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1.0 EXECUTIVE SUMMARY

This report presents the results of an in-situ groundwater remediation technology study involving
the use of zero valence iron. Results of a full-scale, year-long demonstration evaluation is
provided along with details related to the design, construction and monitoring of this system.
Treatment effectiveness and hydraulic performance measurements are provided along with
recommendations for future application of this technology. This report is intended to serve as
the basis for future decisions regarding the use of the zero valence iron technology as part of a
final remedy for groundwater contamination.

This study has been authorized and has been conducted in accordance with the requirements of
Delivery Order 0031 of the Parsons Engineering Science (Parsons ES) contract with the US
Army Corps of Engineers, Huntsville Center of Engineering Support, Contract Number
DACA87-92-D0022. During the project, the Seneca Army Depot Activity (SEDA), US Army
Corps of Engineer, Huntsville Center for Engineering Support, the US Army Corps of Engineers,
New York District, the US Army Environmental Center, the US Environmental Protection
Agency (USEPA) and the New York Department of Environmental Conservation (NYSDEC)
provided oversight and valuable suggestions and comments. Guidance for evaluation of this
technology was obtained from the Interstate Technology and Regulatory Cooperation (ITRC)
Permeable Barriers Subgroup. The methods and the procedures followed for evaluation of this
technology was described in the “Workplan for Evaluation of a Permeable Reactive Wall”,
(Parsons ES, 1998).

The site selected for the study is the Ash Landfill Operable Unit. The Ash Landfill Operable
Unit is located within the Seneca Army Depot Activity (SEDA). The SEDA is a 10,587-acre
military facility located in Seneca County, Romulus, New York. The facility is located in an
uplands area between two of the New York Finger Lakes, Cayuga Lake on the east and Seneca
Lake on the west. The depot has been owned by the United States Government and operated by
the Department of the Army since 1941. The primary military mission of the depot had been the
storage and management of various military items, including munitions. However, since 1995,
the SEDA has been undergoing Base Realignment and Closure (BRAC). The military mission at
the SEDA will end in July 2000. Environmental closure of sites within the depot will continue
beyond the termination of base for military purposes.

Since 1989, the SEDA has been listed on the federal facility list of National Priority List (NPL)
of Comprehensive Environmental Restoration, Compensation and Liability Act (CERCLA) sites.
Shortly after the NPL listing of the SEDA, the US Army entered into a Federal Facility
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Agreement (FFA) with the US Environmental Protection Agency (USEPA) and the New York
State Department of Environmental Conservation (NYSDEC). The FFA describes the process to
be followed for identification, evaluation and eventual closure of all sites located within the
depot. The Ash Landfill Operable Unit has been investigated and evaluated following the
requirements of CERCLA. A remedial investigation (RI) and a feasibility study (FS) had been
completed at the Ash Landfill Operable Unit prior to the performance of this study.

The Ash Landfill Operable Unit is located along the western boundary of SEDA. The area of the
Ash Landfill Operable Unit is approximately 23 acres. The Ash Landfill Operable Unit was a
location of solid waste disposal activities for several years. Although specific details of the
operation remain unknown, solid waste was stored, incinerated and buried at the Ash Landfill
Operable Unit during the years of operation. Ash from the on-site municipal incinerator was
cooled and landfilled near the incinerator. The operable unit was named after this landfill but the
Ash Landfill Operable Unit includes several other sites adjacent to the landfill. The Ash Landfill
Operable Unit is comprised of five Solid Waste Management Unit (SWMU)s including: the
Incinerator Cooling Water Pond (SEAD-3), the Ash Landfill (SEAD-6), the Non-Combustible
Fill Landfill (NCFL) (SEAD-3), the Refuse Burning Pits (SEAD-14) and the Abandoned Solid
Waste Incinerator Building (SEAD-15). The Ash Landfill (SEAD-6) also includes a
groundwater plume that emanates from the northern corner of the Ash Landfill.

The Ash Landfill Operable Unit includes a dissolved groundwater plume, which is the focus of
this technology evaluation. The source of the plume was leaching of chlorinated solvents from
soils adjacent to and within the northern corner of the Ash Landfill. Presumably, this material
was residue from degreasing operations within the depot during the 1960s and 1970s. The
groundwater plume extends approximately 1,500 feet west and consists primarily of dissolved
trichloroethene (TCE) and 1,2-dichloroethene (c1,2-DCE). Vinyl chloride (VC) was detected in
a limited number of wells located within the area considered to be the source of the groundwater
plume. However, VC was not detected in wells downgradient of the source area. The maximum
width of the plume is approximately 650 feet. Vertically, the plume is believed to be restricted
to the upper till/weathered shale aquifer and is not present in the deeper competent shale aquifer.

Zero valence iron technology was identified as a cost-effective remedial technology following
the assembly and evaluation of remedial alternatives that was conducted as part of the Feasibility
Study (FS), (Parsons ES, 1996). In-situ treatment was determined to be a cost-effective
alternative compared to other groundwater extraction, treatment and discharge options. The
advantages of in-situ treatment include low capital costs, ease of constructability and continual

treatment during periods of low water conditions when pumping would be impractical. In

PAPIT\Projects\SENECAVMIRONTRNC\DraftMemo\final\Sec-1.doc August 2000
. Page 1-2



Seneca Army Depot Activity Draft Ash Landfill Feasibility Memorandum

addition, with closure of SEDA, in-situ treatment using a chemical reactant, such as zero valence
iron, is preferred over other in-situ technologies, such as air sparging, since a chemical reactant
does not require operation and maintenance of a mechanical sparging system. Low operational
requirements would reduce the Army’s long-term labor commitment to the site, which is

consistent with the Army’s objective to minimize the Army’s long term presence at the depot.

Since the technology is considered innovative, the Army committed to demonstrate the
technology because of concerns regarding the effectiveness of the technology. Expected
" treatment effectiveness, design criteria, susceptibility to fouling, constructability and cost data
were identified as key components that supported the decision to conduct the study. This report
describes the results of several phases of work including: the design of the in-situ reactive wall,

the construction of the reactive wall and the year-long groundwater monitoring program.

The initial phase of work involved the design of the reactive wall. Section 4 provides a
description of the design process. The initial aspect of the design involved groundwater
modeling of the Ash Landfill Operable Unit. The purpose of this effort was to select an optimal
configuration for in-situ groundwater treatment. One option considered was the funnel and gate
configuration. The other option involved a continuous, permeable wall. Groundwater mounding
was identified as a drawback of the funnel and gate option at the Ash Landfill. Based on the
results of the groundwater modeling, it was decided to abandon the funnel and gate configuration
and focus the design and the demonstration study on the continuous permeable wall
configuration.

The zero valence iron technology has been developed and patented by researchers from the
University of Waterloo, Waterloo Canada, (Gilliam and O’Hannesin). Envirometals Inc. (ETT) is
the sole license holder of this technology. During the design phase of this study, Parsons ES
retained ETI to provide consultation in the design. ETI performed predictive modeling to
determine the required residence time from influent groundwater concentrations and expected
groundwater velocities in the vicinity of where the reactive wall was to be installed. These
parameters were obtained from site data collected during the RI.

It was determined to install the reactive barrier wall near the downgradient portion of the plume,
within the boundary of the depot. This location was selected because it would be within the
secured boundary of the depot and the concentrations of the plume were thought to be consistent,
The expected groundwater concentration of dissolved chlorinated ethenes was approximately
100 ng/L. The expected groundwater velocity was approximately 0.17 feet/day. From this data
and the degradation models, ETI recommended a retention time of 1.2 days. Modeling,
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performed by ETI indicated that a retention time of 1.2 days would be sufficient to complétely
degrade TCE and c1,2-DCE to ethene and ethane. A groundwater velocity of 0.17 feet/day
would correspond to a required trench width of 0.24 feet (3 inches) using 100% iron.

The installation of the reactive barrier wall was completed in one week in December 1998. This
required the coordinated effort of several contractors. Materials testing were performed in the
weeks preceding the actual installation. Reactive iron was purchased from Peerless Metal
Powders and Abrasive of Detroit Michigan and shipped to the site in 3000-1b sacks. A local
supplier of clean sand was selected prior to the reactive barrier wall construction, These

materials met the requirements of technical specifications that were prepared for this installation.

The installation of the reactive wall was performed with a continuous trenching excavator. The
continuous trenching excavator placed the reactive iron and sand mixture and excavated soil
from the trench in one continuous process. This eliminated the need for shoring, in}cr'eased_
worker safety and increased the efficiency of the construction process. The width of the trencher
was fixed at 14-inches. The backfilled sand and reactive iron material formed the permeable
reactive wall. Both the reactive material and the backfill were of a higher hydraulic conductivity
than the surrounding soils, which would eliminate the potential for mounding since there should
be no additional resistance to flow through the trench. The permeability of the mixed soil and
reactive iron, (48% reactive iron/52% sand) was measured at 21.0 feet/day (7.4 x 10-3 cm/sec)
by the falling head method.

To ensure adequate contact, the wall was placed perpendicular to groundwater flow. The length
of the reactive wall encompassed the entire width of the plume, which was 650 feet. The wall
was installed from approximately 6 inches below the ground surface to the competent bedrock,
approximately 7 to 12 feet below ground surface. The wall-was 14 inches wide. The depth and
length of the reactive wall ensured continuous contact with groundwater, regardless of the
fluctuation of groundwater.

A total of eleven (11) monitoring wells were installed within, upgradient and downgradient of
the reactive wall. Three (3) clusters of three wells were positioned along the reactive wall to
facilitate groundwater sample collection. An additional monitoring well was installed at both
ends of the wall. All wells were 2-inch diameter PVC wells except the three (3) monitoring
wells within the reactive iron. The wells installed within the reactive iron were 1-inch diameter
wells. Well screen lengths varied between 5 and 10 feet, depending upon the thickness of the
till. The well screen spanned the entire vertical thickness of the reactive barrier wall.
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Following installation of the reactive barrier wall and the eleven monitoring wells, a year- long
monitoring program was conducted. Groundwater samples were collected from all eleven
monitoring wells and analyzed for volatile organic compounds, metals, pH, specific
conductivity, redox potential, dissolved oxygen (DO), ferrous iron (Fe+2), methane, ethane,
ethene, dissolved organic carbon (DOC), nitrate/nitrite (NO3/NO3), alkalinity, sulfate (SO4) and
chloride (Cl-). Four quartérly groundwater sampling events were performed for the eleven wells
associated with the reactive barrier wall. The first sampling quarter was April 1999,
approximately three months after reactive wall installation. In addition, two complete sampling
events were conducted for all monitoring wells.

Slug tests were conducted in each upgradient and downgradient monitoring well following the
installation of the reactive wall. The slug tests were conducted in May 1999 to allow for
. complete consolidation of the reactive iron following the rise in the water table due to spring
recharge. Data from the slug testing is present in Appendix B. Since the reactive wall was only
14-inches thick, wells within the reactive iron were not slug tested to avoid influencing the
groundwater concentration within the wall. Hydraulic. conductivity measurements of the reactive
iron and sand mixture had already been tested, prior to installation. In addition to quarterly
sampling of wells, water level measurements were made on a monthly basis to observe-the
potential for mounding due to fouling of the reactive iron.

The results of the slug testing in the upgradient and downgradient locations indicated that the
aquifer material in the area surrounding the reactive barrier wall was more conductive than other
areas of the site. The range of hydraulic .conductivity measurements in the eight (8) upgradient
and downgradient wells surrounding the reactive barrier wall was 0.4 feet/day to 55 feet/day,
with the average of the measurements being 17.7 feet/day. The range of hydraulic conductivity
data, obtained during the Rl for the glacial till/weathered shale over the entire site, was 0.088
feet/day to 12.7 feet/day. Twelve (12) hydraulic conductivity measurements were made during
the RI. The average hydraulic conductivity for the wells screened in the till/weathered shale
material was 0.77 feet/day. This suggested that the velocities through the reactive wall would be
faster than expected and the retention time required to achieve complete degradation of the target
compounds would not be sufficient, even though the amount of iron installed in the trench was at
least twice as much as what was required.

The analytical results from groundwater samples were used to evaluate the effectiveness of the
treatment process. Treatment effectiveness was determined by comparison of the upgradient
monitoring well data to the analytical data collected from wells located within the reactive wall.

Downgradient monitoring well data were not considered as an indicator of the treatment

P:\PIT\Projects\SENECA\IRONTRNC\DraftMemo\final\Sec-1.doc August 2000
Page 1-5



Seneca Army Depot Activity ' Draft Ash Landfill Feasibility Memorandum

effectiveness because groundwater at the downgradient location is affected by the dilution of
clean water, out of the reactive wall, with residual contaminant concentrations that remain within
the aquifer. Eventually flushing of residual concentrations would yield data that would represent
effluent reactive wall concentrations but this was not observed during this study. Groundwater
concentrations observed at the downgradient location were therefore not used to determine the
treatment effectiveness.

There are several indications that the reactive wall is actively degrading chlorinated
contaminants. The measured Eh values from within the reactive wall ranged from 90.1 mV to
-404.3 mV, which is consistent with reducing conditions. pH measurements ranged from 7.83
to 9.74, which are also indicative that iron is reacting with chlorinated organics. Concentrations
of the degradation endpoints, methane, ethene and ethane, were measured in wells within the
reactive wall and downgradieﬁt monitoring wells, These are all strong indications that the
reactive iron technology is operating as expected. The remaining question is how effective is the
technology in achieving the required target contaminant levels. This is addressed with a review
and evaluation of the analytical groundwater monitoring well data.

Significant reductions in the concentrations of TCE were observed between the upgradient
monitoring wells and the reactive wall wells at each monitoring well cluster. The concentration
of TCE at each of the three monitoring wells located within the reactive barrier wall was non-
detectable for each of the four quarterly rounds of sampling. This data is indicative that the
technology is successful in removing TCE to below the target levels. In particular, the
monitoring well cluster that included MWT-7 and MWT-8, located in the southernmost portion
of the reactive wall, showed the most dramatic reductions. At this cluster, the influent
concentration of TCE at MWT-7 in June 1999, was 530 pg/L, whereas the concentration within
the trench at MWT-8 was below detectable limits at less than 2 pg/L. This corresponds to a
removal efficiency of better than 99.6%. Removal efficiencies of similar degree of removal has
been observed during the other three quarterly monitoring events. At the two other monitoring
well cluster locations the removal efficiency is less but only because the influent concentration
was less.

The removal efficiencies for the breakdown product, cis 1,2-dichloroethene (c1,2-DCE), which
is known to be more difficult to degrade than TCE, are less dramatic but do indicate that the
technology is effective in removing this contaminant. For example, during the April 1999
monitoring event, the influent concentration of c¢1,2-DCE at MWT-4, the upgradient monitoring
well at the middle monitoring well cluster location, was 49 ug/L, whereas the concentration of
¢1,2-DCE at MWT-35, the monitoring well within the reacti\{e barrier wall, was below detectable
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levels at 0.7 ug/L. This corresponds to a removal of 98.5%. However, during the next
monitoring round in June 1999, the upgradient concentration at MWT-4 was 82 ug/L, whereas '
the concentration of ¢1,2-DCE at MWT-5 was 20 ug/L. This corresponds to a removal of 75.6%.
It is unclear why these removal efficiencies varied.

Several factors are likely contributing to the lower than expected reductions of c1,2-DCE. 1t is
possible that the high influent concentrations of TCE may have produced ¢1,2-DCE as a
breakdown product within the wall. Due to this additional loading, the residence time was not
sufficient to account for ¢1,2-DCE being produced within the wall. Concentrations of TCE
entering the trench were approximately 500 ug/L, which was higher than the 260 ug/L. design
concentration. Additionally, hydraulic conductivities were also variable and appear to be related
to the anisotropy of the aquifer. Following the installation of the reactive wall, in-situ hydraulic
conductivity measurements were made at the newly installed monitoring wells, upgradient,
within the wall and downgradient of the wall. The range of hydraulic conductivity
measurements in the wells surrounding the reactive barrier wall was between 0.4 feet/day to 55
feet/day, with the average of the measurements being 17.7 feet/day. The higher values were
over ten times higher than any previously measured value at the site.

Probably the most significant factor is the retention time. If the retention time within the
reactive wall is less than expected due to higher velocities, then the retention times within the
reactive wall will be less than that required by the design. The design residence time was
established at 1.25 days. Residence times through the wall were halved to account for the fact
that the reactive wall is a mixture of 50% reactive iron and 50% clean sand. The range of
equivalent reactive iron wall residence times is 0.09 days to 2.7 days, with the average of the
residence times being 1.12 days.

The design velocity was established at 0.17 feet/day. Excluding the instances of reverse flow
caused by a change in gradient, the groundwater velocities through the trench ranged from 0.22
feet/day to 6.8 feet/day over the year iong study. The average of these measurements is 1.2
feet/day.

The technology appears to be a viable technology, however, future applications at this site will
require longer reactive iron residence times in order to meet the targeted groundwater levels.
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2.0 ° SITE BACKGROUND
2.1  SITE LOCATION

The SEDA is a former military facility, constructed in 1941 that has been undergoing Base
Realighment and Closure (BRAC) since 1995. The depot is located approximately 40 miles south
of Lake Ontario, near Romulus, New York as shown in Figure 2-1. ‘The facility is located in an
uplands area, at an elevation of approximately 600 feet Mean Sea Level (MSL), that forms a divide
separating two of the New York Finger Lakes, Cayuga Lake on the east and Seneca Lake on the
west. Sparsely populated farmland covers most of the surrounding area. New York State
Highways 96 and 96A adjoin SEDA on the east and west boundaries, respectively.

The Ash Landfill Operable Unit is situated on an upland area along the western border of the
SEDA. The Operablé Unit is bounded on the north by Cemetery Road, on the east by the Seneca
Army Depot Railroad line, and on the south by open grassland and brush. Beyond the depot's
western boundary, on Smith Farm Road and along Route 96A, are farmland and residences, A
map identifying the location of the site on the depot is included as Figure 2-2. This map also
provides the future land areas of the depot that have guided the BRAC closure process. The Ash
Landfill Operable Unit is located within the area that has been designated for use as a
conservation/recreational area.

A site map of the Ash Landfill Operable Unit, identifying the location of the Solid Waste
Management Unit (SWMU)s, is provided as Figure 2-3. The Ash Landfill Operable Unit is
comprised of five SWMUs including: the Incinerator Cooling Water Pond (SEAD-3), the Ash
Landfill (SEAD-6) the Non-Combustible Fill Landfill (NCFL) (SEAD-8), the Refuse Burning
Pits (SEAD-14) and the Abandoned Solid Waste Incinerator Building (SEAD-15). SEAD-14 is
also known as the Debris Piles. A groundwater plume that emanated from the northern corner of
the Ash Landfill area is also provided in Figure 2-3. The groundwater plume is shown
following completion of a Non-Time Critical Removal Action (NTCRA) that was conducted by
the Army in 1994-1995. Remediation of this groundwater plume is the focus of this
demonstration study.

2.2 SITE GEOLOGY/HYDROGEOLOGY

The site is underlain by a broad north-to-south trending series of rock terraces covered by a

mantle of till. As part of the Appalachian Plateau, the region is underlain by a tectonically
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undisturbed sequence of Paleozoic rocks consisting of shales, sandstones, conglomerates,
limestones and dolostones. At the Ash Landfill site, these rocks (the Ludlowville Formation) are
characterized by gray, calcareous shales and mudstones and thin limestones with numerous
zones of abundant invertebrate fossils. Locally, the shale is soft, gray, and fissile. Pleistocene
age (Late Wisconsin age, 20,000 years bp) till deposits overlie the shales, which have a thin (2 to
3 feet) weathered zone at the top. The till matrix varies locally but.generally consists of horizons
of unsorted silt, clay, sand, and gravel. The soils at the site contain varying amounts of inorganic
clays, inorganic silts, and silty sands. At the Ash Landfill Operable Unit, the thickness of the till
generally ranges from 4 to 15 feet. At the location of the continuous reactive wall system, the
- thickness of the till and weathered shale is approximately 8 to 12 feet.

Groundwater is present in both the shallow till/weathered shale aquifer and in the deeper
competent shale aquifer. In both aquifers, the predominant direction of groundwater flow is to
the west, toward Seneca Lake.

The hydraulic conductivity of the till and the weathered shale zone ranged between 0.001035
feet /min (5.3 x 10-4 cm/sec) to 0.00006083 feet/min (3.9 x 10-3 cm/sec), with the average being
0.000535 feet/min (4.6 x 10-4 cm/sec). The weathered shale eventually transitions to a
competent shale. The hydraulic conductivity of the competent shale ranged between 0.000245
feet/min (1.2 x 10-4) to 0.00000039 feet/min (1.9 x 10-7 cm/sec), with the average being
0.0000727 (3.7 x 10-5 cm/sec). These soils are generally considered to be poorly draining.

2.3 SITE HISTORY

Since its inception in 1941, SEDA's primary mission had been the receipt, storage, maintenance,
and supply of military items.

The SEDA was proposed for the National Priority List (NPL) in July 1989. In August 1990,
SEDA was finalized and listed in Group 14 on the Federal Section of the National Priority List
(NPL). The EPA, NYSDEC, and the Army entered into an agreement, called the Federal Facility
Agreement (FFA), also known as the Interagency Agreement (IAG). This agreement determined
that future investigations were to be based on CERCLA guidelines, RCRA was considered to be
an Applicable or Relevant and Appropriate Requirement (ARAR) pursuant to Section 121 of
CERCLA. In October 1995, SEDA was designated as a facility to be closed under the provisions
of the Base Realignment and Closure (BRAC) process. o
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Prior to the development of the Ash Landfill site, the land in this area was used for farming.
From 1941 (the date SEDA was constructed) to 1974, uncontaminated trash was burned in a
series of burn pits near the abandoned incinerator building (Building 2207). According to a U.S.
Army Environmental Hygiene Agency (USAEHA) Interim Final Report, Groundwater
Contamination Survey No. 38-26-0868-88 (July 1987), from 1941 until the late 1950's or early
1960's, the ash from the refuse burning pits was buried in the Ash Landfill (SEAD-6).

The incinerator was built in 1974. Between 1974 and 1979, materials intended for disposal were,
transported to the incinerator. The incinerator was a multiple chamber, batch-fed 2,000 pound
per hour capacity unit which burned rubbish and garbage. The incinerator unit contained an
automatic ram-type feeder, a refractory lined furnace with secondary combustion and settling
chamber, a reciprocating stoker, a residue conveyor for ash removal, combustion air fans, a wet
gas scrubber, an induced draft fan, and a refractory-lined stack (USAEHA, 1975). Nearly all of
the approximately 18 tons of refuse generated per week on the depot were incinerated. The
source for the refuse was domestic waste from depot activities and family housing. Large items
that could not be burned were disposed of at the NCFL (SEAD-8). The NCFL is approximately
two acres and is located southeast of the incinerator building (immediately south of the SEDA
railroad line). The NCFL was used as a disposal site for non-combustible materials, including
construction debris, from 1969 until 1977.

Ashes and other residues from the incinerator were temporarily disposed in an unlined cooling
pond immediately north of the incinerator building. The cooling pond consisted of an unlined
depression approximately 50 feet in diameter and approximately 6 to 8 feet deep. When the
pond filled, the fly ash and residues were removed, transported, and buried in the adjacent ash
landfill east of the cooling pond. The refuse was dumped in piles and occasionally spread and
compacted. No daily or final cover was applied during operation. The active area of the Ash
Landfill extended at least 500 feet north of the incinerator building, near a bend in a dirt road,
based on an undated aerial photograph of the incinerator during operation. A fire destroyed the
incinerator on May 8, 1979, and the landfill was subsequently closed. The landfill was
apparently covered with native soils of various thicknesses but has not been closed with an
engineered cover or cap. Other areas on the site were used for a grease pit and burning of debris.
The Ash Landfill Operable Unit was initially estimated to encompass an area approximately 130-
acres. This larger area was investigated to ensure that no, previously unknown, waste disposal
areas were overlooked. Following the remedial investigation the area of the Ash Landfill

Operable Unit was refocused to an area of approximately 23 acres.
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The first phase of RI fieldwork was completed in January 1992. The RI report was prepared in
two phases. The first document provided was the Preliminary Site Characterization Summary
Report (PSCR) submitted on April 27, 1992. The PSCR constituted the first four chapters of the
RI and was intended to: provide a description of the site conditions, present the Phase 1 data, and
identify any data gaps . The PSCR served as the basis for the second phase of data collection.
Phase 2 fieldwork was completed in April 1993. The RI report was submitted final on October
3, 1994.

The nature and extent of the constituents of concern at the Ash Landfill were evaluated through
the comprehensive RI program. The primary media investigated at the Ash Landfill were soil,
surface water and sediment from Kendaia Creek, on-site wetlands, drainage swales, and
groundwater, The primary constituents of concern at the Ash Landfill are Volatile Organic
Compounds (VOC) (primarily chlorinated- and aromatic compounds), semivolatile organics,
mainly Polynuclear Aromatic Hydrocarbons (PAHs), and, to a lesser degree, metals. The
constituents of concern are believed to have been released to the environment during former
activities conducted at the Ash Landfill Operable Unit.

A Non-Time Critical Removal Action (NTCRA), also known as an Interim Removal Measure
(IRM), was conducted by the Army between August 1994 and June 1995, under the requirements
of the CERCLA, as amended. The NTCRA successfully eliminated continued leaching of VOCs
to groundwater associated with this operable unit The removal action consisted of excavation
and thermal treatment of VOC-impacted soils using Low Temperature Thermal Desorption
(LTTD). The action thermally treated VOCs and PAHs in soils at two source areas near an area,
along a winding access road, near the northwestern edge of the Ash Landfill. Sampling
performed during the RI identified elevated concentrations of VOCs and PAHs to be present.
This area was named the “Bend in the Road” area.

The treatment of soils involved two distinct source areas at the “Bend in the Road” area. Soil
within this area was identified during the RI as the source of groundwater contamination. One of
the goals of the IRM was to eliminate the source of groundwater pollution. Approximately
35,000 tons of soil were excavated from the two source areas and heated to 800-9009F in the
LTTD system. After the soil was heated and cooled, soil was tested prior to backfilling into the
excavation area. Following backfilling and proper grading for drainage control, a vegetative
cover was established to prevent erosion. Sampling and analysis of the excavated and treated
soil material indicated that these soils were successfully treated and met the VOC clean-up
criteria for the project.
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The IRM thermal treatment project provided a positive benefit for the long-term remedial action
by eliminating continued leaching of VOCs into groundwater and preventing further exposure to
humans and wildlife. In the several years that have passed since the IRM, the positive benefits
of the IRM have been observed as the concentration of groundwater in this area has decreased
over 100 fold.

Treatment of wastewater and monitoring of air dispersion impacts were also performed as part of
the NTCRA. Wastewater in the excavation areas (consisting of infiltrating groundwater,
precipitation, runoff, and water generated from other project operations) was collected, pumped,
and treated by an on-site water treatment system prior. to discharge in a nearby field. The treated
water met the requirements of the NYSDEC groundwater criteria for a Class GA groundwater.
Class GA groundwater means that the groundwater is suitable for usé as a source of potable
water..

