinitrotoluene 0.27

Nitrobenzene 0.091J
HMX 0.067J

1,3-Dinitrobenzene 0.099J
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For the filtered groundwater samples, the results of the analyses are as follows:

• Five of the 23 TAL metals analyzed in filtered groundwater were not detected. These were antimony,
chromium, lead, selenium, and silver.

• The upgradient well RQLmw-006 had low estimated concentrations of arsenic (9.9J µg/L) and
barium (29.7 µg/L). Cobalt was present at 206 µg/L. The concentration of iron was 1240 µg/L.
Manganese was present at 5460 µg/L, and nickel at 945 µg/L. Zinc was measured at 41.7 µg/L.

• Cadmium was detected in well MW-2 (2.4 µg/L) and copper in MW-4 (3.4 µg/L).

In the monitoring wells, filtered TAL metals were detected as shown in Table 2-3. The maximum value
for arsenic exceeds the primary MCL for drinking water. The maximum values for iron and manganese
exceed secondary MCLs.

Table 2-3. Summary of Filtered TAL Metals Results for Groundwater at
RQL (concentrations in µg/L)

Analyte No. of Detects Minimum Maximum
Location of
Maximum

Antimony ND
Arsenic 6 3.1 62.7 RQLmw-007
Barium 9 16.7 62.6 RQLmw-007
Beryllium 1 0.91J -- RQLmw-011
Cadmium 1 2.4 RQLmw-002
Chromium ND
Cobalt 6 18.7J 206 RQLmw-006
Copper 1 3.4 RQLmw-004
Iron 9 93.5J 140,000 RQLmw-008
Lead ND
Magnesium 11 9190 67,700 RQLmw-007
Manganese 11 12.6J 6960 RQLmw-005
Mercury 9 0.081J 0.1J RQLmw-011
Nickel 11 15J 945 RQLmw-006
Selenium ND
Silver ND
Thallium 5 1.1J 1.9J RQLmw-008
Zinc 10 29.6 1040 RQLmw-002
Cyanide was not present at concentrations above detection limits in the groundwater at RQL.
ND = not detected
NOTE: Number of detects shown in table includes duplicates as well as primary samples.

VOCs

The occurrence of VOCs was limited to 4 of the 11 monitoring wells during the initial phase of sampling.
No VOCs were reported at concentrations above detection levels in monitoring wells MW-1 through
MW-5, RQLmw-007 or -009. However, VOCs were reported near or below the laboratory detection
levels (estimated quantities) in three monitoring wells. RQLmw-006 had acetone, benzene, and carbon
disulfide (8.1J, 0.52J, and 2.4J µg/L, respectively). Acetone was detected in well RQLmw-008 at a
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concentration of 9 µg/L. RQLmw-010 and -011 both had toluene in low concentrations, at 0.72J and
0.51J µg/L, respectively.

SVOCs

No SVOCs were present at concentrations above detection limits in the groundwater at RQL. Two sets
of SVOC analyses for groundwater samples are presented in Appendix C. Two analyses were required
because matrix spike/matrix spike duplicate recoveries were less than 10%. In addition, surrogate
compound recoveries were zero. Analytical method protocol specified re-extraction and re-analysis of
the samples. Due to the time delay, the re-extraction occurred outside the official holding time and the
subsequent data are qualified as estimated (J flag) or undetected estimated (UJ) with a reason code of
A01 (extraction holding times exceeded). Validation concludes that the original data should be rejected
while the re-analysis should be used with the estimated qualification.

2.1.5 Geotechnical Results

One geotechnical soil sample was collected from each of two representative soil intervals during drilling
of monitoring well boreholes. One geotechnical soil sample each was collected from monitoring well
boreholes RQLmw-006 and RQLmw-011. Soil cover was not present at the remaining boreholes. The
samples were analyzed for grain size, moisture content, Atterberg limits, and Unified Soil Classification,
in accordance with the Sampling and Analysis Plan Addendum for the Groundwater Investigation of
the Former Ramsdell Quarry Landfill (USACE 1998). Results of the geotechnical analyses are
presented in their entirety in Appendix E.

2.1.6 Survey Results

Appendix F presents the survey (X,Y, and Z) coordinates of all sampling points established during the
RQL Groundwater Investigation. Table 2-1 summarizes the elevation data for the six newly installed and
five original monitoring wells, all of which were surveyed in July 1998.