The maximum concentration of TCE in soil at the “Bend in the Road” area, prior to the non-time
critical removal action, was 540,000 pg/Kg or 540 mg/kg. The maximum concentration of
trichloroethene in soil following thermal treatment was 46 ug/kg or 0.046 mg/kg. This is a
reduction in concentration of approximately 10,000. Of the 156 valid soil samples collected
from the treated soil, excluding duplicates, only this one sample was detected above the Practical
Quantitation Limits (PQL) of the analytical method. These samples represent soil from
approximately 150 cubic yard piles of soil that had been thermally treated, prior to replacement
in the excavation. The typical PQL for trichloroethene in soil was approximately 10 pg/kg.
Following analytical documentation that treatment had been successful, the soil was placed back
to the excavation. |

Prior to full operation, a prove-out test was performed to document the effectiveness of the
proposed thermal treatment technology and evaluate the potential for the treated soil to leach
metals. Thermal treatment is not effective in removing metals from soil. A total of 89 post
treatment soil samples were collected and analyzed for the 8 Toxicity Characteristics Leaching
Procedure (TCLP) metals following treatment. The 8 metals that are included in the TCLP test
are: arsenic, barium, cadmium, chromium, lead, mercury, selenium and silver.

The treated soil was tested to evaluate the potential for metals in soil to leach and ensure that the
leachable levels did not exceed hazardous waste characteristic levels. The TCLP test is an EPA
RCRA test that is used to assess the potential for a waste to leach. It is also used to classify
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waste as hazardous. Of the 8 TCLP metals lead was used as an indicator metal. Lead was
chosen as the indicator metal due to the toxicity of lead, the potential to leach and the
concentrations of lead in soil that were measured during the RI.

The TCLP metal analytical data indicated that the maximum concentration of leachable lead in
the soil samples associated with the IRM thermal treatment project was 814 pg/L. The
regulatory limit for the RCRA characteristic of toxicity for lead, using the TCLP test, is 5,000
pg/L, therefore no soil tested were found to be a RCRA characteristic hazardous waste.
Numerous TCLP sample results for leachable lead in soil were non-detectable. Total
concentrations of lead in soil were not measured during the IRM. The concentration of total
lead in soil was measured during the RI in the area of the IRM. Total lead in soil measured in
the area of the IRM ranged from 4.1 mg/kg to 696 mg/kg. The highest concentration of total
lead in soil measured during the RI was 2,890 mg/kg. This sample was obtained from one of the
* surface debris piles.

The primary VOCs in soils at the Ash Landfill site were cis 1,2-dichloroethene (c1,2-DCE)
© (maximum=79 mg/kg), trichloroethene (TCE) (maximum=540 mg/kg), and vinyl chloride (VC)
(maximum=1.0 mg/kg). The highest concentrations of these compounds were measured in a
two-acre area, located in the northwestern corner of the Ash Landfill, near a bend in the access
road. The primary aromatic constituents of concern were xylene (maximum=17 mg/kg) and
toluene (maximum=5.7 mg/kg). The semivolatiles of principal concern were Polynuclear
Aromatic Hydrocarbons (PAH)s. PAHs were measured at concentrations above the NYSDEC
Technical and Administrative Guidance Memorandum (TAGM) cleanup guidelines. The metals
that were detected at elevated concentrations in soils were coppér (maximum=836 mg/kg), lead
(maximum=2,890 mg/kg), mercury (maximum=1.2 mg/kg) and zinc (maximum=55,7000
mg/kg). The highest concentrations of metals were detected in the surface soils of the debris
piles. The debris piles are small surface features and do not extend into the subsurface. The
extent of the aromatics in the horizontal direction was smaller than that for the chlorinated
volatile organics (approximately one-half acre). The vertical impacts extended from the land
surface to 4 feet below the surface (above the water table).

No volatile or semi-volatile organic compounds were detected in any of the on-site surface
waters or Kendaia Creek. Kendaia Creek has been classified by NYSDEC as a Class C stream.
The on-site drainage ditches and wetlands have not been classified by NYSDEC. The on-site
wetlands and drainage ditches do not contain surface water throughout the entire year
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24 SITE GROUNDWATER IMPACTS

Groundwater at the site is impacted primarily by a plume of chlorinated ethene volatile organic
compounds (TCE, ¢1,2-DCE and VC). The plume extends from an area near the Ash Landfill,
westerly, to the boundary of the depot, approximately 1,500 feet away. Figure 2-3, Figure 2-4
and Figure 2-5 provide a plan view depiction of the plume in 1997, 1999 and 2000. Quarterly
monitoring in 1996, 1997 and 1998 detected c1,2-DCE between 0.2 pg/L and 2 pg/L at
monitoring well MW-56, which is 225 feet past the depot boundary. The most recent sampling
of MW-56 in January 2000 did not detect c1,2-DCE at a concentration of 1 ug/L.. The NYSDEC
GA groundwater quality standard for ¢1,2-DCE is 5 pug/L. It is likely that the boundary of the
plume extends westward to slightly beyond the depot boundary. Exceedances over the NYSDEC
GA groundwater standard, beyond the depot boundary, have not been observed. At the widest
point, the plume is approximately 625 feet. The highest concentrations were detected in the area
considered to be the source of the contamination. From this area, concentrations of dissolved
chlorinated organic compounds in groundwater decrease as the plume migrates with the natural
flow of groundwater.

The main source area, located in the northwestern portion of the Ash Landfill, was designated as
the “Bend in the Road” area since it was located at the bend in the unpaved access road.
Historically, the maximum volatile organics concentration was detected in monitoring well MW-
44, located within the area considered to be the source area prior to the soil removal action. In
November 1993, the concentrations of TCE, ¢1,2-DCE and VC were 51,000 ug/L, 130,000 pg/L,
and 23,000 pg/L, respectively, for a total chlorinated ethene concentration of 204,000 pg/L in
MW-44. This area was eliminated in 1995 through a NTCRA that treated approximately 34,000
CY of soil using LTTD. Prior to the IRM, the maximum detected concentration of total
chlorinated ethenes at the site was 132,360 pg/L (at MW-44, which is now MW-44A). After the
source removal, which occurred between September 1994 and June 1995, concentrations of
chlorinated compounds were reduced significantly, based on a June 1997 sampling event
(Figure 2-3). For example, prior to the removal action the concentration of total chlorinated
ethenes in MW-44 was 204,000 pg/L. In October 1999, the concentration in MW-44A, the
replacement well for MW-44, was 1,104 pg/L, a 100-fold decrease in concentration. In January
2000, the concentration of total VOCs in MW-44A was 399 pg/L. Following completion of the
NTCRA in June 1997, the concentration of total chlorinated ethenes in the downgradient portion
of the plume (i.e., at the proposed location of the reactive wall) ranged between 55 pg/L and 233
pg/L (Figure 2-3). The concentrations of chlorinated ethenes in this area remained similar to the
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levels observed in 1997. Figures 2-4 and 2-5 depict the groundwater VOC plume
approximately five years after thé removal action.

The nearest exposure points for groundwater are the three farmhouse wells, located
approximately 1,250 feet from the leading edge of the plume. At least one of the farmhouse
wells draws water from the till/weathered shale aquifer and the remaining two wells derive water
from the bedrock aquifer. Vertically, the plume is believed to be restricted to the upper
till/weathered shale aquifer and is not present in the deeper competent shale aquifer.

~ Although exceedances of the NYSDEC GA groundwater standards were observed, in at least
several wells, during the RI for the metals chromium, lead, nickel, zinc, antimony, barium
beryllium and copper, the data appears to be related to the turbidity of the sample. It was noted
that wells with high turbidity have high metals concentrations. Subsequent improvements to the
sampling techniqués proVided less turbid samples with a corresponding decrease in the
concentration of metals. For example, lead in MW-44, with a turbidity of 100 NTU was
measured during the second round of the RI was 147 pg/L., which was above both the EPA
criteria of 15 pg/L and the NYSDEC GA standard of 25 pg/L. During the quatterly sampling,
conducted following the RI, the concentration of lead in MW-44 was non-detectable at less than
2 pg/L. This same trend was observed for other wells. The turbidity of the quarterly monitoring
samples were less than 10 NTU. Furthermore, the locations of the exceedances did not correlate
to form a continuous plume, rather the exceedances were randomly distributed and did not
related to a source of metal contamination. As a result of this data, concern over exceedances of
metals in groundwater were resolved and attributed to turbidity. |

Based on recent groundwater chemistry data (October 1999 and January 2000), the overall
configuration of the plume is similar to that shown in June 1997 (Figure 2-4 and Figure 2-5,
respectively). Concentrations of chlorinated ethenes are generally unchanged in the immediate
vicinity of the continuous reactive wall since 1997. And, while the concentrations of chlorinated
ethenes remained similar in most locations in the former source area (MW-44A and PT-12A),
there was an increase in concentration of total VOCs in the area near PT-18 (up to 10,591 pg/L)
in October 1999 compared to the 1997 results. In January 2000, however, total chlorinated
ethenes concentrations had fallen back to levels similar to the 1997 results. This cycle of
increase and decrease in chlorinated ethene concentrations is most likely due to seasonal
fluctuations in groundwater at the Ash Landfill.
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3.0 TECHNOLOGY BACKGROUND

Researchers at the University of Waterloo identified the application of and obtained a patent for
use of zero valence iron as a viable technology for remediation of contaminated groundwater
(Gavaskar, 1997). In 1994, EnviroMetals Technologies, Inc. (ETI) was granted a license to
commercially apply the technology. While the patent describes the use of zero valence iron it
does not describe or include the groundwater system required to succéssfully apply the
technology at a site. Successful'épplicati_on of this technology requires both groundwater
collection and treatment. ETI has been instrumental in performing bench scale and pilot scale
studies to obtain vital design parameters and has pursued commercial applications of zero
valence iron. These applications have typically involved a combination of engineering
consulting firms, contractors and ETI. Through a subcbntracting agreement with Parsons, ETI
has issued a license to Parsons to apply this technology at the Ash Landfill Operable Unit. ETI,
through the terms of this agreement, has provided technical support and oversight during.the
design, installation and evaluation phases of this project. Several correspondences with ETI are
provided in Appendix D.

Zero valence iron destroys dissolved chlorinated organic compounds via reductive
dechlorination (Matheson and Tratnyek, 1994). During this reaction, zero valence iron, an
electron donor, is oxidized to ferrous iron thereby providing two electrons. These two electrons
reduce hydrogen ions and chloride cause chloride ions to be released from the organic
compound. In the case of TCE and c1,2-DCE, this results in the formation of the alkane
compound, ethane, or the formation of the alkene compound, ethene. Additionally water is split,
eventually forming hydrogen gas, Hp, and hydroxide ions, OH~. The increase in hydroxide ions
causes the pH to increase to alkaline conditions. Thus an increase in pH and hydrogen gas in
solution are indications that the iron is active and capable of reducing alkyl halides.

The technology is typically applied in-situ. Successful application this technology requires both
adequate collection of capture of the plume and sufficient contact time between the contaminated
groundwater and the zero valence iron. Applications of this technology have included various
ways to ensure capture and contact time. Capture and treatment with a funnel and gate approach
or a continuous permeable reactive wall are two configurations that have been the most widely
used. The approach selected for demonstration at this site is the permeable reactive wall,

The technology offers several distinct advantages over other conventional groundwéter treatment
technologies. In-situ treatment schemes utilize the natural gradients and hydraulic conductivity

of the aquifer to drive groundwater through the reactive material. Since the technology is
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passive and the destruction is accomplished in-situ there is no need to additional costs associated
with construction of an above ground treatment facility. The costs for equipment, such as pumps
and piping are also eliminated, in addition to the costs for operation and maintenance of an above
ground treatment facility. Costs associated with collecting and treating off-gases from vapor
extraction systems or air stripping units are also not a factor.

Another advantage of in-situ treatment, is the elimination of issues associated with permitting
effluent discharge points, i.e. surface water bodies, or air.

With this technology, treatment of groundwater remains continuous even during saturated water
table conditions that may vary over the year. This advantage was considered significant at this
‘site since the water level elevation data identified a large seasonal change in saturated thickness.
During low levels, the ability to effectively remove water from the aquifer with a conventional
pumping system is a concern. Such conditions may require groundwater extraction to Stop or to
be extracted at a low flow rate such that treatment cannot occur continuously. Under such a
scenario contaminated groundwater may continue to migrate or may place significant restrictions
on the design and operation of an aboveground system. These concerns would be eliminated
with a passive in-situ treatment system since an in-situ system would continue to provide
treatment under low water table conditions.

Land use is not dramatically affected by such an in-situ treatment system. Thus, use of the area
for conservation/recreational land use, which is the current intended future use for this area,
would be allowed for an in-situ reactive wall.

The cost of reactive iron is relatively inexpensive and is a by-product of industrial manufacturing
operations. Reactive iron has a large capacity to degrade chlorinated organic contaminants and
has been shown to be unaffected by fouling due to inorganic precipitation or premature
oxidation. (O’Hannesin and Gillham, 1998, Vogan et. al, 1998 and McMahon et. al, 1999)
Although these are limited long-term demonstration studies, the data collected to date has shown
that, once operating, the iron in the wall would be effective for a relatively long period of time.
Estimates provided by ETI indicate that that iron typically would require replacement after about
ten years.

For these reasons the use of zero valence iron as a cost-effective technology for groundwater
remediation has been applied at'several sites. The technology was selected for demonstration at
the Ash Landfill site with the intent of obtaining treatment effectiveness data and other design
data that would be then used as the basis for a final remedy at this site.
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3.1 REDUCTIVE DECHLORINATION using ZERO VALENT IRON

Zero valence iron is an effective reactant in destroying dissolved chlorinated organics from
groundwater, Chlorinated organics undergo reductive dechlorination in the presence of a proton
donor (water) and zero valent iron, which provides electrons. During the process, compounds
such as TCE, ¢DCE, and VC are reduced and iron is oxidized. The end products are methane,
ethane, ethene, and chloride. - Figure 3-1 shows the process of reductive dechlorination and
"Figure 3-2 shows percent molar conversions of chlorinated compounds during reductive
dechlorination.

There are three general pathways leading to the dechlorination of alkyl chlorides, (Matheson and
Tratnyek, (1994). The first involves direct reduction of chlorinated solvents that are adsorbed on
‘the metal surface:

Fe® +RCl+H* —» Fet2+RH+CI- [Equation 1]

The second pathway involves oxidation of Fe*2 that is an immediate product of corrosion in
aqueous systems:

Fe® +2H0 — Fet2+ Hy + 20H- [Equation 2]
Fet2 + RCI+Ht — Fet3 +RH + CI- [Equation 3]

The third pathway involves reduction of alkyl halides from interaction with hydrogen. Hydrogen
is produced during iron corrosion, See Equation 2,:

Hy + RCI - RH+H* +CI- [Equation 4]

These three pathways, described by Equations 1, 3, and 4, are all contributors to the reductive
dechlorination process that is occurring at the Ash Landfill.

Loss of the reactive iron as an effective treatment reactant can under certain conditions. Under
aerobic conditions, dissolved oxygen is the preferred reactant during iron corrosion. This results

in a rapid reduction reaction with O7 instead of water:

Fe® + Qg +2H70 — Fe™2 + 40H- [Equation 5]
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Like oxygen, three other chemical constituents, sulfates, nitrates, and phosphates can also serve
as oxidants during iron corrosion. Iron corrosion results in a decrease in redox potential, an
increase in pH, ferrous iron, and hydrogen. Therefore, to monitor iron corrosion, groundwater
was analyzed for redox potential, pH, ferrous iron, and hydrogen.

3.2 TECHNOLOGY APPLICATIONS

“Several applications of this technology has been documented, Vidic, R.D. and Pohland, F.G.,
(1996), Gavaskar, Arun et. al, (1997). ‘

One of the first applications of this technology was at the Canadian Forces Base, Borden,
Ontario in 1991. This application involved a permeable wall configuration that included the use
of sealable sheet pilings, installed to a depth of approximately 33 feet, to allow excavation and
backfilling with a mixture of Z22% reactive iron and 78% concrete sand. Once backfilling with
the reactive mixture was complete, the sheet pilings were removed. The reactive wall was
placed perpendicular to groundwater flow and was 5.2 feet wide and 18 feet long. Residence
time was estimated at 16 days. Maximum concentrations of TCE and PCE were 250,000 pg/L
and 43,000 pg/L, respectively. The system was monitored for a 17-month period. Final results
of monitoring showed 99% reductions of TCE and 88% reductions of PCE. Follow-up
laboratory studies indicated that a higher percentage of reactive iron would be required to
increase the reductions Qf TCE and PCE.

A continuous reactive wall was installed at the United States Coast Guard (USCQG) Center at
Elizabeth City, NC in June, 1996. The site is located near the Pasquotank River. The aquifer
material is largely fine sand, silt and clay. Higher permeable zones in the surficial aquifer occur
at depth of approximately 16 at 22 feet below land surface. The installation was performed using
a continuous trenching machine that excavated soil and installed reactive iron at the same time.
Installation was completed in 12 hours. The continuous reactive wall was installed with 100%
reactive iron. The iron wall was 15 feet long, 24 feet deep and 2 feet wide. The wall was keyed
into a layer of low-permeability sandy clay located between 22 and 26 feet below ground
surface. Maximum influent contaminant concentrations were 8 mg/L, 12 mg/L 1 mg/L and 0.1
mg/L for chromate, TCE and c¢1,2-DCE and vinyl chloride, respectively. Monitoring of the
reactive wall included an array of 10 compliance monitoring wells and 15 multi-level samplers,
located upgradient, downgradient and within the barrier wall. Monitoring data indicates that the
majority of the TCE breakdown occurs within the first foot of the barrier with no TCE being
detected above the drinking water criteria. Vinyl chloride and less than 2 ug/L.. However, TCE
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was detected in a downgradient well, suggesting that some TCE had migrated underneath the
barrier.

A 1,200-foot long funnel and gate reactive wall was installed at the Denver Federal Center in
1996 (McMahon, P.B. et al, (1999). Groundwater flows through unconsolidated alluvial
sediments and weathered sediment. The mean hydraulic conductivity obtained from slug tests
performed on individual wells was 1.64 feet/day. The underlying -bedrock consists of a less
permeable, unweathered claystone of the Denver Formation. Four gates, each 40 foot wide and
10 foot deep, were installed at various intervals within the 1,200-foot long impermeable barrier,
which was comprised of interlocking metal sheet piles that were driven into unweathered
bedrock. Each gate contained pea gravel on the upgradient and downgradient ends with reactive
iron in the middle. The thickness of the reactive iron varied from 6 feet to 2 feet, depeﬁding
upon the anticipated groundwater velocity. The maximum concentrations of contaminants
entering the gates were 200 pg/L, 15 pg/L 600 ng/L, 230 ug/L and 18 pg/L for trichloroethane
(TCA), 1,1-dichloroethane (DCA), TCE, 1,1-dichloroethene (1,1-DCE) and vinyl chloride (VC),
respectively. The only contaminant detected exiting the gates was DCE at a maximum
~ concentration of 15 pg/L. This amount represents about 0.7% of the total contaminant mass that
was entering the gates. It was suggested that the presence of DCA within the gates may be a
result of the production of DCA in the gates and the relative resistance of DCA to degradation by
zero valence iron. Hydraulic monitoring of the reactive wall was performed to evaluate the
potential for migration under, around and over the reactive wall. Data suggested that water
movement was possible under the reactive wall in only one area near one of the gates.
Movement of groundwater around the reactive wall was indicated in one end of the reactive wall.
This movement around the reactive wall caused formation of groundwater seeps, which
eventually discharged to a nearby stream. However, the amount of leakage did not cause a
measurable increase in the concentration of contaminants in the receiving stream flow.
Mounding caused by the presence of the impermeable steel sheet pile was identified in all
upgradient monitoring wells. A portion of this groundwater was attributed to leakage from a
nearby reservoir. Flux calculations performed indicated that approximately 77% of the
groundwater moving toward the reactive wall moved through the gates. The rest of the water
either accumulate on the upgradient side of the reactive ball or bypassed the reactive wall.
Migration of groundwater over the reactive iron in the gates was identified at one location. As a
result of the groundwater mounding upgradient of the reactive wall, velocities through the gates
were increased. In Gates 2 and 3, the velocities ranged from 0.2 feet/day to 1.3 feet/day. In
another gate, Gate 3, the velocities ranged from 0.2 feet/day to 1.5 feet/day. The median
groundwater velocity in Gates 2 and 3 were 0.36 feet/day and 0.59 feet/day. The conclusions of
the evaluation of this system indicated that while zero val_enc‘e iron is capable of destroying
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chlorinated contaminants, hydraulic movement of contamination around the reactive wall is of
greater concern.

The EPA SITE demonstration program conducted a 6-monthdemonstration study at an industrial
facility located in central New York state, EPA/540/R-98/501 (1998). The study involved
evaluation of a funnel and gate application of the zero valence iron technology. The site is
located in a river valley. Unconsolidated geological deposits consisting of clayey sand and
gravel comprise the aquifer materials. These deposits overlie a dense clay confining layer. The
top of the confining clay unit is approximately 13 to 16 feet below ground surface. The depth to
groundwater ranges from approximately 3 to 7 feet. . Following bench-scale and pilot studies,
ETI established the required residence time at 56 hours. The system design allowed for a
minimum residence time of approximately 72 hours. This was based upon a predicted maximum
design groundwater flow of 1 foot per day through the reactive iron. Groundwater velocities
assumed a horizontal gradient of 0.002 foot/foo;c, a hydraulic conductivity of 142 feet per day
and a porosity of 0.4 for the reactive iron. The system was constructed in May 1995 by driving
sealable-joint sheet piling one foot into the clay aquitard. The sheet piling formed a rectangular
box areca approximately 12 feet by 6.5 feet. The long portion of the box was placed
perpendicular to the groundwater flow direction. Additional 15-foot long sheets were also driven
one foot into the clay confining layer on either site of the box to act as the groundwater diversion
funnel.

Soil within the box was then excavated to the top of the clay layer and the water within the box
was removed. Steel sheet piling was then used to segregate the box into three compartments.
Pea gravel was placed within the two end compartments. Each end compartment was
approximately 1.75 feet wide. The middle 3-foot wide compartment was backfilled with reactive
iron. Pea gravel was used to establish a mixing zone to eliminate short-circuiting caused by the
anisotropy of the aquifer. Three monitoring wells were installed within each compartment.
Following placement of the monitoring wells and backfilling, the two steel compartment dividers
and the two ends of the reactive zone were removed. Groundwater flow through the reactive
wall commenced on May 18, 1995.

The influent TCE groundwater concentrations ranged from 32 ug/l to 330 ug/L; for ¢1,2-DCE the
concentrations ranged from 98 ug/L to 550 ug/L; for VC the concentrations ranged from 5 ug/l to
79 ug/L. Traces of 1,1-DCA and t-1,2-DCE have occasionally been detected al levels below 5
ug/L. Analytical samples were collected during the months of June, July, August, October,
November and December 1995. ‘
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Excluding the June data as unrepresentative due to the dewatering performed during
construction, the observed data indicated the treatment system was effective in destroying
chlorinated organics. Most of the samples collected from the downgradient wells did not detect
chlorinated organics at a detection limit of 1 ug/L. The only exception was for ¢1,2-DCE that
was detected at low levels. Critical chlorinated organic contaminants were below the New York
State Department of Environmental Conservation (NYSDEC) target levels for 86 out of 90
measurements. The NYSDEC target criteria for c1,2-DCE were slightly above the target level of
5 ug/L for four measurement, however, the highest measured value was only slightly above the 5
ug/L value at 7.5 ug/L. ‘ '

A recently published report by Gavaskar, Arun et. al (2000) provides a summary of the status of
the of the zero valence iron reactive wall technology. This discussion notes that the confidence
in this technology has grown as data from various demonstration studies becomes available.
More of the recent applications have been configured as continuous permeable reactive wall
rather than as funnel and gate configurations. One reason for this apparent shift is the decrease
in cost for reactive iron, which has decreased from approximately $650/ton to $300/ton. -The
benefits of continuous reactive walls included easier design and construction. Groundwater
mounding is also lessened with a continuous reactive wall as opposed to the funnel and gate
approach. Application of this technology has occurred for a wide variety of site conditions.
Groundwater velocities, where this technology has been appliec has ranged from 0.0003 ft/day to
2.8 ft/day. '

The full-scale applications of this technology have also been helpful in identifying the critical
aspects that are essential for success. Hydraulic performance of any reactive wall is essential for
adequate system performance. Incomplete plume capture, less than required residence time and
aquifer anisotropy are all facets that contribute to these systems not meeting the target goals.
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4.0 DESIGN AND INSTALLATION OF CONTINUOUS REACTIVE WALL

41 INTRODUCTION

The zero valence iron technology has been developed and patented by researchers from the
University of Waterloo, Waterloo Canada, (Gilliam and O’Hannesin). Envirometals Inc. (ETI) is
the sole license holder of this technology. During the design phasé of this study, Parsons ES

retained ETI to provide consultation in the design. Parsons ES provided ETI with a license fee to
| utilize this technology. The patent involves the use of zero valence iron for groundwater
treatment but does not extend to the method by which the reactive iron is contacted with
groundwafer. However, since attaining sufficient residence time between groundwater and
reactive material is an important component for success, ETI was consulted and supported the
decision of utilizing a permeable wall configuration. '

The design of the zero valence iron reactive wall included a groundwater modeling study of the
site prior to conducting the treatability study to determine whether a funnel and gate system or
continuous reactive wall would be appropriate for the Ash Landfill site. Parsons ES performed
the groundwater study for the site. Calculations of key design parameters including residence
time and volume of reactive iron were done by ETI.

4.2 GROUNDWATER MODELING

In-situ reactive treatment walls can achieve contaminant reductions through chemical and/or
physical interactions between dissolved pollutants and reactive wall constituents [Vidic and
Pohland (1996) and EPA (1995)]. For the treatment to be effective, groundwater must pass
- through the reactive wall and have a sufficient residence time in the reactive portion of the wall
for reductive dechlorination to occur. This is typically accomplished by an efficient wall design
configuration using either a funnel and gate configuration or a continuous reaction wall
configuration. Groundwater modeling was utilized to evaluate these two in-situ treatment
configurations.

The funnel and gate configuration involves diverting groundwater flow through areas where
reactive material is placed. As the diverted groundwater migrates through the gate, the
appropriate reaction occurs. A funnel and gate configuration has advantages over other
configurations because the length of reaction can be controlled by the length of the gate.
Maintaining saturated conditions in the zero valence iron during seasons when the groundwater
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level is low is easier in a funnel and gate system. In addition, if change-out of the reactive
material is required, only the material within the gate would need to be removed, rather than the
entire wall. The disadvantage of the funnel and gate configuration includes an increased
potential for groundwater mounding, leading to possible breakout of groundwater at the ground
surface, and difficulties of construction. '

" Groundwater monitoring conducted during the RI identified large fluctuations in the elevation of
the water table. During the spring, water levels in several wells were measured to be within six
inches of the ground surface, whereas, during the late summer and fall, the water table drops by
approximately six feet. This change in water levels has been observed over several years of
monitoring and appears to be consistent and cyclical. The springtime water level elevations,
combined with site soils of moderate to poor hydraulic transmissivity, raised concerns of
groundwater mounding with a funnel and gate configuration for effective in-situ treatment of
groundwater.

The results of the groundwater modeling confirmed that during high water conditions at the site,
groundwater mounding could be sufficient for breakout of the plume to occur at the ground
surface or groundwater to move around the confines of the funnel and gate section. This effect
could be minimized to less than one foot if four gatés, each approximately 40 feet wide, were
utilized. However, under worst case conditions, modeling suggested that breakout of
contaminated groundwater at the surface was possible. After investigating the design of each
system further, a continuous reaction wall was selected for the treatability study for the
following reasons: '

e A funnel and gate system raises hydraulic concerns. High water-table conditions,
combined with the low hydraulic conductivity soils at the Ash Landfill, can lead to
groundwater mounding. Although the modeling results concluded that the rise in the
groundwater table for the funnel and four-gate configuration was within an acceptable
margin (using permeable upgradient collection and downgradient discharge zones), use of a
continuous reactive wall does not have similar mounding concerns. _
» Generally, unsaturated conditions cause iron to oxidize. Based on the experience of ETI,
iron within a reactive wall that is subjected to unsaturated conditions shows negligible
oxidation and, therefore, does not appear to become ineffective when resaturation occurs.
ETI has found little evidence of oxidation of the iron from core samples taken of iron in
earlier reactive wall applications where the iron has been subjected to unsaturated

conditions. Therefore, the change out of any oxidized iron-due to exposure to unsaturated
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conditions will be unlikely and the advantage of maintaining saturated conditions by using a
funnel and gate system is no longer relevant.

e Design and installation of a continuous reactive wall is simpler and, based on site-
specific conditions, may be more cost effective than that of a funnel and gate system.

4.3 LOCATION AND LENGTH OF CONTINUOUS REACTIVE WALL

The continuous reactive wall was installed near the toe of the plume which is approximately 350
feet downgradient of the source area and adjacent to the SEDA boundary. This location was
selected because it would be within the secured boundary of the depot and the concentrations of
the plume were thought to be consistent. At the proposed location of the reactive wall, the width
of the plume was approximately 550 feet. Therefore, a design length of approXimately 650 feet
was chosen for the reactive wall, which would provide for a margin of safety along the edges of
the plume. ' '

4.4 RESIDENCE TIME AND QUANTITY OF IRON

ETI performed first order degradation modeling to determine the required residence time from
influent groundwater concentrations and expected groundwater velocities in the vicinity of where
the reactive wall was to be installed. This model is described in greater detail in Appendix A.
The groundwater data were obtained from site data collected during the RI.

The reactive wall was designed based on a maximum residence time that was required to treat
the concentration of chlorinated ethenes near the downgradient portion of the plume within the
boundary of the depot. Prior to installation of the reactive iron wall, the only volatile organics
detected in the monitoring wells at this location were TCE, cDCE, and VC. Table A-1
summarizes the maximum concentrations encountered in monitoring wells located near the
continuous reactive wall.

ETI’s modeling results showed that the concentrations of TCE and 1,2-DCE present near the
reactive wall would be reduced to NYSDEC GA Standards if the water remained in contact with
iron for 1.25 days. ETI included a safety factor into the residence time to provide enough
residence time to reduce chlorinated ethenes with concentrations up to 1,000 pg/L to below
NYSDEC GA Standards of 5 pg/l..

Based on the residence time of 1.25 days and a maximum velocity of the groundwater of 60.5
ft/year from the Groundwater Modeling Report at the Ash Landfill Site, (Parsons ES, 1996), the
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quantity of iron necessary to treat the water was calculated to be 1,387 cubic feet. A safety
factor of 2 was applied to this quantity for a total of 2,774 cubic feet of iron. This quantity of
iron was to be mixed with sand having a similar grain size to make up the total volume of the
excavated trench. The Technical Specifications required that the iron be evenly distributed over
the volume of a 1-foot wide trench to ensure adequate contact between the water and the iron.
According to ETI, a minimum of 20% by volume of the trench contents was required to be iron
to ensure adequate contact of groundwater and iron. Based on the quantity of iron required for
treatment and the dimensions of the reactive wall to be installed at the Ash Landfill, the trench
fill material was designed to be comprised of at least 48% iron by volume. (See Appendix A
for design calculations.)

4.5 INSTALLATION OF THE CONTINUOUS REACTIVE WALL

The reactive wall was installed according to the Technical Specifications presented in the
“Treatability Study Work Plan for Zero Valence Iron Continuous Reactive Wall at the Ash
Landfill” (Parsons 1998). The notes and data collected during the installation of the reactive
wall are included in Appendix A.

Materials testing on the reactive iron, sand, and iron/sand mixture were performed in the weeks
preceding the actual installation. Reactive iron was purchased from Peerless Metal Powders and
Abrasive of Detroit Michigan and shipped to the site in 3000-1b sacks. Mixing of material was
performed on-site to avoid the added cost of shipping sand. A local supplier of clean sand was
selected prior to the reactive barrier wall construction.

Construction of the continuous reactive wall began on Wednesday, December 9, 1998 and was
completed on Monday, December 14, 1998. DeWind DeWatering, Inc. (DeWind) from Holland,
Michigan was awarded the contract to construct the wall using a one-pass trenching machine to
dig the trench and backfill the iron/sand mixture without an open trench. The trenching machine
consisted of a cutting boom resembling a large chain saw and a sand/iron delivery system
attached to the cutting boom. This delivery system stabilized the trench side walls during
construction to allow placement of the permeable treatment media before the side walls could
collapse. The trenching and delivery operation cut a 14-inch wide trench and continuously
backfilled the trench with the sand/iron mixture.

Clean sand was supplied to the site and mixed in a cement mixer by a local supplier, DeWitt, Inc.
To accommodate the practicality of construction the minimum trench width was 14-inches. To
minimize the required volume and cost of reactive iron that would be required to fill this
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excavation volume it was determined that a combination of clean sand and reactive iron in a
50/50 ratio, by volume, was sufficient to fill the excavated cavity and ensure that sufficient iron
would be preseht. Since half of the trench would be iron, the equivalent reactive iron thickness
was 7-inches, which provided a factor of safety of over 2 since the required iron thickness was
determined to be 3-inches. Upon arrival of the clean sand on the site, reactive iron was added in
sufficient volume, approximately 5 bags of reactive iron, to achieve a minimum ratio of 50/50
sand and iron, by volume. Mixing of sand and iron was performed for approximately 10
minutes. The mixture of sand and iron was then placed in a temporary stockpile area. Each
batch of reactive iron and sand was tested in the field to ensure that the proper ratio of reactive
iron and sand had been attained. The reactive iron and sand mixture was then supplied to the
trench excavator in order to maintain continuous operation, as needed.

Oversight personnel from DeWind, Parsons ES, and EnviroMetal Technologies, Inc. (ETI) were
at the site during the installation.

4.5.1 Pre-construction Submittals

Prior to the construction of the wall, DeWind arranged for chemical and geotechnical testing of
representative samples of the sand fill material and topsoil as required by the Technical
Specifications for the project. Both the sand fill material and topsoil were tested for constituents
contained in the USEPA target analyte list (TAL) and the target compound list (TCL) to ensure
that no additional contamination was added to the reactive wall. A sieve analysis was also
performed on the sand.

The analytical results indicated that there were no TAL or TCL impacts in the sand and topsoil
materials. The sieve analysis performed on the sand was the sieve analysis of fine and coarse
aggregates as per ASTM C136. The sand material was determined to be a well graded, fine to
medium grained sand (Appendix A).

A permeability test was run on a sample of iron/sand mixture. The results of the permeability
test indicated that the sandfiron mixture had a hydraulic conductivity of 7.4 x 10-3 cm/sec,

which was within the required limit specified as no less than 1 x 10"3 cm/sec.

4.5.2 Mobilization

Mobilization for the project began on Tuesday, December 8 1998, with the arrival of DeWind’s

trenching machine and other equipment. Parsons ES personnel staked the proposed centerline of

P:\PIT\Projects\SENECA\IRONTRNC\DraftMemo\final\Sec-4b.doc August 2000
: ’ 4.5



Seneca Army Depot Activity Draft Ash Landfill Feasibility Memorandum

the continuous reactive wall and determined that the end of a 6-inch water line crossed the
centerline of the wall. Subsequently, the centerline of the wall was moved west of the end of the
water line to avoid intercepting the water line during trench installation.

Stationing for the wall began at West Smith Farm Road as Station 0 + 00 and proceeded north to
Station 0 + 645. See Figure 4-1 for a cross sectional view of the reactive wall.

Just prior to the installation of the trench, a drawing of the site was obtained from SEDA which
indicated that a building had been located along the depot fence line, beginning approximately
100 feet north of West Smith Farm Road and extending approximately 475 feet north.
Foundations were visible at the site. The drawing also indicated that a septic system with a leach
field was located along the fence, near the northern end of the wall, beginning approximately‘ 850
feet from the road. Figuré 4-2 shows the location of the building foundation, septic system, and
reactive wall.

45.3 Test Pits Along Proposed Centerline of Wall

Prior to construction of the wall, seven test pits were excavated at 100-foot intervals along the
proposed centerline of the wall to determine the depth to competent bedrock. The wall depth
was measured as depth on grade to the top of bedrock between the test pit locations (where there
was a known depth to bedrock) using a laser-guided depth control system. The following is the
depth to competent bedrock:

Test Pit Distance from  West Depth from Ground Surface to
Smith Farm Road (feet) = Competent Shale (feet)

1 0+ 00 7.5

2 0+ 100 10.9

3 0+200 11.2

4 0+300 9.0

5 0+ 425 8.1

6 0+ 525 7.0

7 0+ 640 6.5

Bedrock along the centerline of the wall varied from approximately 6 to 11 feet below the
ground surface. To ensure that no groundwater flows beneath the wall, the wall was extended
several inches into the top of competent bedrock.
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Groundwater (less than one foot) was encountered in two test pits at 0 + 300 and 0 + 425. The
sidewalls stayed open in all the pits.

Clay pipes and gravel material, which were part of a former leaching field (Figure 4-2), were
encountered in the test pits at 0 + 425 to 0 + 640,

45.4 Trenching

- The trenching machine was set up at the edge of West Smith Farm Road at Station 0 + 00. The
depth to the top of the iron/sand mixture was measured and adjusted as necessary with a shovel
so that the top of the permeable treatment media was one foot below ground surface. A
geotextile was laid out over the top of the iron/sand mixture as the trenching machine proceeded
to prevent the backfill from fallAing directly onto the treatment mixture.

At 100 feet and 175 feet, the trenching machine encountered foundation material. The trenching
machine was stopped and the foundation material removed with an excavator. At 300 feet, the
excavated material was saturated and began falling on top of the newly installed iron/sand
mixture. DeWind removed the soil with the excavator before the geotextile was installed.

The wall was completed by the end of the day on December 11.  The actual length of the
installed wall at the bottom is 643.1 feet. However, the wall extended slightly beyond the 645-
foot design length on the ground level to empty the hopper on the trencher of iron material.
Approximately 23 cy of iron/sand mixture was left over for stockpiling. Because the overall
wall depth was shallower than the 10-foot depth that was originally estimated in the design,
construction was completed a day early.

On December 12, DeWind worked on the surface completion of the wall. At the end of the wall,
the elevation of the iron/sand mixture within the wall was adjusted so that it was one foot from
the ground surface. Installation of the geotextile was completed and the trench was backfilled.
The upper one-foot of the trench was filled with 8 inches of excavated material and 4 inches of

top soil. Two soil samples were collected from the excavated material and analyzed for VOCs

A before the material could be used as backfill. The lab results on the excavated material used to

backfill the upper one-foot of the wall are presented in Appendix A. The area was graded after
backfilling was completed. The surplus excavated material and iron/sand mixture were
stockpiled near the Abandoned Incinerator Building. The piles were covered with plastic and
anchored with palettes.
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4.5.5 Filling

The sand/iron mixture was placed from the top of competent bedrock to one foot below ground
surface at a nominal width of approximately 14 inches. The volume of the iron/sand mixture
actually place in the reactive wall was measured to be 5,525 ft3 (Table 2 of ETI Report in
Appendix D) This volume was compared to the volume determined during the design based on
the dimensions of the trench in order to verify that the trench was being filled completely and
that there were no void spaces within the trench. ETI’s construction report in Appendix D has
more discussion about the installation of the zero-valent reactive wall.

Based on the average total depth of 8.8 feet below ground surface, a top depth of 1 foot below
ground surface, and an average width of 1.1 feet, the total volume of the excavation was 5,577
ft3. This volume was close to the volume of material measured to have been placed in the
trench. This suggests that no significant voids were left unfilled at depth and that the dimensions
of the trench were as expected.

4.5.6 Iron Ratio

The Technical Specifications for installation of the reactive wall required the following: (1) a
minimum of 2,600 CF of iron filings be placed along the entire length of the wall; (2) the
iron/sand mixture consist of about 48% by volume iron and the balance a local sand; and (3) the

iron and sand be mixed prior to filling such that the iron was distributed uniformly.

A total of 28 cement trucks, each containing 11,500 pounds of sand arrived on site on Thursday
and Friday, December 10 and 11. Based on a sand bulk density of 106 Ib/ft3 and an iron bulk
density of 150 1b/ft3, each truck was loaded on site with five bags of iron filings to produce the
required 48% ratio by volume. The iron and sand materials were mixed for 10 minutes then
stockpiled on site for use later in the day. These data are also presented in Appendix A.

The volumetric ratio of iron to sand was verified by Parsons ES and ETI field engineers to be
between 50% and 88%. To verify the ratio, a representative sample was collected from the
iron/sand mixture after 10 minutes of mixing and the iron was separated from the sand using a
hand-held magnet. The iron was separated two to three times with the magnet to remove most of
the sand particles. The volume of the separated iron was determined and compared to the target
volumetric percentagé to determine if the correct ratio was achieved. In all the tests, the iron
volume was greater than the sand volume. This occurred because some sand particles remained
in the iron even after three separations and also because of the assumed bulk densities of the two
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materials. The iron bulk density of 150 Ib/ft3 used in the calculation is the density of packed
iron, however the loose bulk density can be as low as 110 to 125 1b/ft3. Therefore, because the

amount of iron added was loose material, the volume would be greater.
4.5.7 Moisture Content

According to the Technical Specifications, samples of the sand fill material were collected and
analyzed for moisture content to confirm that moisture content of the sand did not exceed 5 to
7%. If the sand had too high a moisture content, it could cause oxidation of the iron surface,
potentially reducing its reactivity. The analysis was conducted by Paratt-Wolfe in Syracuse, NY.

The DeWitt batch plant routinely checked the moisture content on the first load of sand in the
morning. It was agreed that if the moisture content was determined to be more than 7%, the
batch plant would get drier sand from another source pile.

Two samples were réquired to be collected each day --one from the first load and one from a load
at the end of the day. However, because the moisture content was measured at the batch plant on
the first load of each day, one sample from the 10 loads delivered to the site on December 11 was
sent for moisture content analysis. On December 12, two sand samples were sent because 20
loads of sand were delivered to the site. Sand was delivered to the site only on December 11 and
December 12.

The moisture content of the first load of sand material delivered on December 11 was 3.8% as
measured by DeWitt at their batch plant. A sample of sand material from Load #8 on December
11 was collected and analyzed by Paratt-Wolfe. The moisture content of this sample was 5.4%.

The moisture content of the first load of sand delivered on December 12 was 3.5% as measured
by DeWitt. The batch plant at DeWitt recalculated the moisture content of the sand delivered at
noon (Load #14), which was 3.7%. Samples of sand from Loads #12 and #20 on December 12
were collected and analyzed by Paratt-Wolfe for moisture content analysis. Moisture content
for these loads were 4.5% and 4.9%, respectively. See Appendix B for moisture content
measurement results.

4.6 INSTALLATION OF MONITORING WELLS

The monitoring plan described below was created based on input from ETI and protocols

described in “Regulatory Guidance for Permeable Barriers Design to Remediate Chlorinated
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Solvents”, ITRC, 1997. The ITRC guidelines outline the location and installation of the wells,
the sampling frequency, and the sampling parameters.

As described in the ITRC guidelines, monitoring wells were installed upgradient, downgradient,
and. within the reactive wall to monitor the effectiveness of the performance of the reactive iron
wall. Two monitoring wells were also installed at each endpoint of the wall to ensure plume
capture. The purpose of monitoring upgradient monitoring wells was to determine the
upgradient concentration of contaminants and groundwater flow rate. The purpose of collecting
downgradient well data was to ensure treatment and determine groundwater flow rate. Data
from monitoring wells within the wall was used to determine treatment, groundwater flow rate,
and precipitate formation.

A total of 11 monitoring wells were installed between March 30, 1999 and April 1, 1999. Three
clusters of monitoring wells were installed with each cluster consisting of three wells: (1) an
upgradient well in the till/weathered shale aquifer MW-T1, MW-T4, and MW-T7); (2) a well
point within the reactive iron (MW-T2, MW-T5, and MW-T8); and (3) a downgradient well
within the aquifer (MW-T3, MW-T6, and MW-T9). The upgradient and downgradient
monitoring wells were located approximately 2.5 feet from the respective edge of the reactive
wall. Within the reactive wall, monitoring wells MW-T2, MW-T5, and MW-T8 were located as
close as possible to the downgradient reactive material/aquifer interface to provide chemical data

that is representative of groundwater exiting through the downgradient side of the wall.

Two additional monitoring wells, MWT-10 and MW-T11, were located at each end of the
reactive wall. MW-T11 was located at the centerline of West Smith Farm Road. MW-T10 was
located at the northern endpoint and was partially installed within the iron/sand mixture.

The position selected for the clusters of monitoring wells were based upon the known
distribution of pollutants within the plume. The first cluster of monitoring wells, MWT-1,
MWT-2 and MWT-3, were installed approximately 190 feet from the northern end of the
reactive wall. MWT-1 is located approximately 2.5 feet upgradient of the reactive wall. MWT-
2 is located within the reactive barrier wall. MWT-3 is located approximately 2.5 feet
downgradient of the reactive wall. These wells were positioned to monitor a zone of equivalent
groundwater contamination between 10 and 100 pg/L. The second cluster of monitoring wells,
MWT-4, MWT-5 and MWT-6, were installed approximately 200 feet south of the first cluster.
MWT-4 is located approximately 2.5 feet upgradient of the reactive wall. MWT-5 is located
within the reactive barrier wall. MWT-6 is located approximately 2.5 feet downgradient of the
reactive wall. These wells were positioned to monitor a zone of equivalent groundwater
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contamination at approximately 100 pg/L. The third cluster of monitoring wells, MWT-7,
MWT-8 and MWT-9, were installed approximately 200 feet south of the first cluster. These
wells were positioned to monitor a zone of highest groundwater contamination, thought to be
potentially 100 ug/L. Groundwater monitoring data showed this zone to be approximately 500
ug/L. Prior to collection of these data this zone was not known to exist. MWT-7 is located
approximately 2.5 feet upgradient of the reactive wall. MWT-8 is located within the reactive
barrier wall. MWT-9 is located approximately 2.5 feet downgradient of the reactive wall.

The monitoring wells and well points within the aquifer were constructed in accordance with the
Generic Installation RI/FS Work Plan (Parsons ES, 1995) and the ITRC guidelines. As
described in the ITRC guidelines, wells points were constructed within the reactive wall using
the direct push method. The direct push method was used to minimize the amount of disturbance
of the reactive iron media. At each of the three well points, a core was collected from the
reactive media (See Appendix B for monitoring well logs). '

4,6,1 Procedure for Well Point Installation

The design of the monitoring wells located within the reactive wall was outlined in the ITRC
guidelines. These wells do not incorporate a sand pack or grouting, but are surrounded by the
bakcfilled reactive media. The monitoring wells were constructed with a 1-inch diameter PVC
casing.

Because the well points were installed within the reactive wall after its installation, a pipe locator
was used to locate the upgradient and downgradient edges of the reactive wall. At the
downgradient edge, the Parsons ES field engineer dug down approximately one foot and located
the downgradient edge of the geotextile. The hydraulic push system, which was mounted on a
small truck, was then positioned over each well point location and the well was advanced to
refusal using the hydraulic push system. Well points were located within the reactive iron
approximately three inches from the downgradient edge of the wall. Each well was comprised of
a 1-inch diameter, five- or ten-foot, pre-packed stainless steel screened section with a polyvinyl
chloride (PVC) riser. If necessary, after installation of the well, the void space around the PVC
at the surface was backfilled with the iron/sand mixture to bring it to one foot below the ground
surface.
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4.6.2 Procedure for Monitoring Well Installation

The monitoring wells were installed in borings (4.25-inch hollow stem augers) drilled with a
hollow stem auger rig. The borings were advanced to auger refusal, which for the purposes of this
investigation defined the contact between weathered shale and competent shale. Monitoring wells
were constructed of 2-inch I.D. Schedule 40 PVC with a wire-wrap well screen slot size of 0.010-
inches. Wells were screened from 3 feet above the water table (if space allowed) to the top of
competent bedrock. A sand pack was placed by tremie pipe in the annulus and extended a few feet
above the well screen. A bentonite seal was placed on the sand pack. In some instances, the
bentonite extended to the surface if there was no vertical space available for a cement/bentonite
grout. A steel protective casing with a locking cap was installed at the surface and held in place
with a 2-foot by 2-foot cement pad. The end of PVC riser was equipped with an expandable well
cap. In the instances when bedrock was shallow in depth, i.e., less than 8 feet, modifications were
made. The sand pack was extended to 1 foot above the well screen. Bentonite thickness was
decreased to a minimum of 0.5 foot, but in most instances was at least 1 foot thick. Following well
installation, the elevations of the well protective casing, PVC riser, and ground surface were
surveyed.

4.7 SLUG TESTING

On May 8, 1999 rising head slug tests were conducted in monitoring wells MWT-1, -3, -4, -6, -7,
-9, -10, and -11 to determine the hydraulic conductivity of the formation material immediately
surrounding the trench. During the tests, Hermit 2000 and Hermit 3000 data loggers were used
to record the rise in the water level in each well (Appendix B). Slug testing was not originally
outlined in the work plan for this treatability study. However, it was decided to conduct these
tests after installation of the reactive wall, in particular because of the unexpected subsurface
disturbances (i.e., former building foundations and leach field) encountered during the wall
installation. Slug tests were conducted in accordance with the Generic Installation Work plan.
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5.0 - QUARTERLY GROUNDWATER MONITORING

Following installation of the reactive barrier wall and the eleven monitoring wells, a year long
monitoring program was conducted. Groundwater monitoring that was conducted as part of this
treatability study was developed by Parsons using.protocols described in “Regulatory Guidance
for Permeable Barriers Design to Remediate Chlorinated Solvents”(ITRC, 1997) and, in
addition, from input provided by ETI.

5.1 ANALYTICAL PARAMETERS AND MONITORING FREQUENCY

The monitoring program for the treatability study included measurements of both the
groundwater elevations and chemistry in the wells on the site. The measurement of groundwater
elevations was made in the eleven monitoring wells associated with the reactive wall and seven
nearby monitoring ‘wells. These measurements helped determine seasonal changes in
groundwater flow, and possible damming of the aquifer behind the reactive wall due to reduction
in the wall’s permeability. These elevations were measured each month from April 1999 to
February 2000.

In addition, groundwater chemistry data were collected during four groundwater sampling events
at wells MW-T1 through MW-T11: 1) April 1999, 2) June 1999, 3) September 1999, and 4)
January 2000. The list of analytes for which the groundwater samples were analyzed, including
laboratory methods, frequency of sampling, quality control samples, and field measurements are
shown in Table 5-1.

Groundwater analysis of VOCs provided information on the reduction of chlorinated compounds
due to the presence of the reactive wall. The half lives of TCE and ¢cDCE degradation were
calculated by ETI using their software Scientist® for Windows® Ver 2.0 which uses a first order
degradation model to predict the half life for certain compounds. To calculate the observed TCE
and cDCE half lives, the model used residence times and influent and effluent concentrations
measured in the field.

Analyses for chloride, ethene, ethane, and methane were used to assess the by-products of
reductive dechlorination. The results of the ferrous iron, redox potential, hydrogen, pH, nitrate,
sulfate, and phosphate analyses were used to monitor the extent of iron oxidation. Other
indicator parameters were collected during these sampling events to gauge the amount of mineral
precipitation occurring in the reactive wall.
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5.2 SAMPLING PROCEDURES

Sampling the monitoring wells within the reactive wall required special consideration in order to
obtain a representative sam‘ple that reflected the true conditions within the wall. Typical well
purging methods and volume requirements were not used for these wells, since such methods
would likely have drawn groundWater from different reactive zones within the reactive wall or
even from areas outside of the reactive wall. Thus, groundwater samples were collected such
" that the volume of groundwater removed was at a rate that did not greatly influence the residence
time within the reactive wall. A very low flow purge rate was used and a small volume of
groundwater was purged to ensure that the groundwater sampled was from a discrete zone
~around the well within the reactive iron wall. Low flow purging procedures outlined in the
Generic Installation RI/FS Work Plan were used to sample monitoring wells outside the reactive
wall. However, for the wells within the reactive iron (MW-T2, -T5, and -T8), a very small
diameter polyethylene tubing with a bottom check valve was used and the well was purged until
either a) one well volume was removed, or b) field indicator parameters had stabilized,
whichever occurred first. Samples were collected as described in the Generic Installation RI/FS
Work Plan. When field indicator parameters had not stabilized prior to sample collection,
purging of the well (using bailers or polyethylene tubing with bottom check valve) was
continued until field indicator parameters had stabilized. Field indicator parameters were
recorded to demonstrate that stabilization had occurred.

The order of sampling was as follows: (1) wells within the reactive wall, (2) downgradient
wells, and (3) upgradient wells. Wells within the reactive wall were sampled first so that they

were not affected by the removal of water from upgradient and downgradient wells.
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6.0 BARRIER WALL DEMONSTRATION STUDY RESULTS and CONCLUSIONS

The use of zero valence iron as a means to remediate dissolved chlorinated ethene compounds,
by reductive dechlorination, in groundwater has been successfully demonstrated under both
laboratory conditions and also under field conditions, Gillham, et. al (1994), EPA (1995), and
Vidic and Pohland (1996). From these applications, there is sufficient evidence to conclude that
this technology is capable of destroying chlorinated ethenes. The treatment effectiveness is
related to the application of the technology. Site-specific factors will therefore be significant for
the successful application of this technology. The purpose of this study is to collect the data to
document treatment effectiveness and identify those sit-specific factors that contributed to the
treatment effectiveness. Section 6.1 presents the groundwater analytical data that was collected
to evaluate treatment effectiveness and the other data, such as hydraulic data, that are considered

important factors in understanding the technology performance.

Regardless of the application, treatment effectiveness is the ratio of the influent concentration to
the effluent concentration. In this instance, the influent concentration is the groundwater
concentration entering from the upgradient side of the reactive wall and the effluent
concentration is the groundwater concentration leaving the wall from the downgradient side of
the reactive wall. Since the downgradient monitoring well is approximately 2.5 feet from the
downgradient side of the wall and is affected by residual chlorinated ethene concentrations that
were not subject to treatment, the groundwater concentration from within the reactive wall was
considered a better representation of the effluent concentration. Residual concentrations from
the downgradient side of the reactive wall are expected to decrease over time as treated water
from the reactive wall mixes with the downgradient residual pore water.