2.2 POND SURFACE WATER AND SEDIMENT SAMPLING

The chemical water quality of the pond at RQL was evaluated through sampling of both surface water
and sediment in the initial phase of the Groundwater Investigation. Because of the potential for
unexploded ordnance (UXO) submerged in the pond, all sampling activities in the RQL pond were
overseen by a certified UXO specialist. No evidence of UXO was encountered during the investigation.
However, non-UXO debris such as steel-reinforced concrete, pipes, scrap metal, culverts, and an empty
metal drum were identified in the pond (see Appendix G).

The RQL pond is shown in Figure 2-1. The pond is small and shallow, and about 50% of its former area
is now vegetated with cattails. Although the pond is underlain by bedrock, thin deposits of fine-grained
sediment have accumulated on top of the rock, in places to a depth of 1.2 m (4 ft) or greater. Portions
of the pond with sufficient water to allow sediment to accumulate are quite limited; however, in the main
body of the pond (northernmost body) the distribution is laterally continuous. Water depths and sediment
thicknesses were measured at each of the sediment sampling stations during sample collection (Table
2-4). The maximum water depth encountered was 0.9 m (3 ft) in RQLsd-022. The maximum depth to
bedrock was encountered at RQLsd-018, where the sediment thickness on top of rock is greater than 1.2
m (4 ft). Appendix H presents the descriptions of all sediments sampled. Sediment depths where cattails
and other vegetation have grown are not known. The pond sediment may reduce the amount of any
hydraulic communication to some degree between the water-bearing zone in the sandstone and the pond,
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especially at times when the water level (i.e., hydraulic head) in the pond is low. However, the limited
thickness and discontinuous distribution across the quarry limits this effect.

Table 2-4.  Sediment Sampling Data, Ramsdell Quarry Landfill Pond

Sediment Sample
Location ID

Sediment
Thickness (ft) Description

RQLsd-012 (-017) 0.6 Poorly sorted gravel, traces of silt and sand, dark grey
RQLsd-013 (-020) 1.25 Silty clay with organic debris and traces of fine sand, light grey
RQLsd-014 (-021) 0.4 Silt with organic debris and traces of gravel, black
RQLsd-015 (-024) 1.8 Silt and clay with traces of gravel, black
RQLsd-018 > 4.0 Silt with coarse sand to medium, organic debris
RQLsd-019 0.5 Clay with silt and traces of gravel, roots, light brown
RQLsd-022 0.45 Silt with gravel and sand, black
RQLsd-023 1.2 Silt with some gravel and clay, dark grey

2.2.1 Survey Results

The field sampling team measured the water level in the pond from the surveyed staff gauge. The water
level elevation at RQL pond at the time of the initial sampling effort was 958.48 ft amsl.

2.2.2 Geotechnical Sampling Results

One geotechnical sample was collected at each of the sediment sampling locations from representative
sediment sampling intervals. The samples were analyzed for grain size, Atterberg limits, and Unified Soil
Classification, in accordance with the Sampling and Analysis Plan Addendum for the Groundwater
Investigation of the Former Ramsdell Quarry Landfill (USACE 1998). Moisture content was not
evaluated because the samples were water saturated. Results of the geotechnical analyses are presented
in their entirety in Appendix E.

2.2.3 Surface Water Sampling Results

The objective of surface water sampling at RQL pond was to determine whether pre-existing
contamination related to past burning activities has impacted sediment or water quality in the pond. Four
locations were selected for surface water sample collection in the initial sampling effort (see Figure 2-1).
These locations are also the sites of four of the eight sediment samples collected as part of this
investigation (see Section 2.2.4). All surface water samples were analyzed for explosives, propellants,
TAL metals, cyanide, VOCs, and SVOCs. Surface water was analyzed for both total (unfiltered) and
dissolved (filtered) metals. Water from the pond will also be collected during the follow-up phases of
sampling and analyzed for the same parameters as in the initial phase. The same location (RQLsw-015)
will be sampled each time for consistency and to establish trends within the main body of the pond over
time. Surface water samples were collected before sediment sampling began, to minimize the likelihood
of sediment suspension affecting surface water quality. The analytical data for surface water collected
during this investigation are presented in Appendix C.

2.2.3.1 Explosives

Explosives were not present at concentrations above detection limits in the surface water at RQL.
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2.2.3.2 Propellants

Propellants were not present at concentrations above detection limits in the surface water at RQL.