Hydraulic performance is considered an important parameter to evaluate since treatment
performance is closely related to residence time, which is a function of hydraulic behavior.
Residence time is critical to ensuring that sufficient treatment has occurred. Residence time is
defined as the ratio of the groundwater velocity through the wall to the thickness of the wall.
However, because the reactive wall is 50% reactive iron, the equivalent reactive iron residence
time is one-half the wall residence time; the equivalent reactive iron residence time is used as a
basis of comparison to the design residence time in the following section. Since the reactive
barrier wall is a passive system, the movement of groundwater through the wall is determined by
the natural flow of groundwater. Section 6.2 presents data to evaluate the hydraulic behavior of
the reactive wall.
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6.1 ANALYTICAL PERFORMANCE RESULTS and CONCLUSIONS

A goal of this demonstration study is to document the effectiveness of the reactive barrier wall in

| removing dissolved chlorinated compounds from the Ash Landfill Operable Unit groundwater
plume. Analytical data was collected from eleven (11) monitoring wells in and around the
reactive wall. These data were collected during four quarterly monitoring events for the purpose
of assessing the removal effectiveness.

There are strong indications that the process of reductive dechlorination is occurring in the
reactive wall. One indication is the measurement of the endproducts of the degradation process,
such as methane, ethane, ethene, and chloride. The concentrations of these compounds were
higher in wells in the reactive wall (MWT-2, MWT-5 and MWT-8) than in wells upgradient of
the wall MWT-1, MWT-4, and MWT-7). Additionally, the pH measured in wells upgradient of
the wall compared to those obtained within the wall were also consistent with what would be
expected from reductive dechlorination process. The pH values within the reactive wall, (MWT-
2, MWT-5 and MWT-8), are consistently alkaline, ranging from 7.8 to 9.6 standard units.
Further, redox potentials, measured as Eh, are also indicators that reductive conditions are
occurring within the reactive wall. The redox potentials upgradient of the wall are positive
values ranging between 48 mV to 257 mV. With the exception of the April 1999 sampling
event, the redox potentials within the reactive wall are all negative values ranging from —69 mV
to ~404 mV. This increase in pH and decrease in redox potential are strong indicators that the
reduction process is occurring within the wall. Table 6-1 provides pH and Eh data to highlight
this relationship. These data are also provided in Appendix C. Figures 6-1, 6-2, 6-4, 6-5, 6-7,
6-8, 6-10, and 6-11 provide a site view of these data posted next to the locations from where the
samples were obtained.

Dissolved hydrogen, a product of iron corrosion that is available for use in the dechlorination
process, was also measured at high concentrations, both within the reactive wall and
downgradient of the reactive wall. Hydrogen concentrations in monitoring wells downgradient
from the iron wall, MWT-3, MWT-6, and MWT-9, ranged from 0.026 pg/L to 0.101 pg/L
(Figures 6-7 and 6-10). These concentrations are higher than hydrogen concentrations at other
part of the Ash Landfill, which range from 0.001 pg/L to 0.052 pg/L (Table 6-5 and Table 6-6).

Removal of the target compounds, TCE and ¢1,2-DCE, were used as the indication of treatment

effectiveness. Table 6-2 presents a summary of the groundwater analytical data collected for
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TCE and ¢1,2-DCE from the four quarterly monitoring events. The northern transect includes
monitoring wells MWT-1, MWT-2, and MWT-3, the middle transect includes monitoring wells
MWT-4, MWT-5, and MWT-6, and the southern transect includes monitoring wells MWT-7,
MWT-8, and MWT-9, Included in this table is an indication of the percent reduction of these
two compounds. Percent reduction was calculated as the ratio of the concentration within the
reactive wall to the upgradient concentration. Since the monitoring well installed within the
reactive wall is not at the most downgradient edge of the wall (but still within the wall), the
concentrations obtained from these wells are likely to be higher than the final effluent
concentration since additional treatment will occur as the groundwater moves past the
monitoring well within the wall. The downgradient concentration (from the well just outside the
wall) was not used for this calculation due to the presence of residual contaminated groundwater
that will require additional time to be flushed from the aquifer. Figures 6-1 through 6-12
presents the concentrations of the target conipound, TCE, c1,2-DCE, and the degradation
endpoint analytes, ethene, ethane and methane. Other components, normally present in
groundwater, such as chloride, sulfate, nitrate, phosphate, iron, calcium, pH, alkalinity and total
dissolved solids are also presented in these figures. Each of the four monitoring events is
provided in a series of three figures. For example, Figure 6-1, Figure 6-2 and Figure 6-3
present the results from the first quarterly monitoring event performed in April 1999,
approximately 4 months following installation of the reactive wall. Figure 6-4, Figure 6-5 and
Figure 6-6 present the results from the second quarterly monitoring event performed in June
1999. Figure 6-7, Figure 6-8 and Figure 6-9 present the results from the third quarterly
monitoring event performed in September 1999. Figure 6-10, Figure 6-11 and Figure 6-12
present the results from the fourth quarterly monitoring event performed in January 2000.
Appendix C provides a tabular compilation of the chemical data used to assess the effectiveness
of the reactive wall.

Analytical results presented in Table 6-2 indicate that the reactive wall is effectively reducing
TCE. Removal efficiencies range from greater than 50% to greater than 99.8%. The average of
these removal efficiencies calculates to greater than 75%. The actual average removal is likely
higher than this since this average is affected by several removal efficiencies that are greater than
50% and greater than 66%. These removals are the result of low upgradient TCE concentrations
and non-detectable concentrations within the wall. In many instances the TCE concentration
within the reactive wall were non-detectable, therefore, the removal efficiencies can only be
estimated as being greater than the detectable concentration limit. TCE concentrations in wells
upgradient of the reactive wall range from 530 pg/L to 2 pg/L. TCE concentrations in wells.
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within the reactive wall ranged from non-detectable levels (less than 1 pg/L) to 3 pug/L. TCE was
detected in the reactive wall at 1 pg/L only once out of the four quarterly rounds of sampling. In
all instances the concentration of TCE within the wall were below the NYSDEC AWQS GA
criteria of 5 ng/L. Figures 6-1, 6-4, 6-7, and 6-10 provide the concentration obtained and the
location of these data. TCE and c1,2-DCE concentrations upgradient, within, and downgradient
of the reactive wall for each sampling event are shown in Figure 6-13; results for the two end
wells, MWT-10 and MWT-11 are not shown.

Analytical results for ¢1,2-DCE concentrations indicate that overall removal efficiencies are
similar to those obtained for TCE, however, concentrations of ¢1,2-DCE within the reactive wall
are higher than those for TCE. Excluding the one instance when flow was reversed, i.e. no
treatment, but including ‘the two instances when the wall concentration was higher than the
upgradient concentration, i.e. zero rerhoval, the removal efficiencies ranged from 0% to 98.5%,
with the average removal being 66.3%. The increase in c¢1,2-DCE within the wall is due to the
production of ¢1,2-DCE as TCE is degraded in the wall, and in some instances the walls inability
to further degrade the c1,2-DCE. The concentrations of ¢1,2-DCE in wells upgradient of the
reactive wall range from 6 pg/L to 82 pg/L, whereas, concentrations of c¢1,2-DCE within the
reactive wall ranged from non-detectable at 1 pg/L to 55 pg/L. The concentration of ¢1,2-DCE
within the wall met the NYSDEC AWQS Class GA standard of 5 pg/L. for 4 out of the 12
monitoring wells sampled during the four quarters of sampling.

The amount of reduction of ¢1,2-DCE varied during each sampling event and at each location
along the reactive wall. For example, in September 1999, c1,2-DCE concentrations within the
wall in the northern and middle transects met the GA standard, while in the southern transect the
concentration of ¢1,2-DCE was just slightly above the standard of 5 pg/L, at a concentration of 7
pg/L (Figure 6-13). However, in January 2000, none of the c1,2-DCE concentrations in the wall
met NYSDEC Class GA standards; from northern to the southern transect the c¢1,2-DCE
concentrations were 23 pg/L, 7 pg/L, and 55 pg/L, respectively.

From a review of the data presented in Table 6-1, these variations in treatment performance
appear related to iron residence time within the wall. During the April 1999 sampling event, the
upgradient concentration of ¢1,2-DCE was 49 pg/L and the concentration of ¢1,2-DCE within
the wall at the middle transect was 0.7 J pg/L. This corresponds to a removal of 98.5%. The
calculated equivalent reactive iron residence time for the middle transect during this event was
1.62 days. The design residence time (in contact with iron) was established at 1.25 days,
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therefore, an iron residence time higher than 1.25 days should provide adequate treatment, which
in this instance was true. The same relationship is true for the southern transect where the
removal efficiency is greater than 95% and the iron residence time is 1.22 days. However,
during this same event, the removal efficiencies for the northern transect were only 63% and the
iron residence time was 0.36 days, which is below the residence time design requirement of 1.25
days. These data indicates that flow through the wall is variable and therefore treatment

efficiencies, which are dependent upon sufficient residence time, will also vary.

During the June 1999 sampling event, the upgradient concentration of ¢1,2-DCE was 82 pg/L’
and the concentration of ¢1,2-DCE within the wall at the middle transect was 20 pg/L. This
corresponds to a removal of 75.6%. The calculated iron residence time for the middle transect
during this event was 2.03 days. Since the residence time was greater than 1.25 days, adequate
treatment should have occurred and the concentration within the wall should be lower than 20
pg/L. It is possible that since the c¢1,2-DCE influent concentration of 82 pg/L was the highest
measured from all of the monitoring events, it caused this slug of ¢1,2-DCE to surpass the trench
cdpacity as expected from the design criteria. The relationship between percent reduction and
residence time holds true for the northern transect where the removal efficiency is 81.3% and the
iron residence time is 2.54 days. However, during this same event, the removal efficiencies for
the southern transect were only 0% since the concentration within the wall was higher than the
upgradient concentration.

During the September 1999 sampling event, the upgradient concentration of ¢1,2-DCE was 40
pg/L and the concentration of ¢1,2-DCE within the wall at the middle transect was 5 pg/L,
corresponding to a removal of 87.5%. The calculated iron residence time for the middle transect
during this event was 2.70 days. Since adequate treatment was attained and sufficient residence
time was provided, the wall was operating as expected. However for the southern transect, the
upgradient concentration of ¢1,2-DCE was 25 pg/L. and the concentration of ¢1,2-DCE within
the wall at the southern transect was 7 pg/L, corresponding to a removal of 72% with a iron
residence time of 0.43 days.

During the January 2000 sampling event, the upgradient concentration of ¢1,2-DCE was 72 pg/L
and the concentration of c¢1,2-DCE within the wall at the northern transect was 23 ng/L,
corresponding to a removal of 68.1%. The calculated residence time for the northern transect
during this event was 0.85 days. At this location adequate treatment was not attained and the

iron residence time was less than desired. At the middle transect, the upgradient concentration of
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¢1,2-DCE was 58 pg/L and the concentration of ¢1,2-DCE within the wall at the middle transect
was 7 pg/L, corresponding to a removal of 87.9% with an iron residence time was 1.62 days.
Thus, the expected target concentration of 5 jg/L was not attained even though the iron
residence time was greater than design iron residence time of 1.25 days. At the southern
transect, the concentration within the wall was higher than the upgradient concentration,
therefore, the percent removal was considered to be zero.

In summary, the analytical data indicates complete removal of TCE within the reactive wall.
Although the removal of ¢1,2-DCE is observable, concentrations of ¢1,2DCE remain above the
target level of 5 pug/L. Residence times less than the design goal of 1.25 days are the most likely
reason for the higher than expected concentrations of ¢1,2-DCE within the reactive wall. “The
relationship between residence time and percent removal is a function of the hydraulic behavior
of the reactive wall. The following section describes the hydraulic performance of the wall in
more detail.

6.2 HYDRAULIC PERFORMANCE RESULTS and CONCLUSIONS

Variation in groundwater velocities throughout the length of the reactive wall is a likely reason
for the variability of reductions observed during the demonstration study. These variations in
groundwater velocities are thought to result from unexpected differences in the hydraulic
conductivity of the glacial till/weathered shale, with possible influences from the buried remains
of former on-site structures. Hydraulic conductivity in the glacial till/weathered shale were
obtained from in-situ slug testing. Similar tests were performed during the RI on several
monitoring well throughout the site. Slug testing in the immediate vicinity of the wall indicated
that hydraulic conductivities of the aquifer materials were greater than that observed for the
undisturbed till/weathered shale during the RI. Table 6-3 presents the hydraulic conductivities
and the associated groundwater velocities that were measured at the reactive wall transects. The
slug test data and the analysis of the data are provided in Appendix B. Only the upgradient and
downgradient monitoring wells were tested due to the effect that the small diameter size of the
monitoring wells, within the reactive material, may have on the test. The hydraulic conductivity
of the sand/zero valence iron within the trench was obtained from an ex-situ falling head
permeability test. This test was conducted prior to installation of the reactive wall. The
hydraulic conductivity of the reactive material was determined to be 21 feet/day.
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Hydraulic conducfivity is considered to be an important parameter to understand the movement
of groundwater with a passive treatment scheme such as the reactive wall. Treatment
effectiveness is directly related to the groundwater flow velocity and residence time of the
groundwater within the reactive wall.

Equation 6 was used to calculate the velocity of groundwater through the wall.

V= [Equation 6]

where:
v = groundwater velocity (ft/day),
K= ave. hydraulic conductivity, upgradient, within the wall and downgradient (ft/day),
i = hydraulic gradient, change in water elevation over distance between upgradient and
downgradient wells, ft/ft, and
ne = effective porosity, volume of voids over total volume of soil (assumed to be 0.15)
cm3/cm3.

The results of slug tests performed in all monitoring wells upgradient and downgradient of the
reactive wall (within 2.5 feet) indicate that hydraulic conductivity values ranged from 0.4 ft/day
to 55 ft/day (Table 6-3). Many of these conductivities are considerably greater than the average
hydraulic conductivify of the till/weathered shale aquifer, which was determined to be about 1
ft/day (range of 0.1 ft/day to 2 ft/day), based on data in the Remedial Investigation (RI) report
(Parsons Engineering Science, 1994) (Appendix B). Hydraulic conductivities near the southern
section of the wall were 4 ft/day and 7 ft/day in monitoring wells MWT-7 and MWT-9,
respectively. Hydraulic conductivities are somewhat higher in downgradient wells in the
western portion of the reactive wall (MWT-6 and MWT-9), compared to the upgradient wells
(MWT-4 and MWT-7). This could be due to disturbances caused during the excavation of the
foundation uncovered on the downgradient side of the wall or to an unusually thick layer of
weathered shale. The thick layer of weathered shale is identified in the boring log for MW-29,
which is located just upgradient of these locations (Appendix B). At the northern section of the
iron wall, hydraulic conductivities are unusually high (34 ft/day at MWT-1 and 28 ft/day at
MWT-3). This is likely to be due to gravel material at this location, the remains of an old
leachfield (Figure 4-2).
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Because the actual hydraulic conductivities measured in the immediate vicinity of the reactive
wall were greater than those used to design the wall, it is likely that localized, high groundwater
velocity zones exist near the trench. These high velocity zones have the potential to transmit
groundwater through the trench at a rate that exceeds the design residence time. The variability
of the hydraulic conductivity along the wall is evident from Table 6-3. In the northern portion
of the wall, the hydraulic conductivities were 33.8 feet/day and 28.3 feet/day for MWT-1 and
MWT-3, respectively. In the middle and southern portion of the reactive wall the hydraulic
conductivities were 3.9 feet/day, 8.6 feet/day, 3.8 feet/day and 7.4 feet/day for MWT-4, MWT-6,
MWT-7 and MWT-9, respectively. The hydraulic conductivity in MWT-10 was the highest
measured at the site, at 55.1 feet/day. At the opposite, southern, end of the reactive wall the
hydraulic conductivity was the lowest measured during the demonstration study at 0.39 feet/day.
Compared to the hydraulic conductivities obtained during the RI, which ranged from 0.1 feet/day
to 2 feet/day, there appears to be a significant difference in the hydraulic properties of the
material in the vicinity of the reactive wall. At the southern portion of the wall, the thickness of
the till thickens to approximately 12 feet. Monitoring wells MWT-7, MWT-8 and MWT-9 are
located within this thick till zone. Figure 4-1 provide a cross-section view of the till thickness
along the reactive wall. The hydraulic conductivities, combined with the thickness of the till in
this portion of the wall, appear to be providing a pathway for contaminant transport. This
preferred pathway is observable from the plume maps Figure 2-3, Figure 2-4 and Figure 2-5,
which show a shift towards the southern portion of the reactive wall. This coincides with the
area where the glacial till is known to be the thickest.

During the installation of the reactive wall a previously unknown leaching field was uncovered
along the northern portion of the reactive wall, which is likely responsible for the high velocities
observed in this region of the wall. The leach field appeared to be approximately 4 to 5 feet
below the ground surface and consisted of a bed of gravel with drain pipe occasionally observed
within the gravel. Following the installation of the wall, historical information was uncovered
that identified the presence of a former building foundation in the middle and southern portion of
the reactive wall. The building foundation may also have affected the subsurface during
excavation of the building foundation. The approximate location of these items and their
proximity to the reactive.wall are presented on Figure 4-2. The increased conductivities would
increase the velocity of the impacted groundwater through the wall, and subsequently shorten the
residence time required to treat the chlorinated compounds.
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At the northern transect of the wall, where the leaching field exists, groundwater elevation and
effectiveness of treatment appear related. At times when the groundwater table was high, there
was less effective treatment of ¢1,2-DCE, which may be due to the higher groundwater flow
velocities through the former leaching field materials. However, when the water table drops, the
impacted groundwater flows through material that is more representative of the natural till
material, which has a lower conductivity, which results in an increase in the residence time.
During April 1999 and January 2000, when the groundwater elevations were relatively high,
effluent c¢1,2-DCE concentrations were 27 pg/L and 23 pg/L, respectively, but during June 1999
and September 1999 when groundwater elevations were lower, effluent c1,2-DCE concentrations
were 6 pg/L and 0.6 pg/L, respectively. Thus, the changes observed in reduction of ¢1,2-DCE
concentrations appear to be due to higher than expected velocities through the reactive  wall
during times of elevated groundwater when groundwater reaches the level of the leaching field,
which is approximately 4 to 5 feet below the ground surface.

VariaBility in the velocity field around the treatment wall is the most likely cause for the
inconsistencies observed in the performance of the treatment wall. These velocity variations are
believed to be caused by the presence of man-made subsurface disturbances in the ground that
were not known during the treatment wall design. These disturbances include a former building
foundation along a portion of the wall (although the depth of the former foundation is not
known) and a former leaching field near the northern extent of the wall.

An additional factor to be considered isthe greater than expected influent concentrations that
were observed in the upgradient monitoring well, MWT-7, of the southern transect. The
concentration of TCE and ¢1,2-DCE were higher than the anticipated design concentration. The
reactive wall was designed for maximum TCE and c1,2-DCE concentrations of 260 pg/L and
150 pg/L, respectively. These were the highest TCE and c¢1,2-DCE concentrations observed
historically at the site in the area of the reactive wall. During the demonstration study, the
influent TCE concentrations measured in upgradient wells at the northern and middle transects
were below the design concentration, however, at the southern transect the influent
concentrations were between 430 pg/L and 530 pg/L, which is at least twice as high as expected.
Although the influent concentrations of ¢1,2-DCE ranged from 6 pg/L to 82 pg/L, which are less
than the design maximum, the amount of ¢1,2-DCE produced during the reductive dechlorination
of TCE is not accounted for. It is likely that because of the high concentrations of TCE entering
the wall there is insufficient time to completely decompose all the TCE and the ¢1,2-DCE. The
trend is consistent with the residence times calculated for the southern transect and the
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concentration of ¢1,2-DCE in the well, MWT-8, located within the wall. For example, during
the June 1999, the September 1999 and the January 2000 monitoring events the influent
concentration of TCE at MWT-7 were 530 pg/L, 480 pg/L and 480 pg/L, respectively. The
concentration of ¢1,2-DCE in the monitoring well, MWT-8, located within the reactive wall was
42 pg/L, 7 ug/L and 55 pg/L, respectively, which are all above the target concentration of 5
pg/L. The residence times for the southern transect for these three events were 0.66 days, 0.43
days and 0.42 days, which are less than the design residence time of 1.25 days. Therefore, the
inability of the reactive wall to achieve the target concentrations is likely due to higher than
expected groundwater velocities (caused by the higher hydraulic conductivities of the subsurface
materials), which resulted in a less residence time than was expected, and, in addition, to influent
concentrations that were higher than expected.

Results of groundwater analyses from wells installed just beyond the ends of the reactive wall
indicate that the chlorinated solvents plume at the Ash Landfill site was captured by the reactive
wall. TCE and ¢1,2-DCE concentrations in the wells installed to the north and south of the
_ reactive wall (MWT-10 and MWT-11) were below NYSDEC Class GA standards in all four
rounds of groundwater sampling. In most instances, the concentrations within these wells were
below detection limits. The only exception was the c1,2-DCE concentration (6 pg/L) found in
MWT-10 at the northern end of the wall in April 1999 (Figures 6-1, 6-4, 6-7 and 6-10),

The demonstration study assessed the possible decline in the performance of the reactive wall
due to precipitation of minerals and eventual loss of porosity in the reactive material. While
there is no direct evidence of porosity loss in the wall, there is some associated evidence
(groundwater chemistry data) that suggest that mineral precipitation is occurring. The evidence
is the alkalinity and calcium data that were measure in the upgradient wells relative to the
concentrations measured in wells located within the wall. The concentration of alkalinity and
calcium were lower in wells within the wall compared to the concentrations measured
immediately upgradient of the wall in the 2nd, 3rd, and 4th rounds of sampling. The loss of
alkalinity and calcium is an indication that some precipitation is occurring within the wall. As
chlorinated compounds are reduced and iron is oxidized, the pH within the wall increases. At
elevated pH levels, bicarbonate ions in solution convert to carbonate ions, which are less soluble,
This leads to the precipitation of carbonate minerals, which may explain the decrease in calcium
concentrations and alkalinity levels within the wall. The carbonate ions may precipitate as calcite
(CaCO3) or siderite (FeCO3.)
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In determining whether there would be a loss in porosity, due to precipitation, within the reactive
wall over time, water level measurements were made on a monthly basis to observe the behavior
of groundwater in and around the reactive wall. Although the monitoring period was short to
observe such effects, if increases of hydraulic head were observed upgradient or within the
reactive wall then there may be an indication that precipitation of insoluble carbonate salts could
be fouling the wall by decreasing the porosity. Groundwater elevations were made on a monthly
basis between April 1999 through February 2000 for the study duration and are presented in
Table 6-3. The data, plotted in Figures 6-14 through Figure 6-23 did not indicate that
significant mounding was occurring. In some months, water elevations in upgradient wells were
actually lower than in wells within the wall. This is especially true for the north transect of the
wall, where in the months of May, August, September, October, and December, the upgradient
~ well (MWT-1) had either a lower or equal water elevation than MWT-2, the well within the
reactive wall (Figures 6-15, 6-18, 6-19, 6-20, and 6-21).

In addition to the observations made in the field, an estimation was made of the. maximum
amount of carbonate that could form. For this estimation, it was assumed that groundwater
would continue to flow through the reactive wall if its porosity was greater than 15%, which is
the estimated effective porosity of the surrounding aquifer. The porosity of the iron/sand
mixture in the reactive wall was estimated at approximately 40%. Results of theoretical
calculations indicate that the maximum theoretical porosity loss due to carbonate precipitation is
3.5% per year (see Memorandum of March 2, 2000 in Appendix D). At this rate, it would take
approximately 18 years to reduce the porosity within the reactive wall from 40% to 15%. If the
porosity of the wall were to become less than that of the surrounding aquifer, then groundwater
would tend to pass around the sides of the reactive wall.

In general, groundwater flows east to west, following the slope of the land. However, the
monthly groundwater elevation monitoring suggests that beginning from approximately June
1999 to October 1999, the flow direction shifted to a southeasterly direction. This shift in A
direction is observable by a review of the groundwater elevation figures (Figure 6-14 through
Figure 6-23). This shift is evident in Figure 6-17 for the month of July 1999. The movement of
groundwater appears to move toward the south in this month. The presence of the permeable
material within the reactive wall may be increasing this effect. For example, during the July
1999 groundwater elevation measurement, the difference in hydraulic head between the
northernmost monitoring well,, MWT-10, and the southernmost monitoring well, within the
trench, MWT-8, is 3.14 feet, (629.67 —'629.53). The effect is also observable during the June
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1999 groundwater elevation and groundwater sampling event, where the difference in hydraulic
head between the northernmost monitoring well, MWT-10, and the southernmost monitoring
well within the trench, MWT-8, is 2.26 feet (630.98 — 628.72). In some instances, this north-
south movement coincides with concentrations that were above the target concentrations.
During the June 1999 sampling event, the concentrations of c¢1,2-DCE in the middle and
southern transect wells within the wall were above the target concentration of 5 pg/LL. The north-
south trend in groundwater movement is noticeable until December 1999, when the difference in
hydraulic head between the wells in the trench suggest that the flow is more east-west than

north-south.

During the December 1999 monitoring event, the elevation at MWT-10 is 631.71 and the
elevation at MWT-2 is 631.73, which is approximately 190 feet away to the south. Therefore,
since the difference is only 0.02 feet the movement is most likely to the west rather than along
the north-south axis of the reactive wall. The east-west trend in groundwater movement is also
consistent during the following month of January 2000, when there is little evidence of a north-
south trend. However, the groundwater quality data collected during the January 2000 sampling
event does not coincide with what was observed during the June 1999 sampling event when the
groundwater movement shifted to a north-south trend. During the January 2000 sampling event,
the concentrations of ¢1,2-DCE in the northern, middle and southern transect wells within the
wall were all above the target concentration of 5 pg/L. This shift in groundwater flow direction,
although present, does not provide a reason to explain the reactive wall performance data
obtained from within the trench. If contaminated groundwater moves down the axis of the wall,
as suggested by the groundwater elevation maps, groundwater retention times would be greater
than if flow was directly through the wall, thus, such a path would afford more treatment time,
since the travel path would be increased rather than decreased.

The movement of groundwater during the summer and fall months shifts unexpectedly to the
south along the axis of the reactive wall. During the winter and spring months the shift is less
noticeable and flow is as would be expected from the east to the west, following the slope of the
land.

The groundwater velocities calculated in the immediate vicinity of the reactive wall are greater
than expected. The greater velocities are attributed to higher hydraulic conductivities in the
formation materials in which the trench was installed. The high conductivities are possibly due
to the combined influences of a former building foundation near the central portion of the trench
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and a former leaching field at the north end of the trench. Both of these former structures were
not known at the time of the initial trench design.

6.3 COMMENTS ON GROUNDWATER SAMPLING AND WALL INSTALLATION
WITH REGARD TO REACTIVE WALL PERFORMANCE

The comments provided below are intended to brovide explanation for some of the inconstancies
_ noted in the performance of the reactive iron wall.

Throughout the study, TCE and c1,2-DCE concentrations were higher in wells located
downgradient from the reactive wall than in wells located in the wall (Figures 6->1, 6-4, 6-7, 6-
10, and 6-13). The reactive iron within the wall reduced the level of chlorinated solvents as
evidenced by the decrease in chlorinated compound concentrations within the wall. However,
chlorinated compound concenirations increased once the groundwater exited the reactive wall as
observed in the downgradient well data. This observation is likely due to the presence of
residual chlorinated compounds in the aquifer material downgradient of the reactive wall. Over
time, as groundwater passes through the wall and enters the downgradient side of the aquifer,
TCE and ¢1,2-DCE that are present within the pore water of the silt and clay particles in the
aquifer at the toe of the plume will be reduced as the clean water mixes with the residual
groundwater. Additional comments on this phenomenon are provided by ETI, the developer of
the in-situ reactive iron wall technology (Appendix D).

Another possible cause for the observed inconsistent ¢1,2-DCE reduction in the reactive wall is
that non-representative groundwater samples were collected from within the wall. Non-
representative samples could have been collected if: 1) an excessive amount of water was
removed from the wells within the reactive wall during purging and sample collection, or 2) if
the wells within the reactive wall were not installed vertically.

Neither sampling or well installation methods are believed to have caused non-representative
groundwater samples to be collected and the resulting treatment wall inconsistencies observed
during the treatability study. First, to evaluate whether or not an excessive amount of water was
removed from wells within the reactive wall during purging and sampling, two items were
considered, a) the sampling methodology and b) the volume of water removed during each
sampling event. Because the residence time of the groundwater in the wall is dependent on the

distance it has flowed through the reactive wall, as well as the velocity within the wall, samples
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within the reactive wall were collected in such a way as to minimize the amount of purge water
and minimize the groundwater flow velocity to the well point. Samples were collected using a
very small diameter polyethylene tubing with a bottom check valve. The well was purged until
either: a) one well volume was removed, or b) field indicator parameters have stabilized,
whichever occurred first. In all cases, one well volume was removed before field indicator
parameters had stabilized.

In evaluating the volume of water removed during each sampling event, the amount of purge
water and sampling water was calculated. The area around the well from which this water could
potentially have been drawn (if drawn uniformly around the well radius) was calculated to
determine how far upgradient of the well water may have been collected (Table 6-4). The
potential distance upgradient that water may have been drawn was compared to the results during
the four rounds of groundwater sampling. If a greater amount of water removed from the aquifer
during the sampling event corresponded to less reduction of chlorinated compounds within the
reactive wall, then it may be possible that water having inadequate residence time was collected
from the french, making the sample non-representative. However, no such relationship was
observed. The amount of reduction of chlorinated compounds did not decrease when greater
quantities of water were removed during sampling. In addition, if such a relationship existed,
one would expect to observe elevated TCE levels within the reactive wall, having been drawn
from upgradient. This was not observed.

In addition, samples collected from a monitoring well that is not installed vertically may not be
characteristic of conditions within the wall, as noted by ETI in its Memorandum dated March 2,
2000 (Appendix D). Groundwater collected from improperly installed monitoring wells might
not. be representative of treated groundwater because it could have been collected from
upgradient regions where it has not had sufficient contact time with the reactive iron. However,
if this were the case, one would expect to find elevated levels of TCE within the samples .
collected from the reactive wall. Groundwater results do not support this explanation.
Monitoring wells within the reactive wall were installed using the direct push method as outlined
in Section 4.2. Since there was not much resistance in the jron/sand media, there is confidence
that the monitoring wells within the reactive wall were installed vertically.

Even though extreme care was taken to collect representative groundwater samples during the
treatability study, the relatively narrow width of the reactive wall did pose challenges in assuring

that absolutely representative samples were collected from the wall. One way to reduce the
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uncertainty in the representativeness of the wall samples is to conduct an additional round of
groundwater sampling using diffusion samplers, which are a relatively new technology that has
recently been demonstrated to be comparable to conventional purge sampling methods. The
diffusion method involves the placement of semi-impermeable polyethylene bags filled with
distilled water into the monitoring wells. Volatile organic compounds diffuse through the
polyethylene, and after being in place for at least 11 days, the samplers equilibrate with the
aquifer. This method eliminates the need to remove purge water prior to groundwater sampling.
The advantages of diffusion sampling are the elimination of artificial turbidity and mixing of
contaminated water with stagnant water caused by high speed sample collection, and the forcing
of screened and stagnant water into the aquifer in all directions, including upgradient when a
pump is inserted into a monitoring well. An independent evaluation of diffusion samplers is
provided in Appendix D.

Proper installation methods are required to ensure the optimal performance of the reactive wall.
Two aspects of the reactive wall installation that are important to its performance are: a) evenly
distributed iron within the reactive wall and b) iron media that extends down to intercept the
entire groundwater plume.

Based on the planning and execution during wall installation, we do not believe that improper
installation of the reactive wall is a cause for the inconsistent performance observed in the
treatability study. Additional information to support this is provided below.

Heterogeneity of the iron and sand mixture within the wall could potentially result in
inconsistent performance. Uneven mixing of iron and sand prior to installation could potentially
result in sections along the wall with less than adequate quantities of iron. Groundwater flowing
through sections of the reactive wall with less than the required volumetric percentage of iron
would not have sufficient residence time with the iron to adequately reduce the chlorinated
compounds present.

Based on review of the installation records and the in-field testing that was performed on the iron
and sand mixture prior to installation, the iron and sand reactive mixture was mixed in proper
proportions and for an adequate amount of time to result in uniform mixing. Therefore, it is not
believed that regions of low iron content exist along the reactive wall. As indicated in Section 4,
the volumetric ratio of iron to sand was verified by Parsons ES and ETI field engineers to be

between 50% to 88%, equal to or greater than the design ratio of 50%. In addition, samples were
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collected from every mixed batch to verify the volumetric ratio of iron and sand. While field
tests performed prior to installation showed that the desired ratio of iron and sand was: installed
in the reactive wall, analysis of core samples from the wall would be a method to confirm that
the desired ratio of iron and sand actually exist.

Improper depth of the reactive wall could also result in failure of the reactive wall to capture the
entire thickness of the groundwater plume. If the trench in which the iron/sand mixture was
placed was not excavated to competent shale, then a portion of the groundwater plume could bé
flowing beneath the wall. Additionally, if groundwater monitoring points within the trench were
screened beneath the iron/sand mixture, untreated groundwater would be collected. For reasons
presented below, the depth of installation of the wall is not believed to contribute to its
inconsistent performance.

During installation of the iron trench, test pits were dug every 100 feet to determine the depth to
the top of the competent shale. Then, the continuous, laser-guided trencher excavated in a
straight line between every 100-foot depth measurement, and while it is possible that a small
localized dip in the top of competent shale existed between the two test pits, we believe this
method was adequate to ensure that the iron and sand mixture was installed all the way to
competent shale. Monitoring well point installation logs in the trench indicated that the points
were installed to the top of competent shale, which was.also the depth to which the reactive wall
extended, Also, if the iron was not installed to the depth of the competent shale and untreated
groundwater flowing beneath the iron was collected from well points within the wall, one would
also expect to find TCE in these samples. However, no TCE was detected in any of the samples
collected from within the reactive wall. For these reasons, it is not suspected that improper depth
of installation of the wall is a significant cause for the inconsistent performance observed.

6.4 RESULTS OF GROUNDWATER MONITORING AT THE ASH LANDFILL -
OCTOBER 1999 AND JANUARY 2000

During the demonstration study two additional complete rounds of groundwater sampling
(October 1999 and January 2000) were also performed that included all existing monitoring
wells in addition to the monitoring wells installed to monitor the reactive wall. Results of this
additional groundwater sampling are presented in Figure 2-4 and Figure 2-5. The data posted
in these two figures are provided in tabular form in Appendix E. In general the groundwater

plume appears to have remained in a similar configuration to that identified following the
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completion of the Interim Remedial Measure (IRM) in June 1996 that thermally treated
approximately 34,000 tons of VOC contaminated soil. The concentration of VOCs at MW44a,
located within the former source area have remained similar to when the collected in June 1997.
In June 1997, the concentration of total VOCs at MW44a was 930 pg/L. In October 1999, the
concentration of total VOCs at MW44a was 1,104 pg/L. and in January 2000, the concentration
of total VOCs was 399 pg/l. A well useful in determining if the groundwater plume is migrating
is MW-56, which is located approximately 250 feet beyond the depot boundary. In June 1997,
the concentration of total VOCs was 1.6 pg/L. In October 1999, the concentration of total VOCs
at MW-56 was non-detectable at 10 pg/L and in January 2000, the concentration of total VOCs
was non-detectable at 1 pg/l. Therefore, it appears that the plume has remained as previously
shown following the IRM.

The two additional complete rounds of groundwater sampling (October 1999 and January 2000)
data were also used in Section 7 for the following purposes:

A synoptic round of groundwater conditions had not been obtained since the completion of the
IRM. Reductions in groundwater concentrations in and around the former source area were
essential for future remedial decisions.

VOC results (Appendix E) were a requirement for future design efforts that could include
additional reactive walls. Section 7.4.2 discusses how residence times based of VOC results of
the groundwater monitoring were used in the design of additional reactive walls.

Indicator parameters and field measurements were collected to understand if natural
biodegradation is occurring at the site. Field measurements are listed in Table 6-5 and Table 6-
6, for Round 1 (October 1999) and Round 2 (January 2000), respectively. These tables also list
optimum conditions for indicator parameters that would be required for biological reductive
dechlorination to be an active USEPA (1998).

The results of the two recent rounds of groundwater sampling were also compared to previous
groundwater sampling conducted at the Ash Landfill. The following observations were made
based on the recent monitoring results:

There has not been an overall decrease in chlorinated ethene concentrations at the Ash Landfill
from 1996 to 1999; only seasonal fluctuations confirming previous conclusions about the site
that natural degradation of chlorinated ethenes occurs at a very slow rate.
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Indicators of biological degradation, such as increased concentrations of sulfide, methane or
ferrous iron were observed in October 1999 and January 2000. There has be and no
corresponding decrease in sulfate and nitrate/nitrite levels from September 1998 (Appendix E)
to October 1999. This means that other biological activities such as sulfate reduction methane
generation and denitrification continue to occur at slow rates.

Low total organic carbon (TOC) concentrations were observed in September 1998 (Appendix
E), October 1999, and January 2000. These concentrations were below 20 mg/L, which is the
optimum level for biological reductive dechlorination as suggested by USEPA (1998).
Oxidation-reduction potentials (ORP)s are variable throughout the aquifer. Near the former
source area, they were mostly higher than 50 mV, which indicates that reductive dechlorination
is not likely to occur according to USEPA (1998), however, at PT-18 in October 1999 ORP was
well below this value indicating that reductive chlorination is possible. Farther away from the
former source area (at PT-21A and MW-46) there is evidence that reductive dechlorination is
possible, as indicated by oxidation-reduction potentials that are lower than 50 mV. Even at these
areas, ORPs are still not below the optimum level of -100 mV.

Hydrogen concentrations are lower in the source area than at other parts of the Ash Landfill. In
- MW-12A and MW-21A hydrogen concentrations were below detection limit in both rounds of
groundwater sampling.

In summary, the conditions within the aquifer do not support natural biodegradation as a
significant process in reducing the concentrations of chlorinated ethenes. The lack of a robust
environment for natural degradation may be mostly due to a lack of a source of carbon. Addition
of a carbon source at the Ash Landfill would possibly be an alternative to enhance biological
activity especially at the source area where hydrogen has been detected only at low
concentrations or not at all. |

PAPIT\Projects\SENECA\IRONTRNC\DraftMemo\final\Sec-6d.doc . . August 2000
Page 6-18



Seneca Army Depot Activity . Draft Ash Landfill Feasibility Memorandum

7.0 FEASIBILITY OF ALTERNATIVES FOR GROUNDWATER REMEDIATION

This section presents focused groundwater treatment alternatives for the Ash Landfill site that
use in-situ zero valent jron as the treatment technology. These focused alternatives (or sub-
alternatives) are part of Alternative 3a - In-situ Treatment with Zero Valent Iron, which was
developed in the Feasibility Study (Parsons ES, 1996). This section also discusses the
procedures used for the conceptual design of the proposed zero valent iron wall(s) as well as
costs associated with the alternatives. The conceptual design is based on the results of the
- Treatability Study for the reactive iron wall, and the groundwater flow and transport modeling of
different treatment wall configurations, both of which are summarized below.

7.1 CONCLUSIONS OF TREATABILITY STUDY

As previously discussed in detail in Section 6, the treatability study results demonstrated that the
zero valent iron treatment wall at the depot boundary was effective since chlorinated compounds
in the reactive wall were reduced. Concentrations of TCE within the wall were degraded to
below detection limits and cDCE levels generally decreased. The TCE half-life estimated from
the field data, in general, confirmed the design TCE half-life. By-products of reductive
dechlorination (i.e., methane, ethane, ethene, and chloride) were also formed. In addition, the
chemical data documented that corrosion of iron was taking place as evidenced by the increased
pH and decreased redox potential within the reactive wall, and the generation of hydrogen. The
treatment wall was effective in capturing the chlorinated ethenes plume as indicated by
negligible amounts of TCE and cDCE in wells installed just beyond the ends of the reactive wall.
The design life of the existing boundary wall is estimated to be 18 years. During the treatability

study, no significant loss in porosity and negligible damming effects were observed within the
reactive wall,

Results of the treatability study also indicated that complex hydraulics exist at the existing
boundary wall. Groundwater flow through the wall was not uniform, and was greater than
expected due to unexpectedly high formation hydraulic conductivities. Half-lives of cDCE that
were estimated based on field data were not consistent. Influent concentrations of TCE and
cDCE were higher than expected at one part of the wall, although the wall was designed to treat
groundwater with these higher concentrations. Therefore, while the overall treatability results

proved to be successful, there was some field evidence (e.g., complex hydraulics and
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inconsistent half-life for cDCE) that must be considered in the selection of the final design
parameters (Section 7.4).

7.2 CONCLUSIONS OF GROUNDWATER MODELING TO ASSESS IRON WALL
CONFIGURATIONS

Groundwater flow and solute transport modeling was used to evaluate four designs of additional
continuous, zero-valent (reactive) iron walls at the Ash Landfill, and to assess the potential
impact of the plume on the downgradient Farm House wells. A summary of the modeling results
is presented below. The modeling report is provided in Appendix E.

The wall designs (scenarios) evaluated in the modeling, all of which supplement the existing iron
(boundary) wall that was installed on the site in 1998, were as follows:

1. Scenario 1 — One additional cut-off wall (located at the middle of the plume) installed
perpendicular to the direction of groundwater flow; '

2. Scenario 2 — Two additional cut-off walls (located at the middle and at the source) installed
perpendicular to the direction of groundwater flow;

3. Scenario 3 — V-wall and parallel wall configuration; and

4. Scenario 4 — Multiple parallel walls and single cut-off wall.

Figure 2 of Appendix E shows the layout of the walls for each scenario.

The results of the wall design modeling showed that Scenario 2 (three cut-off walls) segmented
the total chlorinated ethenes plume and minimized the travel distances needed before it was
treated in the walls compared to the other scenarios. The Scenario 2 wall configuration indicated
that the plume would be remediated in approximately 15 years (Appendix E). Matrix-controlled
diffusion was identified as an important factor in evaluating the effectiveness of the scenarios
and clean-up times for the plume. Long-term diffusion of chemicals (e.g., TCE, ¢cDCE, and VC)
from the aquifer matrix was considered to be a significant factor at the site due to the presence of
the till aquifer, which has a relatively high silt and clay content. Therefore, the transport model
accounted for multiple flushes of pore water that would be ultimately needed to remove the
dissolved chemicals sorbed to the solid phase. Scenario 2 also considered the beneficial affects

of the addition of hydrogen (as an electron donor) to the aquifer from chemical reactions in the
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iron walls, which would increase the rate of microbial degradation of chlorinated hydrocarbons
in the zones between the treatment walls.

The results of the simulation to evaluate the potential for the plume to impact the wells at the
Farmhouse showed that a slug of the plume continued to move beyond the boundary reactive
iron wall, however, the concentrations within the slug were dégraded as they moved farther
downgradient of the wall. The simulation showed that a maximum concentration of
approximately 0.2 pg/L (total chlorinated ethenes) would reach a point approximately one-half
way between the depot boundary and the Farmhouse in approximately 25 years. At the
Farmhouse, the results indicated that the maximum concentration would be approximatevly two
orders of magnitude less than this (~0.008 ng/L) in about 40 years (Appendix E).

7.3 SUMMARY OF FOCUSED GROUNDWATER TREATMENT ALTERNATIVES
AT THE ASH LANDFILL

The focused groundwater treatment alternatives for the Ash Landfill were developed based on
results of the treatability study (Section 7.1) and the groundwater modeling (Section 7.2). These
alternatives, which fall under Alternative 3a in the FS, address the impacts upgradient of the
boundary reactive wall as well as the impacts downgradient of the boundary wall. These
alternatives are summarized in Table 7-1.

Alternative 1: One reactive wall (compliance wall) downgradient of the existing boundary wall
and natural attenuation of aquifer upgradient of boundary reactive wall. [This is a base case that
assumes a non-aggressive approach to remediate portions of the plume upgradient of the existing
boundary iron wall].

Alternative 2: One reactive wall (compliance wall) downgradient of existing boundary wall and
two reactive walls (source wall and middle wall) upgradient of the boundary wall. Carbon
addition upgradient of the source wall. [This is an aggressive approach that uses results of the

modeling (Scenario 2) to design the most effective reactive iron wall configuration to remediate
the plume].
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7.4 DESIGN OF CONTINUOUS REACTIVE WALLS

For the design of the reactive walls that are part of Alternatives 1 and 2, the following procedure
was used:

1. Determine the residence time - Recommended residence time is determined for the wall
based on degradation half-life and concentration of influent chlorinated ethenes at the proposed
_location of the wall using ETI’s software Scientist® for Windows® Ver. 2.0. Recommended.
residence time is the time chlorinated ethenes have to spend in a treatment zone made up of
100% iron until their concentrations reduce to within acceptable levels (5 pg/L for TCE and
¢DCE and 2 pg/L for VC). '

2. Calculate treatment wall thickness - Using the recommended residence time and the

maximum expected groundwaier velocity, the recommended thickness of the wall is calculated
using the following equation:

h=SF sy xi, x—9Y_
24 hour

[Equation 7]
where

h = recommended wall thickness, ft

SF = safety factor, SF =2

tpec = recommended residence time, hours

3. Determine length of wall - Length of the wall is determined based on the dimensions of the

plume at the proposed location of the wall.

4. Determine design life - Design life is determined based on the rate of precipitation of

minerals and consumption of iron. Time to treat the majority of the plume is determined based
on the groundwater modeling study. Determination of design life of the wall and treatment time
of groundwater are important in the evaluation of operation and maintenance cost of a proposed
reactive wall,

In order to follow the above design procedure, the following design parameters of groundwater
treatment systems have to be accurately determined:
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Half-life of chlorinated ethenes,

Concentrétions of influent chlorinated ethenes and residence time,
Groundwater velocity, ’

Length of wall,

Design life (based on rate of precipitation of minerals and consumption of iron), and

ARG S e

Time to treat the chlorinated ethenes plume.

7.4.1 Half-life of Chlorinated Ethenes

For the design of additional reactive walls, TCE was assigned a degradation half-life of three
hours, and ¢cDCE and VC both were assigned degradation half-lives of six hours. These are the
empirical values developed by ETI. The TCE half-life of three hours was supported by field data
gathered during the Treatability Study at the Ash Landfill. However, cDCE half-life values
calculated based on field data were varied (4 hours to 42 hours), and the higher values were not
considered to be representative, possibly due to inconsistencies in the hydraulic conductivities
and groundwater flow near the wall. The six-hour half-life for cDCE degradation was estimated
by ETI. This estimate is based on several bench scale column tests involving reaction of
chlorinated ethenes with 100% zero valent iron; the maximum value of their column test, 2.4
hours, multiplied by a safety factor of 2.5, is 6 hours (See memorandum of March 20, 2000 and
memorandum of March 24, 2000 in Appendix D). There was no bench scale column test
conducted specifically for the Ash Landfill site. However, a bench scale test was conducted for a
former industrial facility located in upstate New York. This site had characteristics and chemical
constituents similar to that of the Ash Landfill. Results of this test indicated that the half-life of
¢DCE is 1.5 to 4 hours. cDCE half-lives estimated based on field residence times and VOC
concentrations at the industrial site ranged from 3 to 5 hours (Vogan et al. 1999). Therefore, the
6-hour half-life for cDCE was considered to be a reasonable estimate (Appendix D.)

7.4.2 Concentrations of Influent Chlorinated Ethenes and Residence Time

For the determination of residence times necessary to reduce TCE and ¢DCE to below
concentrations of 5 ng/L, and to reduce VC to concentration below 2 ng/L, the concentrations of
influent contaminants had to be determined first. ETI provided the degradation data for these
influent concentrations. After plotting degradation data (Appendix F), maximum residence
times were selected for each system. Table F-1 includes these maximum residence times. The
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reasoning to support the representative of influent concentrations selected for each proposed
reactive wall is discussed below. '

Middle wall: To calculate the recommended residence time in the proposed middle wall (Figure
7-2), it was conservatively assumed that the maximum influent concentration would be similar to
the concentration measured in MWT-7 (TCE - 530 pg/L, cDCE - 32 ug/L, and VC - 15.5 ug/L),
which is about 500 ft away from the proposed location of the wall. The reason these influent
concentrations were chosen is because concentrations in wells at the proposed location of this
reactive wall (PT-22 and PT-20) are much lower than those measured in a downgradient location
(MWT-7). For example, in PT-22 TCE and c¢DCE concentrations are 74 pg/L. and 88 ng/L,
respectively and in PT-20 TCE and cDCE concentrations are 36 pg/L and 28 pg/L, respectively.
Thus, use of the higher concentrations ensures that the wall will accommodate higher than
anticipated influent concentrations: Using' the MWT-7 data; the recommended residence time
used for the design of the source wall was 33 hours.

Source wall: To calculate the recommended residence time in the proposed source wall (Figure
7-2), it was assumed that the maximum influent concentration at this location would be as high
as the concentration at the source of the plume. The three monitoring wells that are close to the
source are PT-12A, MW-44A and PT-18A. Based on ETI’s degradation model, it takes the most
time to degrade chlorinated ethenes in PT-18A, 59 hours. Therefore, influent concentrations at
PT-18A (TCE - 9,100 pg/L, cDCE - 1,100 pg/L, and VC - 270 pg/L) were used for the design of
this wall. Using the PT-18A data, the recommended residence time used for the design of the
source wall was 59 hours.

Compliance wall: The compliance wall (see either Figure 7-1 or Figure 7-2) has to be designed
based on maximum chlorinated ethene concentrations that are expected to exit the boundary
reactive wall, and considering the fact that, over time, TCE and ¢cDCE downgradient of the
boundary wall will eventually migrate to the compliance wall. The maximum effluent cDCE
concentration measured throughout the Treatability Study was of 55 pug/L, at MWT-8 in January
2000. (There was no TCE and VC at concentrations above detection limit in monitoring wells
within the wall throughout the Treatability Study.) For the determination of required residence
time, 55 pg/L was assumed to be the influent cDCE concentration. TCE and VC concentrations
in groundwater flowing into the new wall are assumed to be below the detection limit since they
were not detected in the effluent of the reactive wall in any of the four rounds of sampling. The
residence time using the influent cDCE concentration of 55 ug/L is 21 hours. The wall is
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designed with a factor of safety of 2, and therefore it has a maximum residence time of 2 x 21
hours, which is 42 hours. This time is enough to treat even TCE and ¢cDCE downgradient of the
boundary wall. The highest chlorinated ethenes concentrations downgradient (TCE - 52 pg/L,
Cdce - 150 pg/L, and VC - 4 pg/L) were measured in MWT-9 in June 1999. The time to treat
these concentrations to within acceptable levels is 31 hours which is less than the maximum
capacity of the wall. |

7.4.3 Groundwater Velocity

For the design of the existing boundary wall, the expected groundwater velocity was estimated
using the average of hydraulic conductivities measured at the Ash Landfill 1.03 ft/day (Parsons,
1994). For the design of additional reactive walls upgradient of the boundary wall (middle wall
and source wall)'a more conservative approach was used. For these walls the maximum
expected velocity was calculated using the maximum hydraulic conductivity measured at the
Ash Landfill, 2.21 ft/day (Parsons, 1994). For the design of the compliance wall, the highest
groundwater velocity that was measured along the reactive wall in the Treatability Study,
excluding the velocities measured at the former leachfield, was used. The maximum expected
velocities that were used for the design of the three proposed reactive walls are shown in Table
G-1.

Prior to installation of middle and source reactive walls, tWwo monitoring wells will be installed in
the area immediately upgradient of each of the proposed walls. At the compliance wall three
wells be installed. Results of slug tests at these wells and other nearby monitoring wells will be
used to confirm the hydraulic conductivity of the aquifer in the proposed wall locations and, if
necessary, these data will be used to make final revisions to the design (such as thickness of wall,
or location of wall).

7.4.4 Length of Proposed Reactive Walls

The length of the boundary reactive wall was determined so that it would extend 100 ft beyond
the 100 pg/L total chlorinated ethene contour line. Results of the treatability study at the Ash
Landfill indicated that the plume was captured to its full extent. Therefore, for the lengths of the
proposed reactive walls, a 100 ft clearance beyond the 100 pg/L total chlorinated ethene contour
line was used to determine the total length of the wall. Table G-3 has the dimensions of the
proposed reactive walls.
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7.4.5 Design Life (based on rate of precipitation of minerals and consumption of iron)

The design life of the reactive walls is affected by porosity loss and iron consumption. The
former affects the ability of the wall to transmit impacted groundwater, and the later affects the
ability of the wall to chemically treat the chlorinated organics dissolved in groundwater.

The design life of the existing boundary wall, 18 years, was calculated based on maximum
porosity loss estimation (Section 6.1). For the additional reactive walls the same design life was
assumed. This is a conservative assumption due to the fact that:

e Porosity loss is highly dependent on calcium content of groundwater and groundwater
velocity. Since the amount of calcium reduction in the proposed walls is not known, it was
assumed that the reduction in calcium in the proposed walls will be the same as the
maximum reduction in calcium in the boundary reactive wall, 144.5 mg/L. '

e A portion of the existing boundary reactive wall was placed in a highly conductive area of
the site (influence from former leaching field) and, it is assumed that the conductivity of the
area where the proposed walls are to be installed will be lower. Therefore, the amount of
mineral precipitation would be lower in these walls, which would result in an extended
design life.

Consumption of iron is another mechanism affecting the ability of the reactive wall to degrade
chlorinated ethenes. However, design life of the wall was not significantly affected by
consumption of iron. Consumption of iron can be due to corrosion in an aqueous system, VOC
degradation, or aerobic reaction with dissolved oxygen. Iron consumption was evaluated for all
of the proposed walls by ETI (memorandum of April 20, 2000, in Appendix D) and the results
show that iron is consumed after 642 years, 695 years, and 756 years for the proposed source
wall, middle wall and compliance wall, respectively. At this rate, after 18 years only 3 % of the
iron is used up in the source wall and the middle wall, and only 2 % of the iron is used up in the
compliance wall. Therefore, consumption of iron has only a minor influence on the design life
of the reactive walls.