2.2.3.3 TAL Metals and Cyanide

Metals were analyzed in both filtered and unfiltered samples from each surface water sampling location.
Both sets of results are discussed below. However, filtered sample results are more representative of the
true composition of the surface water than the unfiltered results. Essential nutrients such as calcium,
potassium, and sodium were present above detection levels in all samples, but are not further discussed
as they are not considered potential contaminants at RQL.

In the unfiltered surface water samples, antimony, beryllium, and silver were not detected. Barium, iron,
magnesium, and manganese were detected in all four samples. The majority of the other metal ions were
found in RQLsw-013, with RQLsw-014 and -015 having only barium, iron, magnesium, manganese,
lead, and zinc above detection limits. The maximum concentration of every TAL metal detected was
found at RQLsw-012. Arsenic concentrations ranged from 23 to 41.7 µg/L. Iron concentrations varied
from 377 to 84,300 ug/L. Lead was present in RQLsw-013 and -012, at 38.2 and 110 µg/L, respectively.
Magnesium was detected at concentrations from 30,800 to 202,000 µg/L, and manganese varied from
67.2 to 5130 µg/L.

Comparison of unfiltered surface water sample data to statewide water quality criteria for the protection
of human health (OAC 3745-1-07) indicated exceedances for iron and manganese. Iron was present
above the criterion for soluble iron (300 µg/L) in all four samples. Manganese also exceeded its criterion
of 50 µg/L (total recoverable) in all four samples. No exceedances were observed for arsenic or zinc.
Nitrate, chloride, dissolved solids, and sulfate also have criteria; however, these constituents were not
analyzed as part of the investigation.

Most of the 23 metals and cyanide in filtered surface water samples were non-detects, with the exception
of iron, magnesium, and manganese. Iron concentrations ranged from 51.5 to 213 µg/L. Magnesium
concentrations ranged from 28,900 to 168,000 µg/L, and manganese from 8.8J to 316 µg/L. The
maximum manganese value exceeds the statewide water quality criterion of 50 µg/L for total recoverable
manganese. Aluminum was also present at RQLsw-012 at 92.9J µg/L, and at 72J µg/L at RQLsw-013.
Arsenic was present at 3.7J µg/L at RQLsw-013. Barium was detected in RQLsw-012 at 45.8J µg/L,
RQLsw-013 at 15.2J µg/L, 38.5 µg/L at RQLsw-014, and 22.9J µg/L at RQLsw-015; however, barium
was also present in laboratory blanks. No other metals were detected in the filtered samples.

2.2.3.4 VOCs

VOCs were not present at concentrations above detection limits in the surface water at RQL.

2.2.3.5 SVOCs

SVOCs were not present at concentrations above detection limits in the surface water at RQL.

2.2.4 Sediment Sampling Results

The objective of sediment sampling was to determine if the former landfill or pre-landfill waste disposal
activities have resulted in a release of contaminants to the pond. Eight locations in the pond were targeted
for sediment sample collection during the initial field effort. These samples were analyzed for explosives,
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propellants, TAL metals, cyanide, VOCs, and SVOCs. The analytical results for sediments (dry weight
basis) are presented in their entirety in Appendix C of this report. Geotechnical analyses of sediments
included grain size, Atterberg limits, and Unified Soil Classification (moisture content was omitted
because the samples were all water saturated). Sediment sampling locations are shown in Figure 2-1.

Sediments were collected at each location from the sediment-water interface to a depth of 0.5 ft below
the interface, or refusal. If there was no refusal, sediment was sampled from 0.5 to 2 ft and, if possible,
from 2 to 4 ft. At RQLsd-018, for example, sampling of sediment was performed in all three depth
intervals, and there was no refusal at 4 ft. At RQLsd-013, sediments were collected at 1.25 ft, and at
RQLsd-023, 1.2 ft. RQLsd-015 was sampled from 0.0 to 0.5 ft and from 0.5 to 2 ft, refusing on
unknown material. All other samples were collected from 0 to 0.5 ft or less.

2.2.4.1 Explosives

Explosives were present in very low concentrations in seven of the eight sediment sampling locations.
A summary of these results is as follows:

• TNT was detected in three locations: RQLsd-012 at 0.021J mg/kg, and RQLsd-018 and RQLsd-019
at 0. 047J mg/kg.

• HMX was detected at five locations. RQLsd-012, -018, -019, -022, and -023 had detections of
HMX in the 0.0 to 0.5-ft interval. In addition, the 0.5- to 2.0-ft  and the 2- to 4-ft intervals in
RQLsd-018 and the 0.5 to 2-ft interval in RQLsd-023 had small quantities of HMX. Concentrations
ranged from 0.11J  to 0.14mg/kg.

• 2,6-DNT was detected in RQLsd-012, RQLsd-022, and RQLsd-023, in concentrations of 0.076J,
0.064J, and 0.34J mg/kg, respectively.

• 2,4-DNT was detected in the 0.5- to 2-ft interval at RQLsd-023.

• 2-Nitrotoluene, 3-nitrotoluene, and 4-nitrotoluene were detected in low, estimated quantities in
RQLsd-013, RQLsd-014, RQLsd-23, and RQLsd-012.

2.2.4.2 Propellants

Propellants were not present in sediments at concentrations above detection levels, with the exception
of three occurrences of nitrocellulose. Nitrocellulose was detected at RQLsd-015 in the 0- to 0.5-ft
sample at 4.3 mg/kg, and in the 0.5- to 2-ft sample at 2.3 mg/kg. Nitrocellulose occurred in the field
duplicate sample of RQLsd-012 (0 to 0.5 ft) at 1.7J mg/kg.

2.2.4.3 TAL Metals and Cyanide

Of the 23 metals analyzed in pond sediments, antimony and silver were never detected above detection
limits. Occurrences of selenium, thallium, and cadmium were limited to five or fewer of the eight
sediment sampling locations. The remaining analytes were present above detection limits in nearly every
sample. In general, where two or more depth intervals were sampled, concentrations of metals decreased
with increasing depth. Sampling location RQLsd-022 had the greatest number (11) of maximum
concentrations of the TAL metals. A summary of the metals results for sediments is shown in Table 2-5.
Where multiple depth intervals were sampled, the depth interval of the maximum concentration is noted.
Cyanide was detected at 2.8 mg/kg in one sediment sample, RQLsd-023, in the 0- to 0.5-ft interval.
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Table 2-5. Summary of TAL Metals Results for
RQL Pond Sediments (concentrations in mg/kg)

Analyte No. of Detects Minimum Maximum Location of Maximum

Arsenic 12 7.6 32.5 RQLsd-022

Barium 12 33J 145 RQLsd-022

Beryllium 9 0.33 0.65 RQLsd-018, 0.5- to 2 ft

Cadmium 4 1.4 6.4 RQLsd-018

Chromium 12 8.7 30.9 RQLsd-022

Cobalt 12 5J 33.6 RQLsd-022

Copper 12 19.5 134 RQLsd-022

Iron 12 13,700 54,500 RQLsd-018, 0.5- to 2 ft

Lead 12 21.1 87.2 RQLsd-022

Magnesium 12 1300J 58,000J RQLsd-022

Manganese 12 189J 2590J RQLsd-022

Mercury 12 0.033J 0.89J RQLsd-012

Nickel 12 12.8 86.8 RQLsd-022

Selenium 5 0.6 2 RQLsd-013, 0- to 0.5 ft

Thallium 3 1.2 1.9 RQLsd-022

Vanadium 12 9J 40.7 RQLsd-013, 0- to 0.5 ft

Zinc 12 100 894 RQLsd-022

2.2.4.4 VOCs

VOCs were reported at concentrations near the laboratory detection levels in sediment. Acetone was
detected in every sampling location except for RQLsd-019. Concentrations of acetone ranged from 3.7J
to 26J µg/kg, with the highest concentration encountered at 0.5 to 2 ft in RQLsd-024. 2-Butanone was
detected in RQLsd-013, -015, and -023 at concentrations ranging from 6.5J to 10J µg/kg. There was one
occurrence of methylene chloride above detection levels, in RQLsd-019 at 0.73 µg/kg.

2.2.4.5 SVOCs

Polynuclear aromatic hydrocarbons (PAHs) were detected in five of the eight sampling locations. At
RQLsd-012, -014, -015, -018, and -023, PAHs such as benzo(a)anthracene, fluoranthene, pyrene, and
others were detected at concentrations ranging from 65J to 2000 µg/kg. This maximum value (for
phenanthrene) was observed in the 0- to 0.5-ft sample at RQLsd-012. Some PAHs were also detected
in the 0.5- to 2-ft intervals at RQLsd-015 and -023. PAHs were not detected in samples from RQLsd-
013, -019, or -022.