Since porosity loss controls the design life of the reactive wall, agitation of the iron in the wall,
which combat porosity loss through mineral precipitation, will be performed every 10 years to
maintain consistent performance. This method is recommended by ETI (memorandum of April
20, 2000 in Appendix D). '
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7.4.6 Time to Treat the Chlorinated Ethenes Plume

One of the goals of the conceptual design is to develop an alternative that will remediate the
plume of dissolved chlorinated ethenes at the site in less than 30 years. This goal is based on
previous comments by EPA, which indicated a preference that the selected alternative meet this
goal.

7.4.7 Application of Vegetable Qil to Enhance Biodegradation of Chlorinated Ethenes

Natural attenuation was evaluated at the Ash Landfill as part of the Feasibility Study. Due to
long treatment times, it was not chosen to be the preferred remedial alternative. One reason for
this long treatment time is that the aquifer lacks a source of carbon that fosters anaerobic
biological reactions. Carbon sources (anthropogenic or natural organic matter) are necessary,
because they release hydrogen as they degrade. In turn, hydrogen is consumed by
microorganisms that use nitrate, Fe(IlI), sulfate, or CO2 as terminal electron acceptors.
Chlorinated ethenes can also function as electron acceptors, in reductive dechlorination, and they
compete with the terminal electron accepting processes noted above. Therefore, it is necessary
for hydrogen to be present at sites contaminated by chlorinated ethenes for biodegradation to
take place. At sites where carbon sources are low, the following can be done to enhance
biodegradation:

¢ A hydrogen releasing compound (HRC) can be applied. At the Ash Landfill, an HRC can be
the zero valent iron reactive wall. Corrosion of iron in the reactive walls can generate
hydrogen.

e A carbon source such as vegetable oil can be added to the aquifer.

The use of vegetable oil to enhance degradation of chlorinated ethenes has recently proven to be
effective. The application of vegetable oil was recently tested at DDHU, an army installation at
Ogden, UT (Parsons, 2000). The groundwater at the DDHU site was impacted mostly by

dissolved TCE. Vegetable oil was added to the aquifer and the groundwater was monitored over

a 63-day period. Some of the pertinent results from the pilot test conducted by Parsons are as
follows:

e Atthe injection well TCE concentration decreased from 624 pg/L to 4 pug/L in 22 days.
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e Downgradient from the injection well, TCE concentrations have generally decreased and
¢DCE and VC concentrations increased proving that reductive dechlorination was taking
place.

e The reaction zone (zone where vegetable oil is present) radius -of influence was 7 feet after
22 days, and influences from the reaction zone were apparent at least 10 ft downgradient
from the injection point. ' '

e The amount of vegetable oil required for a 10-ft diameter radius of influence in the aquifer
would be sufficient for a relatively long period of time, approximately 50 years.

7.5 FOCUSED GROUNDWATER REMEDIATION ALTERNATIVES

Below are two groundwater remediation alternatives for the Ash Landfill Site. The first
(Alternative 1) is a base case that includes a less aggressive approach that focuses on preventing
off-site migration of the plume of chlorinated ethenés, and the second (Alternative 2), which also
prevents off-site migration, provides an aggressive approach to address upgradient areas of the
dissolved chlorinated ethene plume.

7.5.1 Alternativ‘e 1: One Reactive Wall Downgradient of Existing Boundary Wall and
Natural Attenuation of Plume Upgradient of Boundary Wall

Alternative 1 uses a total of two reactive walls and it serves as a base alternative (Table 7-1).
This alternative uses the existing reactive wall at the depot boundary and a second wall to be
installed downgradient of the boundary wall. The second wall provides further support in
d'egrading the plume and, through the implementation of a monitoring program, ensures that no
VOC’s will impact the downgradient wells at the Farmhouse. In detail, the alternative involves
the following:

e Use of the existing boundary reactive iron wall (50% iron).

¢ Installation of a compliance continuous reactive wall made up of 100% iron on the west side
of the railroad line, about 100 ft downgradient from the existing boundary wall (Figure 7-1).
The wall would be 645 ft long, 8 ft deep, and 2.1ft thick.

o Installation of seven monitoring wells (MW-61, MW-62, MW-63, MW-64, MW-65, MW-
66, and MWT-12) to determine exact location of compliance wall and to monitor
groundwater beyond the SEDA boundary (Figure 7-1). Results of slug tests and VOCs
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analyses in selected monitoring wells near the proposed location of compliance wall will be
used in the selection of final location for the compliance wall (Table 7-2).

o In the first year, groundwater in wells around the compliance wall and in the compliance
wall (total of five) will be sampled twice and analyzed for VOC’s in order to document that
wall is working properly (Table 7-2.)

» Every year, eight wells near the compliance wall and in off-site locations will be sampled
and tested for VOC’s. The purpose of this monitoring is to monitor the performance of the
compliance wall and the possible off-site migration of the chlorinated ethenes plume. The
off-site sampling includes the sentry well, trigger well, and compliance well. The sentry
well is MW-56, and its purpose is as a warning signal that will indicate the movement of the
plume. The trigger well, MW-65, will be located halfway between the Farmhouse wells and
MW-56, the sentry well. The trigger well is a location where, if concentrations of chemicals
of interest are exceeded, immediate action will be taken to protect the source of water at the
Farmhouse (e.g., connection to the town water line and/or supply of drinking water). ‘The
compliance well, MW-66, will be located on the Farmhouse property and this location
defines the point at which the concentrations of constituents in groundwater must meet the
New York GA Standards (Table 7-2).

e Every year groundwater elevations throughout the entire site will be measured (a total of 67).
These measurements will indicate groundwater flow directions on the site and any mounding
of groundwater near the walls (Table 7-2).

e Every five years, 60 selected wells at the Ash Landfill will be sampled and tested for VOC’s
to document the changes in plume concentrations and extent of the plume. For wells in and
around the two reactive walls, groundwater will also be analyzed for inorganic parameters
such as sulfate, alkalinity, nitrate, total dissolved solids, phosphate, chloride, calcium,
magnesium, potassium, sodium, iron, manganese, and pH as well as methane, ethane and
ethene. Wells in the reactive walls will also be analyzed for hydrogen. The inorganic
parameters will be used to assess performance of the reactive walls and to assess the degree
of fouling of the iron (Table 7-2).

e Maintenance of the boundary and compliance walls will involve agitation of the iron/aquifer
interface with overlapping 1-foot augers. This agitation would be done once every 10 years.

According to results obtained from the groundwater and solute transport modeling, it is
estimated that it would take approximately 60 years to remediate the plume of chlorinated
organics dissolved in the groundwater at the Ash Landfill site. Under this alternative, the

existing boundary reactive iron wall and the compliance reactive wall would, through in-situ
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treatment, prevent further downgradient migration of the plume. Upgradient portions of the
plume would be treated mostly by natural attenuation, however, these portions of the plume are
expected to eventually reach the boundary iron wall where they will be treated.

7.5.2 Alternative 2: One Reactive Wall Downgradient of Boundary Wall and Two
Reactive Walls Upgradient of the Boundary Wall with Carbon Addition

Alternative 2 uses a total of four reactive walls (Table 7-1). This groundwater treatment
alternative involves the following;:

e Use of the existing boundary reactive iron wall (50% iron). .

¢ Installation of a middle reactive wall and source reactive wall, both made up of 100 % iron,
upgradient of the existing boundary wall. The middle wall, would be installed about 300 feet
east of the boundary wall and it would have a thickness of 1.2 ft, a depth of 9 ft, and a length
of 700 ft. The source wall would be installed closer to the former source area of the plume,
600 feet east of the boundary wall. This wall would be 2.1 ft thick, about 11 ft deep and 700
ft long (Figure 7-2).

¢ Installation of a compliance reactive wall made up of 100% iron located about 100 ft
downgradient from the existing boundary wall, on the west side of the railroad tracks
(Figure 7-2). The wall would be 2.1 ft thick, about 8 ft deep, and 645 ft long.

e Installation of 13 monitoring wells (MWT-12 to MWT-18, and MW-61 to MW-66) (Figure
7-2). Slug tests at selected monitoring wells will determine exact locations of ‘propo.se'd
reactive walls (Table 7-3). MW-65 and MW-66 are the trigger and compliance wells,
respectively. VOC results in monitoring wells nearby proposed location of compliance wall
will also aid in the selection of final location for the compliance wall.

e Vegetable oil will be applied to the portion of the plume that is upgradient of the source wall.
The vegetable oil is to act as a source of carbon for microbial degradation. Degradation of
oil will produce hydrogen, which is necessary for microorganisms that reduce chlorinated
ethenes. The oil will be introduced directly into the aquifer using a series of 20-foot long
trenches (Figure 7-2). The oil’s effect on the aquifer microorganisms is expected to last 50
years, therefore the oil will only have to be applied once. This will complement the hydrogen
addition to the aquifer that is expected from chemical reactions in the downgradient iron
walls. Together, the hydrogen addition from these sources is expected to help degrade the
chlorinated organics in areas outside the iron treatment walls faster than they would
ordinarily be degraded in the absence of increased hydrogen.
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e In the first year, groundwater in wells around newly installed walls (compliance wall, source
wall, middle wall) will be sampled twice and analyzed for VOC’s in order to document that
the wall is working properly (Table 7-3).

e Every year, eight wells will be sampled and tested for VOC’s. The purpose of this
monitoring is to monitor the performance of the compliance wall and the possible off-site
migration of the chlorinated ethenes plume. The off-site sampling includes the sentry well,
trigger well, and compliance well. The sentry well is MW-56, and its purpose is as a
warning signal that will indicate the movement of the plume. The trigger well, MW-65, will
be located halfway between the Farm House wells and MW-56, the sentry well. The trigger
well is a location where, if concentrations of chemicals of interest are exceeded, immediate
action will be taken to protect the source of water at the Farmhouse (e.g., connection to the
town water line and/or supply of drinking water). The compliance well, MW-66, will be
located on the Farm House property and this location defines the point at which the
concentrations of constituents in groundwater must meet the New York GA Standards
(Table 7-3). ‘

e  Every year groundwater elevations throughout the entire site will be measured (a total of 73).
These measurements will indicate groundwater flow directions on the site and any mounding
of groundwater near the walls (Table 7-3).

e Every five years, 66 selected wells at the Ash Landfill will be sampled and tested for VOC’s
to document the changes in plume concentrations and extent of the plume. For wells in and
around the four reactive walls, groundwater analysis will include analysis for inorganic
parameters such as sulfate, alkalinity, nitrate, total dissolved solids, phosphate, chloride,
calcium, magnesium, potassium, sodium, iron, manganese, and pH as well as methane,
ethane and ethene. Wells in the reactive wall will be analyzed for hydrogen as well. These
activities will be done in order to assess performance of the reactive walls and to assess the
degree of fouling of the iron (Table 7-3).

* Maintenance of the boundary, compliance, middle and source walls involves agitation of the

iron/aquifer interface with overlapping 1-foot augers. This agitation would be done once
every 10 years.

According to the results of the groundwater and solute transport modeling, the plume of
chlorinated ethenes will be remediated in approximately 15 years using the four reactive iron
walls with carbon addition in the upper portion of the plume. ’
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Seneca Army Depot Activity Draft Ash Landfill Feasibility Memorandum

7.6 COSTS OF FOCUSED GROUNDWATER TREATMENT ALTERNATIVES

Costs of both of the focused groundwater treatment alternatives for the Ash Landfill were
developed and evaluated. The total present worth costs for the alternatives are estimated as
follows:

Alternative 1:  $ 1,564,200
Alternative 2:  $ 2,705,300

The unit costs that were used in the estimates were based on the following source documents
(which are included in Appendix G):

e Costs provided by Peerless Metal Powders and Abrasive prior to installation of border
reactive wall. These costs include cost of iron filings including packaging and shipment to the
site.

e Costs provided by Diverse Solutions on April 14,2000. This includes the cost of excavation
and installation of reactive walls using the continuous trencher, and mobilization/demobilization,
backfilling, and revegetation.

e Cost associated with maintenance of reactive wails is $7/ft2, This cost was developed by
ETI in their April 20 Memorandum (Appendix D).

The following assumptions were used in the evaluation of costs associated with treatment of
groundwater at the Ash Landfill: '

* contingency (20%),
e engineering/oversight (20%), and
* interest (10%)

These percentages were also used in the cost estimates for the Feasibility Study.

Cost calculations are developed in Tables G-4 and G-6. Detailed costs of both treatment
alternatives are provided in Table G-7 and are summarized in Table 7-4.
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7.7 SELECTED ALTERNATIVE

Based on the analysis conducted in this focused feasibility memorandum report, Alternative 2, a
sub-alternative under Alternative 3a in the FS, is the preferred alternative to remediate the plume
of dissolved chlorinated organics at the Ash Landfill site. This alternative uses four reactive iron

walls and vegetable oil addition (Figure 7-2). The components of the alternative are as follows:

Compliance wall (proposed),
Boundary wall (existing),
Middle wall (proposed),

Source wall (proposed),

AN e

Hydrogen addition to the aquifer through chemical reactions in the iron walls and
through addition and degradation of vegetable oil (a carbon source) in the upgradient
portion of the plume.

The tréatability study results indicated that the in-situ reactive iron wall technology was effective
in treating groundwater that contains dissolved concentrations of chlorinated organics at the Ash
Landfill. The conceptual design for the proposed reactive iron walls carefully considers the
parameters that were shown to be integral to the effectiveness of the walls (e.g., hydraulic
conductivity of the aquifer, influent concentrations, resideiice time in the wall, % iron in wall).
In addition, this analysis incorporated the benefits of hydrogen addition to the aquifer, both
through chemical reactions in the iron walls and through degradation of vegetable oil (a carbon
source) introduced in trenches, which is expected to increase the rate of degradation of
chlorinated ethenes in the zones between the walls. Together, the reactive iron walls and
beneficial affects from hydrogen addition are expected to remediate the plume of chlorinated
organics in approximately 15 years.

The monitoring plan under Alternative 2 is designed to provide the necessary data to locate the |
position of the compliance wall; and to evaluate the effectiveness and longevity of the walls.
The plan also provides for periodic sampling to assess the progress in the remediation of the
plume on-site. A sentry well, trigger well, and compliance well, will be used to ensure that the
drinking water at downgradient receptors at the Farmhouse are not impacted by dissolved
chlorinated organics.
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Table 5-1
Sampling Plan for Ash Landfill Groundwater Treatability Study Using Zero Valence Iron Continuous Reactive Wall
Ash Landfill Feasiblility Memorandum

Seneca Army Depot Activity
1 o L
cleleizie|els|e|e |t (g
Well ID: § § E E E § § E § E § QA/QC (2) Total
Analysis Method No Number of Samples Collected During First Year (1)
Volatiles and Degradation Products
rb,tb,dup,
VOCs NYSDEC OLC 4 4y 4| 4] 4 4| 4 4] 4| 4| 4] 20/MS/MSD 64
Methane EPA Method 4 4 4 4 4 4 4 4 4 4 41  12|rb,tb,dup 56
Ethane RSKSOP- 41 4| 4| 4| 41 4| 4| 4| 4] 4| 4] 12{btbdup 56
Ethene 175 4 4 4 4 4 4 4 4 4 4 41 12|rb,ib,dup 56
Inorganic Parameters
Sulfate EPA 300.0 4 41 4] 4] 4] 4 4 4 4 4| 4 4|dup 48
Alkalinity EPA 310.1 4 4l 4 4 4] 41 4] 4 4 4 4 4|dup 48
Nitrate EPA 300.0 4] 41 4| 4| 4] 4] 4 4| 4] 4] 4 4|dup 48
TDS EPA 160.2 41 4l 41 41 4] 4] 4] 4 4] 4] 4 4|dup 48
Phosphate |EPA 365.2 4 4] 4] 4| 4] 4] 4| 4 4] 4 4 4}dup 48
Chloride EPA 300.0 41 41 41 4| 4] 4] 41 4 41 4| 4 4{dup 48
Calcium EPA 200.7 4] 4| 4 4| 4] 4] 4] 4 4| 4 4 4|dup 43
Magnesium |EPA 200.7 41 41 4] 4| 4] 4| 4] 4| 4 4] 4 4{dup 48
Potassium |EPA 200.7 41 4] 4] 41 4 41 4 4 4| 4 4 4|dup 48
Sodium EPA 200.7 41 4| 41 4| 4] 4] 4| 41 4] 4 4 4{dup 48
Iron EPA 200.7 4] 4} 4] 4] 4 4] 4] 4 4] 4 4 4|dup 48
Manganese |EPA 200.7 4 4 4 4 4 4 4 4 4 4 4 41dup 48
pH EPA 9040 4 4] 4] 4] 41 4| 4 4 4 4 4 4|dup 48
Hydrogen Chapelle, 1997 2 2 2 6
Note 1:

Samples were collected initially after well installation, three months after well installation, six months after installation and nine
months after well installation.

Note 2:

One set of QA/QC samples were collected during each sampling event.

rb-rinse blank, tb - trip blank, dup - duplicate, MS - matrix spike, MSD - matrix spike duplicate

Note 3:

pH, conductivity, temperature, turbidity, redox potential, dissolved oxygen, ferrous iron, and water level were also measured in field.
Note 4:

Water level measurements were conducted monthly from the eleven welis listed above as well as in PT-24, MW-29, MW-28, MW-27,
MW-53, PT-17, and MW-30.
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Table 6-1
pH and Redox Potential of Groundwater Flowing Into and Out of Reactive Wall
Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

pH and Redox Potential of Groundwater Flowing Into Reactive Wall

North Transect Middle Transect South Transect
pHat MW-T1 | Ehat MW-T1 | Phat MW-T4 { Ehat MW-T4 | pHatMW-T7 | Ehat MW-T7
Time of Sampling mV mV mV
April 1999 7.19 207.7 7.16 267.6 7.17 297.1
June 1999 7.19 48 7.14 96.3 7.06 69.1
" September 1999 727 116 7.46 131.7 7.18 113.8
January 2000 7.27 874 7.15 97 7.12 85

pH and Redox Potential of Groundwater Flowing out of Reactive Wall

North Transect Middle Transect South Transect
pH at MW-T2 | Eh at MW-T2 | Ph at MW-T5 Eh at MW-T5 pH at MW-T38 Eh atMW-T8
Time of Sampling mV mV mV
April 1999 7.83 90.1 9.14 0 - 9.74 20
June 1999 9.1 -274 9.5 -314 9.22 -362
September 1999 9.15 -256 9.56 -328 94 -404.3
January 2000 8.07 ) -90 - 9.35 -193.7 9.55 -69.2
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Table 6-2
Zero Valent Iron Reactive Wall Treatment Effectiveness for TCE and cDCE (;,
Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

Monitoring Well Velocity Residence | Reactive Iron TCE c1,2-DCE
thru Wall | Time in Wall | Residence Time (ug/L) (ng/L)
(ft/day) (days) ) (days) Upgradient | Within Wall | Downgradient ’ Upgradient | Within Wall
April 26-28,1999
Northern Transect MWT-1 MWT-2 MWT-3 MWT-1 MWT-2 MWT-3
1.66 0.72 0.36 23 1 17 73 27 27
Middle Transect MWT-4 MWT-5 MWT-6 MWT-4 MWT-5 MWT-6
0.37 324 1.62 2] 1U 1U 49 071 3
Southern Transect MWT-7 MWT-8 MWT-9 MWT-7 MWT-8 MWT-9
0.49 245 122 430 1U 43 - 207 1U0 32
June 29, 1999
Northern Transect MWT-1 MWT-2 MWT-3 MWT-1 - MWT-2 MWT-3
024 5.07 2.54 8 11U 0.87J 32 6 10
Middle Transect MWT-4 MWT-5 MWT-6 MWT-4 MWT-5 MWT-6
030 4.05 2.03 2 1U 1U 82 20 17
Southern Transect MWT-7 MWT-8 MWT-9 MWT-7 MWT-8 MWT-9
0.91 132 0.66 53071 2U 52 32 42 150
September 28-29,1999
Northern Transect MWT-1 MWT-2 MWT-3 MWT-1 MWT-2 MWT-3
-0.72 NAg, NAg, 2U 1U 10U 6 067 2
Middle Transect ) MWT-4 MWT-5 MWT-6 MWT-4 MWT-5 MWT-6
' 022 -5.40 2.70 3U 1U 1U 40 5 11
Southern Transect MWT-7 MWT-8 MWT-9 MWT-7 MWT-8 MWT-9
1.40 0.86 043 480 10U 56 25 7 38
January 4-5, 2000 )
Northern Transect MWT-1 MWT-2 MWT-3 MWT-1 MWT-2 MWT-3
0.71 1.69 0.85 18 2U 2171 72 23 48
Middle Transect MWT-4 MWT-5 MWT-6 MWT-4 MWT-5 MWT-6
0.37 324 1.62 3U 1U 27 58 7 10
Southern Transect MWT-7 MWT-8 MWT-9 MWT-7 MWT-8 MWT-9
143 0.84 042 480 3U 32 22 55 44

Notes
(1) TCE and DCE concentrations are based on Treatability Study groundwater results. See Appendix D for raw chemical data.

(2) Velocity = Ki/n, where: K is Distance Weighted Hydraulic Conductivity of each Transect ( See Table 6-3 for Velocity)
i = Hydraulic Gradient (ratio of elevation difference between upgradient and downgradient wells to distance ) and n, = effective porosity (assumed to be 0.2)
(3) Residence Time is Distance (width of iron wall) over Velocity. Distance is from Upgradient Side of Wall to Well (assumed to be 1.2 feet).
(4) Reactive Iron Residence Time is one-half Residence Time in Wall since Half of the Wall is Reactive Iron.
(5) % Reductions =1 - ( Ratio of Upgradient Concentration to Concentration within Wall).
(6) Not Applicable since a negative velocity implies flow is reversed, therefore, removal efficiencies are not calcualted.
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Table 6-3

Monthy Groundwater Elevation Measurements, Groundwater Velocities and Residence Times Measurements

Ash landfill Feasibility Memorandum

Seneca Army Depot Activity

Monitoring Monitoring Hydraulic | Elevation at April 28, 1999 May 28, 1999 June 28, 1999
Well ID Well Conductivityy, | Top of Riser | Depth from Top Elevation of Depth from Top| Elevation of | Depth from Top| Elevation of
Location ’ _(?t/dég o (MSL) "] ofRiser (ft) Water Lev_el_(f{j " of Riser (ft) | Water Level (ft)| of Riser (ft) | Water Level (ft)
MWT-1 Upgradient 33.8 637.24 4.99 63225 5.50 631.74 6.37 630.87
MWT-2 Within Wall 21 63719 5.00 632.19 5.42 631.77 635 630.84
MWT-3 Downgradient 283 637.31 5.13 632.18 5.40 631.91 6.45 630.86

Upgradient . . K
MWT-5 Within Wall 21 _637.72 5.55 632.17 6.54 631.18 8.25 629.47
MWT-6 8.6 637.59 5.42 632.17 6.39 631.20 8.15 629.44

)

Upgradient . . .
MWT-8 Within Wall 21 638.4 6.17 632.23 7.37 631.03 9.68 628.72
MWT-9 Downgradient 7.4 638.08 591 632.17 7.97 630.11 9.45

MWT-10 | Northernmost Wail End 636.07
MWT-11 | Southernmost Wall End 039 6359 241 633.49 445 631.45 730 628.60
PT-24 | Mid-Wall, Downgradient NA 636.4 455 631.84 5.19 63121 6.54 62986
MW-29 | Upgradient, Mid-Cluster NA 63731 576 63155 6.7 630.52 8.80 628.51
MW-28 |Upgradient, North-Cluste NA 637.21 456 632.65 5.59 631.62 6.85 630.36
MW-27 |Upgradient, North-Cluste NA 63932 | 495 634.37 6.58 632.74 7.61 631.71
MW-53 | Upgradient, Mid-Cluster NA 63941 5.87 63354 765 631.76 9.70 629.71
PT-17 |Upgradient, South-Cluste NA 64014 | 454 635.60 7.44 632.70 958 630.56
MW-30 |Upgradient, Southern End NA 64032 502 63530 8.60 631.72 dry dry
Notes:

{1) Hydraulic Conductivity of Glacial Till/Weathered Shale from In-situ Slug Tests,

Hydraulic Conductivity of Iron/Sand from Falling Head Permeability Test.

(2) Distance is the Length Between the Upgradient and Downgradient Well, 6.2 ft.

(3) V= Kiln,; where: K= Ave. Hydraulic Conductivity, | = Hydrualic Gradient and

n, = effective porosity, (assumed to be 0.15)

(4) Residence Time is the Ratio of Velocily to Trench Width, 1.2 ft.

(5) Negative Residence Times indicate Reverse Flow.

(6) Equivalent Reactive lron Residence Time is one-half the Wall Residence Time

because the wall is 50% reacfive iron.
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Table 6-3
Monthy Groundwater Elevation Measurements, Groundwater Velocities and Residence Times Measurements
Ash landfill Feasibility Memorandum
Seneca Ammy Depot Activity

Monitoring Monitorln_g_ o __Hydm}{l_ic B »_El»eveitiqbr;‘at .J.‘,",l.}.' 29 1999 August 30, 1999 September 27, 1999
Well ID Well Conductivity, | Top of Riser| Depth from Top Elevation of D;;ﬁ from ’lrop Elevation of Depth from Top| Elevation of
| | Locaton | (fday) | (MSL) | ofRiser(f) | Water Level (ft)| of Riser (ff) | Water Level (ft)| of Riser (ff) | Water Level (ff)
MWT-1 Upgradient 33.8 637.24 8.06 628.19 7.92 629.32
MWT-2 |  WithinWall | 21 | 63719 | 806 | 62819 62929
Downgradient 283 | 629.39

i

Upgradient
Within Wall
Downgradient

Upgradient R -
Within Wall ’ dry dry
MWT-S Downgradient 7.4 638.08 11.65 626.43 12.60 625.48 10.58 627.50

MWT-10 | Northernmost Wall End
MWT-11 | Southernmost WallEnd | 0.39 635.9 55 | 62735 895 62695 7.14 628.76
PT-24 |Mid-Wall, Downgradient] =~ NA | 6364 831 628.09 820 628.20 3.04 62836
MW-29 | Upgradient, Mid-Cluster| ~ NA | 63731 |  dy | ay | dy Ty dry dry
MW-28 |Upgradient, North-Cluste NA | 63721 T 830 62891 9.05 628.16 792 62929
MW-27 |Upgradient, North-Cluste | ~~ NA | 63932 | = 843 63089 630.62 714 632.18
MW-53 | Upgradient, Mid-Cluster| ~ NA | 63941 |  dy |  dy 629.41 9.88 629.53
PT-17 |Upgradient, South-Cluste ‘NA 64014 | dy | dy 629.14 9.10 631.04
MW-30 |Upgradient, Southern End NA | ed032 | ey ] dy | dy dry dry dry
Notes:

(1) Hydraulic Conductivity of Glacial TillWeathered Shale f}; I si;u glu Tésts,m
Hydraulic Conductivity of Iron/Sand from Falling Head Permeability Test.

{2) Distance is the Length Between the Upgradient and Downgradient Well, 6.2 ft.