2-Methylnaphthalene and acenaphthene were detected in the 0- to 0.5-ft sample at RQLsd-012, at 110J
and 340J µg/kg, respectively.
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2.2.5 Continuous Water Level Data Collection

In order to monitor water levels in RQL pond continuously until the completion of all groundwater and
surface water sampling activities performed as a part of this Groundwater Investigation, a staff gauge
with automated data collection capability was installed at the pond in July 1998. Figure 2-6 is a
photograph of the completed platform and staff gauge.

The data logger collects and records water level data on a daily basis for the duration of sampling
activities at RQL. The data will be downloaded to a notebook computer on site, at a minimum, during
every groundwater sampling event or manual water level measurement event. Because the electronic
pressure transducer used to automatically record data is submerged, it must be removed during the
months in which the pond freezes. A visual gauge (scaled to 0.10 ft) installed on the platform can be
used during winter months and is visible from the shore.
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3.0 CONCLUSIONS

The results of the initial phase of sampling and measurements at RQL provide an assessment of summer
conditions at the site. Follow-up work will provide information on temporal variations in groundwater
and surface water chemistry, groundwater flow directions, and the degree of connectivity between RQL
pond and the shallow groundwater system.

3.1 GROUNDWATER CONDITIONS AND QUALITY

• Groundwater flow is to the northeast across the site under a gentle (0.008) gradient.

• Shallow groundwater occurs within both primary and secondary porosity in the highly fractured,
highly weathered Sharon sandstones.

• Groundwater in upgradient well RQLmw-006 contains low concentrations of the explosives RDX
and 1,3-dinitrobenzene. These compounds also occur in one or more of the downgradient wells. The
propellant nitroglycerine was found in the upgradient well, with the only other occurrence in
RQLmw-008.

• Cobalt, nickel, and arsenic were identified in filtered samples from RQLmw-006 and five or more
downgradient wells.

• SVOCs and VOCs were not present above detection levels in groundwater.

• Cyanide was not detected in groundwater.

• Vertical movement of groundwater and a substantial degree of interconnection may explain the
similarities in water levels observed in the original wells, screened in deeper stratigraphic intervals,
and the new wells, installed in shallow bedrock.

3.2 SURFACE WATER/SEDIMENT CONDITIONS AND QUALITY

• The elevation of the water surface in the pond during the initial sampling event was 958.48 ft amsl
at the staff gauge. The staff gauge was set at the location where the pond is deepest.

•  Surface water samples contained no explosives, propellants, VOCs, or SVOCs in concentrations
above detection limits. Iron, magnesium, and manganese were the most frequently detected metals,
with two or fewer occurrences each of arsenic, barium, and aluminum.

• Sediment samples exhibited the greatest amounts of explosives and other contaminants in the 0- to
0.5-ft interval. HMX was found in five of the eight locations, and at depths of 0.5 to 2 ft or greater
in two of these. Nitrocellulose occurs in RQLsd-015, where no explosives were detected, and in
RQLsd-012, in concentrations less than 5 mg/kg. PAHs were also present in five of the eight
sampling locations and may reflect the former sites of open burning of wastes. These occurrences
may result from either runoff or incipient contamination from historical operations on the quarry
floor.
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• Sediment has accumulated to a depth of 1.2 m (> 4 ft) at some locations in the pond. Water depth
varies from 0 to 1m (0 to 3.18 ft). Thick sediment accumulations may diminish the amount of
hydraulic communication between the pond and the shallow water-bearing zone.

• The potential connection between the pond and the shallow groundwater system cannot be discerned
with only the initial data.

3.3 FOLLOW-UP INVESTIGATION

Five additional groundwater and surface water sampling events will follow the initial phase. These
additional events began in September 1998. In addition, water level measurements will continue to be
monitored daily in the six newly installed wells, monthly in the previously existing wells at RQL, and
daily in RQL pond. As the data are assembled and analyzed, results will be reported to USACE each
quarter. Upon completion of a full year of sampling of groundwater at RQL, an annual report will be
prepared to integrate the observations made throughout a full year of water quality monitoring.
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