(3) V=Kin,; where: K = Ave. Hydraulic Conductivity, [ = Hydrualic Gradient and ’

B n.= ive porosity, { d to be 0.15)

(4) Residence Time is the Ratio of Velocity to Trench Width, 1.2 ft

{5) Negative Residence Times indicate Reverse Flow.

(6) Equivalent Reactive lron Residence Time is one-half the Wall Residence Time
because the wall is 50% reactive iron. l l
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Table 6-3
- Monthy Groundwater Elevation Measurements. Groundwater Velocities and Residence Times Measurements
Ash landfill Feasibility Memorandum
Seneca Army Depot Activity

Momtonno Momtonng ] }-_Iydraulic E]evanon at October 29, 1999 December 2,1999 January 3, 2000
WeilID o Well 7bonducfi;/ity(,;7 Top of Riser Bepth_f;om Top Elevation of Depth from 'i;o;i Elevatlon of |Depth from Top| Elevation of

771 U Location | (ft/d;y) EMSL) | ofRiser (ft) Water Level (ft) of Riser (ft) Water Level (ft)| ofRiser (ft) " [ Water Level (ft)
MWT-1 Upgmdlent 33.8 637.24 6.26 630.98 5.53 631.71 526 © 631.98
MWT-2 | Within Wall 21 | e719 | 626 | 63093 | 546 | 63173 522 631.97
MWT-3 Downgradient 283 | 63731 | 637 63094 | 559 631.72 536 631.95

| MWT-4 Upgradient 3% | 63768 | 645 1 63123 6.06 631.62
_MWT-5 Within Wall 631.19 6.1 631.62
Downgradlent

MWT-7 Upgradient | 38 __l 63834 | 844 | 62990 7.13 631.21 6.66 631.68
MWT-8 Within Wall 21 | 638.4 8.54 629.86 7.22 631.18 6.74 631.66
MWT-9 Downgradlent 74 l 638.08 8.25 I 629.83 6.95 631.13 6.52 631.56

MWT-10 | Northernmost Wall End 55.1 636.07 525 630.82 436 - 631.71 4.14 631.93
MWT-11 | Southernmost Wall End | 039 | 6359 © 552 63038 4.15 631.75 322 632.68
PT24 | Mid-Wall, Downgradient| ~ NA | 6364 | 610 630.30 5.04 631.36 43 631.60
"MW29 | Upgradient Mid-Cluster |  NA | 63731 | 800 | 62931 | 679 | 63052 6.34 630.97
MW-28 |Upgradient, North-Cluste | ~ NA 63721 | 634 63087 | 55 631.71 5.16 632.05
"MW-27 |Upgradient, North-Cluste| ~ NA | 63932 660 | e3272 | 521 634.11 5.46 633.86
MW-55 | Upgradient, MidCluster | NA | 63941 | 871 | 63070 T 631.80 6.7 632.71
"PT-17 |Upgradient, South-Cluste| ~ NA | 64014 | 805 | 63209 | 514 | 63500 5.08 635.06
MW-30 |Upgradient, SouthemEnd|  NA | 64032 | 957 | 63075 | 727 '633.05 6.78 633.54
Notes:

(1) Hydrauhc Conductivity of Glacial TillWeathered Shale frorn In-s:(u Slug Tests,

Hydraulic Conductivity of lron/Sand from Falling Head Permeability Test . 1 .
(2) Distance is the Length Between the Upgradient and Downgradient Well, 5.2 ft.

(3) V= Kiln, ; where: K = Ave. Hydraulic Conducﬁv:__tx_ l_— Hydruahc Gradientand

n, = effective porosity, (assumed to be 0.15) o
(4) Residence Time is the Ratio of Velocity o Trench Width, 12/t
(5) Negative Residence Times indicate Reverse Flow.

{6) Equivalent Reactive Iron Residence Time is cne—half the Wall Resndence Tlme

AAAAAAA el S IS DR SR —

because the wall is 50% reactive iron.
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Tab

Ie 6-3

Monthy Groundwater Elevation Measurements, Groundwater Velocities and Residence Times Measurements
Ash landfill Feasibility Memorandum

Seneca Army

Depot Activity .

Upgradient
_ Within Wall
owngradien
g

Upgradient

Monitoring _ Monitoring | Hydraulic | Elevationat | February 29, 2000 April 17, 2000
welllD | Well ‘ Coﬁductivitym Top ‘of Riser 13;;;&1 nfr2>m. ?op ) E]e{/azl 0}1 (A>Af 6ei>£ﬁgom Top | Elevation of
T Location ' - (ﬁ/dakyjﬂ (M§L)A | “ofRiser ('ft)- » MWaAt_ér-f,éveil"(ﬁ) " of Riser (fty | Water Level [¢3] )
MWT-1 Upgradient 33.8 637.24 4.69 632.55
" Withinwall | T2t 63719 | T 493 632.26
Downgradient | T 63731 o 504 63227

Within Wall

Downgradient

(1) Hydraufic Conductivity of Glacial TilAWeathered Shale from In-situ Slug Tests,

Hydraulic Conductivity of Iron/Sand from Falling Head Permeability Test.

(2) Distance is the Length Between the Upgradient and Downgradient Well, 6.2 ft.

MWT-10 | Northernmost Wall End 55.1 636.07 295 633.12 374 632.33
MWT-11 | Southernmost Wall End 039 | 6359 16 634.30 236 633.54
" PT-24 | Mid-Wall, Downgradient 636.4 391 632:49 441 631.99
MW-29 | Upgradient, Mid-Cluster | 63731 496 | 63235 | 632.10
MW-28 |Upgradient, North-Cluste 63721 361 633.60 63277
"'MW-27 |Upgradient, North-Cluste | 639.32 382 | 63550 63421
MW-53 | Upgradient, Mid-Cluster | 639.41 51 63431 633.69
PT-17 |Upgradient, South-Cluste | 640.14 402 |7 63612 63555
MW-30 |Upgradient, Southern End| 640.32 4.1 T 63622 555 63477
Notes:

(3) V= Ki/n,; where: K= Ave. Hydraulic Conductivity, [ = Hydrualic Gradient and
n, = ive porosity, ( to be 0.15) .

(4) Residence Time is the Ratio of Velocity o Trench Width, 1.2 ft.

(5) Negative Residence Times indicate Reverse Flow. R
(6)_Equivalent Reactive Iron Residence Time is ane-half the Wall Residence Time
because the wall is 50% reactive iron.
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Table 6-4
Calculation of Radius of Influence of Monitoring Wells within Reactive Wall
Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

Vw Vw Va Va rl rl ‘ 2 2 h
Monitoring Vol Vol Aquifer vol well radius radius of height of
Well of water | of water | holding Vw -water in aquifer water column
(gal) L) L) fi3 inches feet inches feet ft
Apr-99 .
MW-T2 0.06 ©0.24 . 0.60 0.02 0.5 0.04 0.63 0.05 6.90
MW-T5 0.26 1.00 2.50 0.09 0.5 0.04 0.94 0.08 6.47
MW-T8§ 0.26 1.00 2.50 0.09 0.5 0.04 0.94 0.08 6.42
Jun-99
MW-T2 0.33 1.26 3.15 0.11 0.5 0.04 _ 1.34 0.11 3.33
MW-T5 0.38 1.44 3.60 0.13 1.5 0.13 1.96 . 0.16 3.65
MW-T8 0.60 227 . 5.68 0.20 25 0.21 2.80 0.23 5.85
Sep-99
MW-T2 1.00 3.79 9.46 0.33 0.5 0.04 2.96 025 1.80
MW-T5 1.00 3.79 9.46 0.33 1.5 0.13 3.09 0.26 2.10
MW-T8 1.50 5.68 14.19 0.50 . 2.5 0.21 4.20 0.35 2.02
Jan-00 ‘

IMW-T2 0.20 0.76 1.89 0.07 0.5 0.04 0.95 0.08 4.72
MW-T5 0.22 0.83 2.08 - 0.07 0.5 0.04 0.88 0.07 6.50
MW-T8 0.22 0.83 2.08 0.07 0.5 0.04 0.88 0.07 6.54
Notes:

1) Assume effective porosity, n,, for the iron/sand media to be 0.4

) V,=V,/In

a

) V, =7z h(rzz— 1‘12)

e
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Table 6-56

Round 1 Groundwater Monitoring-October 1999 Indicator Parameters and Field Measurements

Ash Landfill Feasibility Memorandum

p-pitprojectsisenecalironimc\draftmemolindic.xis

Seneca Army Depot Activity
Location DO Temp Spec. Cond. pH ORP Turbidity Fe+2 Sulfide Methane Ethane
Well [D (mg/) (deg. C) (umhos/cm) (units) (mV) (ntu) (mg/) (mg/l) (ugh) (ugh)
Optimum: <0.5 mg/L >20C, accelerated S<pH<9 <50 possible, <-100 likely >1 mg/l >1 mg/lL >500 ug/L
Comments: daughter product | daughter product
PT-10 East of impact area NA 12.09 799 7.14 79.8 0.90 0.06 0.000 89 0.02
South of West
. 78 7. ! !
PT-11 Socth Forn Road NA 13.7 870 38 70.0 <50 0.02 ND 14 0.01
PT-12A Plume 120 1539 1652 573 935 225 0.00 0.012 42 036
PT-15 South of West 5.90 12.58 578 7.39 605 25.00 NA NA 30 0.01
Smith Farm Road
PT-16 N°"h:£:"pa°‘ NA 1522 555 6.93 103.2 1.00 0.00 NA 02 ND
PT-16Dup N"“h;i:"pa“ NA NA NA NA NA NA 0.00 NA. 02 ND
PT-17 Plume 145 14.78 617 698 50 T.00 0.00 0.022 D 0.03
PT-18 Plume 0.92 1484 1340 6.70 370 2.20 0.13 0.037 515.0 0.98
PT-19 South of West NA 13.89 1234 6.62 -90.0 7.00 9.48 NA 12082 0.07
Smith Farm Road
PT-20 Plume 191 15.20 855 6.78 130.0 0.50 0.01 0.008 ND ND
PT-20Dup Plume NA NA NA NA NA NA 0.02 0.008 ND ND
PT21A Plume 094 13.06 1252 714 40 209 038 0.016 77 043
PT22 Plume 392 13.03 1452 692 105.0 182 0.00 0.080 ND 0.20
PT-23 N°“l’;§:"pa°t NA 16.16 603 7.14 80.1 10.00 0.06 NA 48 ND
PT-24 Plume 178 15.00 625 7.08 124.0 095 0.01 NA ND 0.02
PT-25 South of West 6.77 15.03 417 6.92 117.3 1.80 0.00 NA ND ND
Smith Farm Road
PT-26 Off of SEDA 205 12.30 667 7.46 0.7 5.80 0.08 0.021 29.6 0.02
property
North of impact . - ] . .
MW-27 8.90 14.24 559 7.41 448 100.00 001 0.013 393.0 ND
area
MW-28 Plume 332 14.58 613 6.95 111.0 5 0.00 0.018 ND ND
MW-29 Plume 612 1497 951 6.96 T 0.00 0.042 ND ND
MW-30 South of West 684 13.55 652 697 131.0 0.75 0.00 0011 ND ND
Smith Farm Road
MW-31 South of West NA 15.74 569 7.07 106.6 3.00 0.06 0.000 ND ND
Smith Farm Road
MW-32 Plume 183 12.99 62 6.96 305 250 017 0.016 66 ND
MW-33 South of West 6.07 15.80 567 7.00 94.0 3.00 0.00 Na ND 0.01
Smith Farm Road
MW-34 Offof A;';La“dﬁu 0.94 14.98 509 7.47 49.7 5.40 0.07 NA 31 ND
MW-35D Off of SEDA 0.63 1137 541 8.43 28 150 0.00 0.028 63 0.03
property
MW-36 Off of SEDA 120 13.70 734 7.17 77.1 220 0.00 0.013 ND ND
property
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Table 6-5

Round 1 Groundwater Monitoring-October 1999 Indicator Parameters and Field Measurements

Ash Landfill Feasibility Memorandum

Seneca Army Depot Activity
Location DO Temp Spec. Cond. pH ORP Turbidity Fet+2 Sulfide Methane Ethane
Well ID (mg/) (deg. C) (umhos/cm) (units) (mV) (ntu) (mg/) (mg/h) (ug/h (ugM)
Optimum: <0.5 mg/L. >20C, accelerated 5<pH<9 <50 possible, <-100 likely >1 mg/L >1 mg/L >500 ug/L
Comments: daughter product | daughter product
MW-36Dup Off of SEDA NA NA NA NA NA NA NA NA ND ND
property
MW-37 N"“h;:mpw NA 16.52 569 7.09 93.1 736 0.00 NA ND ND
MW-38D N"'ﬂ‘;z:“pa“ NA 13.52 550 7.02 25.1 135 0.12 NA 1.5 0.04
MW-39 NE of impact area NA 15.07 546 7.17 849 0.58 0.01 NA ND ND
MW-40 East of impact area NA 15.54 603 7.23 94.6 2.00 0.07 NA ND ND
MW-1D Upgradient of Ash NA 11.62 773 7.01 108.0 1.50 0.00 0.060 29 0.06
Landfill site
MW-42D Upgradient of Ash 0.78 11.39 547 7.40 788 0.90 0.00 0.014 1.0 0.05
Landfill site
MW-43 East of impact area 8.95 13.38 585 7.10 115.8 2.10 0.00 0.016 ND ND
MW-44A Plume 030 1295 1301 7.09 1122 T 0.03 0.021 0.6 0.85
MW-43 Plume 775 15.77 542 718 108.0 145 0.00 0018 ND ND
MW-36 Plume NA 1545 77 6.95 132 130 077 NA 130.9 0.16
MW-47 Off of SEDA 488 14.07 621 7.13 85.7 2.88 0.09 0.010 ND ND
property
MW4S Plume NA 15 385 71 73.0 1320 0.03 NA D ND
MW-49D Plume NA ] 656 733 %2 2.10 022 NA 1 0.01
MW-50D Plume NA 12 519 736 534 7.60 0.09 NA a4 0.01
MW-51D Off of SEDA 0.70 12.28 595 7.30 26.6 1.58 092 0.009 37 0.02
property
MW-52D Off of SEDA 0.67 11.63 182 8.65 145 90.70 0.04 0.290 8.6 0.01
property
MW-53 Plume 747 1425 926 6.8 108.0 046 0.00 0.010 ND ND
MW.31D Plume 034 12.47 664 732 574 047 0.03 0.008 79 0.01
MW35D Plume 0.43 1332 335 9.02 350 37.00 0.02 0.141 10.4 ND
2350 ft West of
MW-5 - 3.28 13.30 669 7.00 112.0 0.50 0.01 0.012 ND ND .
% boundary of SEDA|  ° 3 3
MW-57D Off of SEDA 0.26 1145 590 9.12 321 20.80 0.00 0.017 7.9 0.02
property
MW-58D Off of SEDA 0.15 1117 610 9.12 -110.0 138.00 0.00 0.500 109 ND
property
MW-59 South of West NA 14.95 1286 6.89 829 0.60 001 NA 18.5 ND
Smith Farm Road
MW-60 South of West NA 14.65 768 711 400 1.00 0.01 NA ND ND
Smith Farm Road
ND = Not Detected
NA = Not Available
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Table 6-5

Round 1 Groundwater Monitoring-October 1999 Indicator Parameters and Field Measurements
Ash Landfiil Feasibility Memorandum

Seneca Army Depot Activity

Location Ethene TOC Nitrate/Nitrite Tot. Alkalinity Sulfate Chloride Hardness Hydrogen Hydrogen
Well ID (gl (mg/) (mg/) (mg/l CaCO3) (me/l) (mg/) (CaC03) (MA) (agl)
Optimum: >20 mg/L <l mg/L >2 x background <20 mg/L >2 x background >l nM
Comments: daughter product daughter product !
PT-10 East of impact area 0.03 41 0.01 340 24.4 582 350 08 1.613E-03
PT-11 South of West ND 8.3 050 220 65.1 $3.8 328 ND NA
Smith Farm Road
PT-12A Plume 026 19 0.10 396 508.0 . 912 935 ND NA
South of West
— 2
PT-15 Smith Form Rond ND 22 0.12 NA NA NA NA ND NA
PT-16 N""ha‘;i:"pm ND 2.7 0.12 264 330 8.8 300 12 2.419E-03
North of impact
PT-16Dup ort ;e;"‘p"’c ND 27 0.11 262 340 8.9 296 ND NA
PT-17 Plume ND 43 0.09 250 8838 104 280 038 0.002
PT-18 Plume 147 85 0.08 516 2100 37 660 73 0.006
PT-19 South of West 0.08 116.0 <0.01 500 < 63. 656 09 0.002
Smith Farm Road
PT-20 Plume ND 15 021 310 1850 177 a2 038 0.002
PT-20Dup Plume ND NA NA NA NA NA 425 ND NA
PT21A Plume ND BN 0.19 302 765.0 116.0 730 6 0.012
PT-22 Plume ND i3 0.4 310 3390 6.7 680 ND NA
PT-23 N°“h;fe:“pa°t 0.01 23 0.03 280 377 9.2 310 ND NA
P24 Phume ND i6 0.04 2% 803 13.7 308 08 0.002
South of West
25 ° D 24 66 184 313 9.6 2 : 0.002
PT-23 Smith Farm Road N 0.6 13 04 08
PT-26 Off of SEDA ND 22 0.10 270 514 423 164 ND NA
property
MW-27 North of impact ND 33 1.00 236 122.0 10.5 240 ND NA
area
MW-28 Plume ND 76 0.02 72 557 T0.1 370 ND NA
MWw-29 Plumc ND 39 038 324 1450 B 390 06 0.007
South of West
i3 42 ) 290 38. 1 3 003
MW-30 S B o ND 0.17 58.8 14.0 308 13 0.003
MW-31 South of West ND 34 0.55 268 289 9.4 256 26.0 0.052
Smith Farm Road
MW-32 Plume ND 37 0.74 300 551 119 302 81 0.016
South of West
° 29 1.40 228 502 16.9 292 0.7 0.001
MWw-35 Smith Farm Road ND
MW-34 Oﬁ"fAs.? Landil ND 22 0.05 264 311 44 160 13.8 0.028
site
MW-35D Off of SEDA 0.07 20 0.04 232 349 19.0 100 14 0.003
property
MW-36 Off of SEDA ND 42 0.81 298 59.9 202 340 13 0.003
property
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Table 6-5

Round 1 Groundwater Monitoring-October 1999 Indicator Parameters and Field Measurements
Ash Landfitl Feasibility Memorandum

Seneca Army Depot Activity

Location Ethene TOC Nitrate/Nitrite Tot. Alkalinity Sulfate Chloride Hardness Hydrogen Hydrogen
Well ID (g (mg/) (mg/) (mgl CaC03) (mg/l) (mg/) (CaCo03) (M) (ug/)
Optimum: >20 mg/L <l mg/L >2 x background <20 mg/L >2 x background > nM
Comments: daughter product - daughter product
MW-36Dup Off of SEDA ND NA NA NA NA NA 346 ND NA
property
MW-37 th;z;mpw 0.07 32 0.17 272 35.1 7.7 300 0.8 1.613E-03
MW-38D N°“ha°ri;mpa°t 25 0.01 248 312 122 280 12 2.419E-03
MW-39 NE of impact area ND 33 0.1 244 322 103 778 70 7.032E.03
MW-40 East of impact area 29 033 248 85.0 6.3 294 08 0.002
MW-41D Upgradient of Ash 0.02 7.5 0.08 340 76.6 .81 348 10 \2.016E-03
Landfill site
MW-42D Upgradient of Ash 0.02 25 0.09 272 277 38 300 ND NA
Landfill site
MW-43 East of impact area ND 4.0 0.03 264 69.0 11.2 330 ND NA
MW34A Plume i 7.9 NA NA NA NA 710 ND NA
MW45 Plume ND 78 0.02 240 0.1 115 270 12 0.008
MW-46 Plume 0.0 32 0.12 316 771 181 104 ND NA
MW-47 Off of SEDA ND 238 2.20 238 69.8 19.2 288 93 1.875E-02
property
MW4S - Blume ND 32 0.18 260 0.1 10.8 304 10 0.002
MW-49D Plume 0.01 27 0.02 276 66.6 185 340 17 0.002
MW-50D Plume 0.02 76 0.04 240 287 125 228 16 0.003
MW-51D Off of SEDA 0.02 25 130 242 61.4 159 242 08 0.002
property
MW-52D Off of SEDA 0.06 17 0.11 208 39.9 22 < 53 0.011
propertty
MW-33 Plume D 79 0.5 314 161.0 325 500 06 0.001
MW-SID Plume ND 19 0.03 310 673 510 298 12 0.008
MW-33D Plume 0.02 73 073 252 333 18 10 6 0.003
230 ft West of
1W_3 N 29 1.80 200 112.0 28.8 308 17 0.009
MW-36 boundary of SEDA b ’
MW-57D Off of SEDA 0.05 1.9 0.03 238 50.8 19 10 34 0.007
property
MW-58D Off of SEDA 0.02 2.0 0.02 276 53.1 24 20 19 0.004
property
MW-39 South of West ND 39 0.02 284 882 474 364 2.1 4.233E-03
Smith Farm Road
MW-60 South of West ND 8.1 0.05 516 2300 276 688 09 1.814E-03
Smith Farm Road
ND = Not Detected
NA = Not Available
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Table 6-6

Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

Round 2 Groundwater Monitoring-January 2000 Indicator Parameters and Field Measurements

Location DO Temp Spec. Cond. pH ORP Turbidity Fet+2 Sulfide Methane
Well ID (mg/l) (deg.C) (umhos/cm) (mV) (ntu) (mg/) (mg/1) (ug/l)
Optimum: <0.5 mg/L >20C, accelerated 5<pH<9 <50 poss, <-100 likely >1 mg/L >1 mg/L >500 ug/L
Comments: daughter product
PT-10 | East of impact area 16 943 765 728 713 13 0.10 0.011 75
South of West
PT-11 04 3 : . S0.
T St o Bond 8.0 8.36 968 7.42 78.0 50.5 0.00 0.110 1.8
PT-12A Plume 155 5 1462 7 530 11 0.06 0014 73
South of West
. 93 24 ) ) )
P15 | o e 2 102 512 758 86.5 591 0.13 ND 1.0
PT-16 N°"h;‘;;mpa°t 3.8 7.27 500 7.07 119.0 1.25 0.00 0.000 ND
PT-16Dup N""h;i;mpm NA NA NA NA NA NA NA NA ND
PT-17 Plume 3.19 793 629 7.01 108.0 0.54 0.01 0.021 ND
PT-18 Plume 34 665 1544 6.82 108.0 325 0.02 0014 06
PT-19 South of West 0.4 6.96 726 6.96 -144.0 15 065 | 0028 12473
Smith Farm Road
PT-20 Plume 122 729 893 598 923 15 0.02 0.000 ND
PT-2iA Plume 141 652 Py 724 0.0 057 035 0.019 65
PT-22 Plume 211 3 175 69 1485 037 ND ND ND
PT-23 No"h:’;;"‘pa“ 7.27 736 504 727 104.0 76 0.18 0.030 ND
\(
PT-24 Plume 0.29 757 517 7.62 685 36 0.06 0.009 28802
PT-25 South of West 9.62 832 391 7.04 138.7 12 0.01 0.009 ND
Smith Farm Road
PT-26 Off of SEDA 7.43 8.26 697 7.23 925 10 0.11 ND 038
property
MW-27 North of impact 9.57 6.83 547 740 87.8 8.95 0.1 0.030 12.0
area
MW-23 Plume 52 714 607 712 980 732 0.13 0.024 04
MW-29 Plume 731 737 828 703 1029 7 0.12 0.033 02
MW-30 South of West 8.67 7.01 569 7.10 1449 22 0.04 0.030 ND
Smith Farm Road .
South of West )
3 NA NA NA NA NA NA 0.04 NA ND
MW-30DUp | ¢ ith Farm Road
Mw-31 | Southof West 1051 8.14 464 7.18 133.0 8.8 0.26 0.075 ND
Smith Farm Road
MW-32 Plume 245 711 630 7.05 1310 956 0.09 0.042 ND
South of West
MW-3 7.5 7.51 553 6.97 137.0 32 0.02 0.019 ND
33 | Smith Farm Road
mw-3a | OFof As.}t‘ Landfill 1.49 9.25 533 7.39 111.0 89 0.06 0.030 0.3
site
Mw-3sp | OfofSEDA 418 8.78 483 8.40 252 6.5 0.04 0.010 35
property ;
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Table 6-6
Round 2 Groundwater Monitoring-January 2000 Indicator Parameters and Field Measurements
Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

Location DO Ternp Spec. Cond. pH ORP Turbidity Fe+2 Sulfide Methane
Well ID (mg/1) (deg.C) (umhos/cm) (mV) (ntu) (mg/l) (mg/1) (ug/l)
Optimum: <0.5 mg/L >20C, accelerated 5<pH<9 <50 poss, <-100 likely >1 mg/L >1 mg/L >500 ug/L
Comments: daughter product
MW-36 Off of SEDA 1.51 8.44 633 7.16 32.3 1.95 0.03 0.005 ND
propety
MW-37 N"“h;;mpm 6.43 7.63 496 7.05 148.0 3.1 0.00 0.000 ND
MW-38D N°”h;‘;mpa“ ‘ 2.9 9.75 515 734 76.8 T s 0.00 0.008 0.6
MW-30 | NE of impact area 34 764 554 718 1165 0.95 0.03 0.010 06
Mwao |Eestpf ';‘Sm aeal g 49 7.99 576 738 803 15 0.01 0.009 0.5
Mw4(p | Upgradient of Ash 0.77 7.15 734 723 125.0 245 0.00 0.010 30
Landfill site
Mw-42p | Dpgradientof Ash 126 9.41 536 721 35.1 1.97 0.17 0.080 82
Landfill site
MW-43 East impact area 538 5.24 657 7.28 107.0 0.65 0.01 0.009 0.6
MW-44A Plume 0.83 557 2242 725 665 35 0.08 0.016 62
MW-45- Plume 115 6.10 549 729 530 15 0.01 NA 05
MW-46 Plume 103 7.19 758 710 711 636 0.09 0.040 6.1
MW-47 Off of SEDA NA NA Na | nNa NA NA NA NA ND
property
MW-48 Plume 225 7.26 538 723 12.0 13 0.06 0018 ND
MW-49D Plume 158 8.6 552 727 708 10 0.05 0.000 3.7
MW-30D Plume 1.07 3.04 460 756 46.0 6.1 0.13 0.012 32
MW-51D Off of SEDA 1.24 9.82 544 7.40 69.9 123 NA NA 0.6
property
MW-52D Off of SEDA 52 6.59 439 8.74 315 852 0.15 NA 44
property
MW-33 Plume 537 7.46 752 6.94 149.0 618 0.01 0011 ND
MW-33Dup Plume NA NA NA NA NA NA NA NA ND
MW-34D Plume 043 747 618 7.39 0.0 3 0.04 0.058 2.7
MW-35D Plume 143 724 164 5.02 240 479 0.10 NA 91
250 ft West of - iz = -
W-5 07 43 3 713 853 152 NA NA ND
MW-36 boundary of SEDA 2 35 535 3 53 5
MW-57D Off of SEDA 0.83 10.36 535 9.12 79.8 362 0.23 0.094 7.5
property
MW-358D Off of SEDA 0.59 9.89 554 924 96.0 214 NA NA 1.0
property :
South of West c
g 207 621 1164 6.95 79.2 5 0.1 0.025 0.5
MW-39 Smith Farm Road
South of West
60 0.7 6.80 665 7.13 36 15 A NA 13
MW-6 Smith Farm Road . 1 N

ND = Not Detected
NA =Not Available
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Table 6-6

Round 2 Groundwater Monitoring-January 2000 indicator Parameters and Field Measurements
Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

Location Ethane Ethene TOC Nitrate/Nitrite | Tot. Alkalinity Sulfate Chloride Hardness Hydrogen Hydrogen
Well ID (ug/l) (ug/l) (mg/T) (mg/l) (mg/l CaCO3) (mg/1) (mg/l) (CaCO3) (nM/T) (ug/h
Optimum: >20 mg/L <1 mg/L >2 x background| <20 mg/L | >2 x background >1 nM
Comments: daughter product daughter product daughter product
PT-10 East of impact area 0.03 0.03 NA NA NA NA NA NA 0.5 1.008E-03
PT-11 South of West ND ND NA NA NA NA NA NA ND NA
Smith Farm Road
PT-12A Plume 034 021 37 0.02 356 506.0 92.0 708 ND NA
PT-15 South of West 0.03 ND 13 011 230 489 8.0 265 ND NA
Smith Farm Road .
PT-16 N"“h;i;mpm ND ND 13 <001 248 129.0 9.0 285 08 1.613E-03
PT-16Dup | Nomh a"r;mpaa ND ND NA NA NA NA NA NA ND ND
PT-17 Plume 0.03 ND 26 0.02 290 1440 100 308 33 0.005
P18 Plume ND 0.02 59 0.03 520 5700 270 935 77 0016
PT-19 South of West ND ND NA NA NA NA NA NA 0.7 0.001
Smith Farm Road
PT-20 Plume 0.01 ND 26 0.03 302 2610 200 720 82 0017
PT-21A Plume 239 ND 22 0.02 268 338.0 117.0 510 ND NA
PT-22 Plume 0.01 ND 21 0.06 302 3330 B0 602 54 0011
PT-23 North a"ri;mpm ND ND 13 0.01 240 161.0 20 288 1.4 0.003
PT-24 Plume 156 0.45 3 <0.01 34 139 28 252 52 0.010
PT-25 South of West ND ND NA NA NA NA NA NA 42 0.008
Smith Farm Road
PT-26 Off of SEDA ND ND 10 0.19 310 80.5 12.0 352 44 0.009
property
MW-27 N"“h;te;mp‘"‘c‘ ND ND 16 0.10 246 456 9.0 252 ND NA
MW-28 Plume 001 ND 22 0.07 278 743 1.0 348 19 0.010
MW-25 Flume ND ND 23 0.03 312 1350 240 736 34 0.007
MW-30 South of West ND ND NA NA NA NA NA NA 44 0.009
Smith Farm Road
South of West
W3 ND ND A NA NA NA N ND NA
MW-=30Dup | ¢ ith Farm Road N A NA
MW-31 South of West ND ND NA NA NA NA NA NA 47 0.009
Smith Farm Road
MW-32 Plume ND ND NA NA NA NA NA NA 33 0.007
MW-33 South of West 0.02 ND NA NA NA NA NA NA 38 0.008
Smith Farm Road
mw-34 | OfFof Asii‘eLa“dﬁ“ ND ND NA NA NA NA NA NA 94 0.019
S
mMw-asp | Offof SEDA 0.03 0.07 12 0.26 252 3238 12.0 60 16 0.003
property
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Table 6-6
Round 2 Groundwater Monitoring-January 2000 Indicator Parameters and Field Measurements
. ) Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

Location Ethane Ethene TOC Nitrate/Nitrite | Tot. Alkalinity Sulfate Chloride Hardness Hydrogen Hydrogen
Well ID (ug/l) (ug/l) (mg/l) (mg/l) (mg/l CaCoO3) | (mg/l) (mg/l) (CaC03) (nM/1) (ug/l)
) Optimum: >20 mg/L <I mg/L >2 x background| <20 mg/L >2 x background >1 aM
Comments: daughter product daughter product daughter product
MW-36 Off of SEDA ND ND 24 044 256 63.5 16.0 300 0.9 0.002
property .
MW-37 N""h:ri;m"a“ ND ND 1.1 0.10 243 151.0 6.0 280 0.9 0.002
MW-38D N°“h:r£;mpa°t 0.02 ND 13 0.04 256 135.0 11.0 278 1.1 0.002
MW-39 | NE of impact area ND ND NA NA NA NA NA NA 0.7 0.001
Mwo | EastPf ‘g}g‘m area, ND ND NA NA NA NA NA NA 0.8 0.002
Mw-41p - | Upgradient of Ash 0.03 ND NA NA NA NA NA NA 12 0.002
Landfill site '
Mw-4op | Upgradient of Ash 0.03 0.02 NA NA NA NA NA NA ND NA
Landfill site )
MW-43 | East impact area ND ND NA NA NA NA NA NA 0.7 0.001
MW-44A, Plume 026 127 6.1 006 250 693.0 252.0 1050 ND NA
MW-45 Plume ND ND NA NA NA NA NA NA 31 0.006
MW-46 Plume 0.09 ND NA NA NA NA NA NA 3 0.003
MW-47 Off of SEDA ND ND NA NA NA NA" NA NA ND NA
property
MW8 Plume ND ND NA NA NA NA NA NA 06 0.001
MW-49D Plume 0.02 0.04 s 024 246 7305 210 326 6.7 0.014
MW-30D Plume 0.01 0.03 0.6 0.10 222 311 130 225 15 0.003
MW:51D Off of SEDA 0.01 ND 12 2.80 224 5738 19.0 250 838 0.018
property
MW-52D Off of SEDA 0.02 0.11 07 0.24 200 471 20 23 ND NA
property .
MW-33 Plume 0.01 ND 23 0.14 782 130.0 240 370 32 0.006
MW-53Dup Plume ND ND NA NA NA NA NA NA ND NA
MW-34D Plume 0.01 ND 0.7 0.08 238 571 720 292 49 0.010
MW-35D Plume 0.02 0.08 13 015 240 329 2.0 11 28 0.006
230 ft West of ) -
W3 0.02 ND 23 1.89 190 88.9 230 30 1.1 0.002
MW-36 boundary of SEDA > i s
MW-57D Off of SEDA 0.02 0.02 <0.5 0.12 252 1338 6.0 1 23 0.005
property
mw-sgp | Offof SEDA 0.02 0.02 <05 0.04 266 55.0 40 20 43 0.010
property .
Mw.s9 | SouthofWest ND ND NA NA NA NA NA NA 43 8.668E-03
Smith Farm Road
MW-60 South of West ND ND NA NA NA NA NA NA 12 | 2.419E-03
Smith Farm Road

ND = Not Detected
NA = Not Available
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Table 7-1

Summary of Sub-Alternatives of Alternative 3a

Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

Alternative 1

Alternative 2

Every 5 Years

wells, in order to monitor performance of
compliance wall and to monitor possibel off-site
migration of plume

Sample 60 wells on site for VOC's in order to
monitor extent of chlorinated ethenes plume, test
monitoring wells in or around walls for inorganics
as well to monitor possible fouling of iron in walls.

Description One Reactive Wall Downgradient of Existing One Reactive Wall Downgradient of Boundary Wall
Boundary Wall and Natural Attenuation of Plume  |and Two Reactive Walls Upgradient of the Boundary
Upgradient of Boundary Wall Wall with Vegatable Oil Addition Upgradient of
Source Wall
Total Number of
Treatment Walls 2 4
Wall Descriptions
1{Boundary wall (existing) Boundary wall (existing)
(1.2' thick, 6-8' deep, 645' long, 50% iron) (1.2' thick, 6-8' deep, 645' long, 50% iron)
2|Compliance wall 100 ft west of boundary wall Compliance wall 100 ft west of boundary wall
(2.1' thick, 8' deep, 645' long, 100% iron) (2.1 thick, 8' deep, 645' long, 100% iron)
3 Middle wall just east of West Patrol Road
(1" thick, 9' deep, 700" long, 100% iron)
4 Source wall about 600 ft east of boundary wall
(2' thick, 11" deep, 700’ long, 100% iron)
Additional None Application of vegetable oil as a carbon source for
Treatment microbes in the zone upgradient of source wall -
yields hydrogen (electron donor) for reductive
dechlorination
New Monitoring
Wells ’ 13
Monitoring
Program
1st Year|Sample 4 wells two times to monitor performance of |Sample 11 wells two times to monitor performance of
the compliance wall. newly installed walls.
Every Year|Sample 8 wells and measure GW elevation in 67 Sample 8 wells and measure GW elevation in 73

wells, in order to monitor performance of compliance
wall, and to monitor possible off-site migration of
plume

Sample 66 wells on site for VOC's in order to monitor
extent of chlorinated ethenes plume, test monitoring
wells in or around walls for inorganics as well to
monitor possible fouling of iron in walls.

Operation and
Maintenance

Boundary and compliance walls

Boundary, compliance, middie and source walls

Approximate Time
of Remediation

60 years

15 years

Notes:

See Figure 7-1 for location of proposed walls
Appendix G has detailed cost calculations
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Table 7-2
Pre-Construction and Groundwater Monitoring Program for Sub-Alternative 1 of Alternative 3a
Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

Moenitoring Well Preconstruction First Year Every Year Every S Years
Methane, Methan
Slug Testing vOoC Inorganics voC . ethane, H. voC Water level Inorganics voC h '.:c‘n
D Type Status Location Purpose ethene cthane, € °
- T o -
# of times #olfimes (3peof fy rmes | HOTmeslpeol by ooy | #of | #oftimes (ipoof #of imes oftimes | PorImes (ool e
analysis) analvsis) times analysis) analysis)
PT-10 Bedrock E East of impact arca Plume monitoring 1
PT-11 Overburden E South of West Smith Plume monitoring 1 1(CLP)
Farm Road
PT-12A Overburden E Upgradient side of SW Plume monitoring 1 . 1 . 1(CLP modified)
South of West Smith L -
PT-15 Overburden E Farm Road Plume monitoring 1 1{CLP modificd)
PT-16 Overburden E North of impact arca Plume monitoring . 1 1{CLP modified)
PT-17 Overburden E Plume Plume moniloring ‘ 1 1(CLP)
PT-18 Overburden E Plome Plume monitoring 1 I(CLP)
PT-19 Overburden E Upgradient side of SW Plume monitoring 1 1 I{CLP modified)
PT-20 Overburden E Upgradient side of MW Plume monitoring 1 I 1(CLP modified)
PT-2IA Overburden E Plume Plume monitoring 1 I(CLP)
PT-22 Overburden 3 E Upgradient side of MW Plume monitoring 1 1 I(CLP)
PT-23 Overburden E North of impact arca Plume monitoring i 1(CLP modified)
PT-24 Overburden E Plume Plume monitoring 1 CLP)
PT-25 -} Overburden E South of West Smith Plume monitoring i 1(CLP modified)
Farm Road
PT-26 Qverburden E Off of SEDA property Plume monitoring 1 1(CLP modified)
MW-27 Qverburden E North of impact area Plume monitoring 1 1(CLP modified)
MW-28 Overburden E Plume Plume monitoring 1 HCLP modified)
MW-29 Overburden E Plume Plume monitoring 1 I(CLP modified)
MW-30 Ovorburden E South of West Smith Plume monitoring 1 1(CLPy
Farm Road
MW-31 Overburden | E Souhof West Smith | py 0 monitoring 1 )
Farm Road
MW-32 Overburd E Upgradient side of MW Plume monitoring 1 1 I{CLP)
MW-33 Overburden E South of West Smith Plume monitoring 1 1(CLP)
Farm Road
MW-34 Overburden E Off of Ash Landfill site Plume monitoring 1
MW-35D Bedrock E Off of SEDA property | Plume monitoring 1 1(CLP modified)
MW-36 Overburden E Off of SEDA property Plume monitoring 1 1(CLP modificd)
p:\pit\proj \fir itor xis\1 Page 10of 3




Table 7-2
Pre-Construction and Groundwater Monitoring Program for Sub-Altemative 1 of Altemative 3a
' Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

Monitoring Well Preconstruction First Year Every Year Every S Years
Mcthane,
. . _ Methane,
Slug Testing voC Inorganics voC cthanc, H. vOoC ‘Water level Inorganics voC h eth H.
D Type Status Location Purpose cthene cthane, cthene
#of to i i # of ti
# of times of tmes (typa of #oftmes | Foftmes(speofy oo f #of | #oftimes(ivpeol #of times # of mes oftimes (6peolt 4 fiimes | #OF
analvsis) analysis) times analysis) analysis) times
MW.37 Overburden E North of impact area Plume monitoring 1
MW-38D Bedrock E North of impact area Plume monitoring 1 1(CLP modificd)
MW-39 Overburden E NE of impact area Plume monitoring 1 1(CLP modified)
MW-40 Overburden E East of impact area Plumc monitoring 1 I(CLP)
Upgradient of Ash .

41 K

MW-41D Bedrock E Land6l site Plume monitoring 1
Upgradient of Ash -
MW-4: k I
2D Bedrock E LandGl site Plume monitoring
MW-43 Overburden E East of impact arca Plume monitoring 1 1{CLP)}
MW-44A Overburden E Plume Plume monitoring 1 1{CLP modified)
MW-45 Ovcrburden E Upgradicent side of SW Plume monitoring 1 1 I(CLP)
MW-46 Qverburden E Upgradient side of SW Plume monitoring 1 1 I{CLP)
MW-47' Overburden E Off of SEDA property Plome monitoring 1 1(CLP modified)
MWwW-48 Overburden E Upgradicnt side of MW Plume monitoring 1 . 1 1(CLP)
MW-49D Bedrock E Plume Plume monitoring 1 1(CLP modified) -
MW-50D Bedrock E Plume Plume monitoring 1 1(CLP modified)
MW-51D Bedrock E Off of SEDA property Plume monitoring 1 1(CLP modified)
MW-52D Bedrock E Off of SEDA property Plume monitoring 1 . 1(CLP modified)
MW-53 Overburden E Plume Plume monitoring . 1 1(CLP modified)
MW-54D Bedrock E Plume Plume monitoring 1 1(CLP)
MW-55D Bedrock E Plume Plume monitoring 1 C 1(CLP}
MW_56 Overburden | E 20 ftWestof boundary Sentry well 1 1(524.2) 1 1(CLP modified)
of SEDA
MW-57D Bedrock E OfF of SEDA property Plume monitoring 1 1(CLP modified)
MW-58D Bedrock E Off of SEDA property Plume monitoring . i 1(CLP modified)
MW-59 Overburden | E South of West Smith § gy, - rmanitoring 1
Farm Road
MW-60 Overburden E Soath of West Smith Plume monitoring T
Fam Road .
MW-61 Overburden § N | 10ftWestofrilad ¢ design of CW, plume 1 1(524.2) 2 25242) 2 : 10242) 1 1 1CLP) 1
tracks monitoring .
pi\pifiproj i \monitar xis\1 Page 2 of 3




Table 7-2

Pre-Construction and Groundwater Monitoring Program for Sub-Alternative 1 of Alternative 3a

Ash Landfill Feasibility Memorandum

Seneca Army Depot Activity
Monitoring Well Preconstruction First Year Every Year Every 5 Years
Mcthane, . Motk
Slug Testing voc Inorganics voc ethane, H. voc Water level Inorganics voc N :";f’ H.
D Type Status Lacation Purpose cthene ethane. cthene
; Fol Fol G i
#of times # of times (evpe of # of times of tmes (tvpeof |, roee | #Of of times (type of # of times #oftimes | Ooftmeslopecti o, oo | FOf
analvsis) analysis) times analysis) analvsis) times
MW-62 Overburden N 10t Westof raflroad - design of CW, plume 1 1(524.2) 2 2524.2) 2 1(524.2) 1 1 1(CLP modified) 1
tracks ‘monitoring B
MW-63 Overburden N 10t Westolrailroad design of CW, plume 1 1(524.2) 2 2(5242) 2 1(524.2) 1 1 1(CLP modified) 1
tracks monitoring
Halflway between RR design of CW, plume
& e N : 1 % 4. 4
MW-64 Overburden N N 56 onitoring 1(524.2) 2 2(524.2) 2 1(524.2) 1 1 1(CLP) 1
MW-65 Overburden N Betwoen MW-56 and Trigger well 1(524.2) 1 1(524.2)
Farmhouse
MW-66 Overburden N At Farmhouse Compliance well 1(524.2) 1 1{CLP)
MWT-1 Overburden E Plume BW performance, plume 1 1 1(524.2) i
monnunng
MWT-2 Overburden E Plume BW performance i 1 1(524.2) 1 1
MWT-3 Overburden E Plume BW performance, plame 1 1 1(524.2) 1
monitoring
MWT-4 Overburden E Plume BW performance, plume 1 1 1(524.2) 1
‘monitoring
MWT-5 Overburden E Plume BW performance i 1 1(524.2) 1 i
MWT-6 Overburden E Plume BW performance, plume 1 1 1(CLP modified) 1
monitoring
MWT-7 Oveburden | E Plume BW performance, plame 1 1 1(CLP) 1
le’HlDl‘l“g
MWT-8 _ Overburden E Plumc BW performance 1 1 1(CLP modified) 1 1
MWT-9 Overburden E Plume BW performance. plumey 1 1 1(CLP) 1
monitoring
MWT-10 Overburden E North of impactarea § 0" Periommance, plume 1 1 1(5242) 1
monitoring
MWT-1 Overburden E South of impactarca § D" Periormance, plung i 1 1(CLP) 1
monitoring
MWT-12 Overburden N InCW CW performance 2 2(5242) 2 2 1(524.2) 1 1 1(5242) i i
Total Samples 13 3 10 1 1 2 3 67 16 [ 16 1
Total QA/QC 2 10 10 10 0 5 0 5 17 9 0
Total i 2 20 2 2 13 67 21 77 25 1
Notes:
H, = hvdrogen

SW = source wall, MW = middle wall, CW = compliance wall, BW = boundary wall
If VOC concentrations in MW-64 mect GA standard, compliance wall will be placed between monitoring wells along the raifroad tracks and MW-64. If VOC concentrations in MW-64 do ot meet

GA standard, compliance wall will be placed between and MW-56 and MW-64. MW-64 will be left in place and used dunng the p
 solids, phosphate, chloride, calcium,

Inorganic analysis includes analysis of sulfate,

PH, conductivity, temperature, turbidity,

nitrate, total di

p:\pitiproj

\final\monitor.xls\1
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and pH.
-, redox potential, dissolved oxygen, and ferrous iron, are measured in field in monitoring wells from which inorganic samples are collected.




Table 7-3
Pre-Construction and Groundwater Monitoring Program For Sub-Alternative 2 of Alternative 3a

Ash Landfill Feasibility Memorandum

Seneca Army Depot Activity

Monitoring Well Preconstruction First Year Every Year Every 5 Years
Methane, Methan
Slug Test voC Inorganics vocC ethane, H; voC ‘Water level Inorganics vocC th :' Ha
1] Type Status Location Purposc cthene cthanc, cthene
#of times # of times (.m’c of 4 of imes # of times (_typc of # of times ftof # of times (F}pe of # of times # of times #of times (_type of # of times #of
analvsis) analvsis) times analysis) analysis) times
PT-10 Bedrock E East of impact area Plume monitoring 1
South of West Smith L ]
T-i E -
PT-11 Overburden Farm Road Plame monitoring 1 1(CLP modified}
PT-12A Overburden E Upgradient side of } Design of_ SV'I, plume 1 1 1CLP)
SW monitoring
PT-15 Overburden g SouhofWestSmihi o o onitoring 1 1(CLP modified)
Fann Road
PT-16 Overburden E North of impact arca Plume monitoring 1 1(CLP modified)
PT-17 Overburden E Plume Plume monitoring 1 HCLP)
PT-18 Overburden E Plume Plume monitoring 1 I(CLP)
PT-19 Overburden E Upgradient side of i Design ol"S“_/, plame 1 1 }CLP modified)
sw ‘monitoring
PT-20 Ovorburden E Upgradient side of } Design of. SW plume 1 I HCLP)
MW monitoring
PFT-21A Overburden E Plame plume monitoring 1 HCLP)
PT-2 Overburden E Upgradicnt side of { Design of MW plume 1 1 1(CLP)
MW monitoring
PT-23 Overburden E North of impact arca Plume monitoring 1 1{CLP modified}
PT-24 Overburden E Plume Plume monitoring N 1 1(CLP)
PT-25 Overburden | E §ocvbofWestSmihi o onitoring 1 1(CLP modified)
Farm Road
PT-26 Overburden E Off of SEDA Plume monitoring 1 I{CLP modified}
property
MW-27 Overburden E North of impact area Plume monitoring 1 1(CLP modified)
MW-28 Overburden E Plume Plume monitormg 1. 1(CLP)
MW-29 Overburden E Plume Plume monitoring 1 1(CLP)
MW-30 Overburden g §Southof WestSmithi o o ‘monitoring 1 I(CLP modified)
Farm Road
MW-31 Overburden g SoubofWestSmithi o o onitoring 1 1(CLP modified)
Farm Road
MW-32 Overburden E Upgradient side of § Design uf_MV.V, plume 1 1 I(CLP modiicd)
MW monitoring
MW-33 Overburden | E §>ouhofWestSmithi b o oonitoring 1 W(CLP modified)
Farm Road
MW-34 Overburden g | OfFof A’.:‘:“"‘m Plume monitoring i
sif
MW-35D Bedrock E ’;’ng:r‘::;;‘ Plume monitoring 1 1(CLP modificd)
MW-36 Overburden E DS‘EVD“AB':;‘;‘"‘ of Plume monitoring 1. 1(CLP modificd)
p:\pitiproj - xIs\2 Page 1 of4




Table 7-3

Pre-Construction and Groundwater Monitoring Program For Sub-Altemative 2 of Alternative 3a

Ash Landfill Feasibility Memorandum

Seneca Army Depot Activity

Monitoring Well Preconstruction First Year Every Year Every 5 Years
Mcthane,
Slug Test voc Inorganics voc cthane, | Hs voc Water level Inorganics voc w:"“'“‘:‘:' H:
D Type Status Location Purpose cthene ane, ethene
i # of ti i il #
# of Gracs # of times (-typc of # of times of times ('t_vpc of £ of Gmes fl of # of times (Atype of # of timas £ of times # of times (_l}'pc of; #of imes ? of
analysis) analysis) times analysis) analvsis) limes
MW-37 Overburden E North of impact area Plume monitoring 1
MW-38D Bedrock E North of impact area Plume monitoring i 1(CLP medified)
MW-39 Overburden E N"“}’“::;fm“’“‘ Plume monitoring 1 I(CLP modificd)
MW-40 Overburden E East of impact arca Plume monitoring i 1{CLP modificd}
Upgradicnt of Ash -
MW k
iD Bedrock E Landfil site Plume monitoring. 1
Upgradient of Ash o .
42, k
MWwW-42D Bedrocl E L LandfGll site Plume monitoring. 1
MW-3 Overburden E East of impactarea i  Plume monitoring 1 1{CLP modified)
MW-44A Overburden E Plume Plume monitoring 1 I(CLP)
MW-45 Overburden E Upgradient side of | Design of SW, plume 1 1 1(CLP modificd)
sw monitoring X
MW-46 Overburden E Upgradicnt side of § Design ol'_ S“_/. plume 1 1 1CLP)
SW monitoring
MwW-47 Overburden E Off of SEDA Plume monitoring 1 1{CLP modificd}
property
MW-48 Overburden | E | Upgrdientsideol i Designof MW, plome 1 1 1(CLP modified)
MW monitoring
MW-49D Bedrock E Plume Plume monitoring 1 1(CLP)
MW-50D Bedrock E Plume Plume monitoring 1 I(CLP)
MW-51D Bedrock E Off of SEDA Plume monitoring 1 1(CLP modificd)
property
MW-52D Bedrock E Offof SEDA . Plume monitoring 1 1(CLP modified)
property
"MW-53 Overburden E Plume Plume monitoring H I(CLP}
MW-54D Bedrock E Plume Plume monitoring 1 1(CLP)
MW-55D Bedrock E Piume Plume monitoring 1 1(CLP)
250 ft West of
. g ; 1(524.2 1 1(5242
MW-56 Overburden E boundary of SEDA Sentry well 1 (5242) (5242)
MW-57D Bedrock E Downgradient of Plume monitoring 1 1(CLP modificd)
SEDA property
MW-58D Bedrock E 2‘]’__:‘])":‘::3“‘ °f Plume monitoring 1 1(CLP modified)
MW-59 Overburden | E j Soubiof WestSmihi o o monitoring 1
Farm Road
MW-60 Overburden E South of West Smith Plume monitoring 1
Farm Road
MW-51 Overburden | N | 10ft Westofmilroad} Design of CW, plume 1 16524.2) 2 25242) 2 165242) 1 1 1(5242) 1
tracks monitoring
.
p:\pit\proji xIs\2 Page 2 of 4




Table 7-3
Pre-Construction and Groundwater Monitoring Program For Sub-Alternative 2 of Alternative 3a
Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

Monitoring Well Preconstruction First Year Every Year Every S Years
Methane,
Slug Test voc Inorganics voc ethane, H, voc Water level Inorganics voc M“h”':‘
D Type Status Location Purpose ethene ethane, ethene
Ftimes (fvpe of i : g
4 of times #of times (tvpe o Yoftimes | Fortimes(poof i, oo oo | Fof | #oftimes(bpeol #of times #oftimes {7 OfOmespeoll o e
analysis) analysis) times analvsis) analysis)
MW-62 Overburden | N | 10t Westofmilroad]  Design of CW. plume 1 1(524.2) 2 2524.2) 2 1(524.2) 1 1 1(5242) 1
tracks ‘monitoring .
MW-63 Overburden N j10ftWestof rilroad; Design of CW. plume 1 1(524.2) 2 2(524.2) 2 1(5242) 1 1 1(524.2) 1
tracks monitoring
halfway between v | Design of CW, plume
MW-64 Overburd N ¥ - 1(5242 .
on e onorine 1 ( ) 2 25242) 2 1(5242) 1 1 1(5242) 1
MW-65 Overburden N jBetween MW-56 and Trigger well 1(5242) 1 1(5242)
Farmhouse
MW-66 Overburden | N At Farmhouse Compliance weil 1(524.2) 1 1(524.2)
MWT-1 Overburden E Plume BW performance, plume 1 . 1 1(CLP) 1
monitoring
MWT-2 Overburden | E Plume BW performance 1 1 1(CLP modificd) 1
MWT3 | Ovoburden | E Plume BW performarice, plume 1 1 CLP) 1
monitoring
MWT4 Overburden E Plume BW performance, phime 1 1 1(CLP) 1
monitoring.
MWT-5 Overburden E Plume BW performance 1 I 1{CLP modified) H
MWT-6 Overburden E Plume BW performancs, plume 1 1 1(CLP) 1
B monitoring
MWT-7 Overburden | E Plume BW performance, pluma 1 1 1(CLP) 1
monitoring
MWT-8 Overburden E Plume BW performance 1 1 1(CLP modified) 1
MWT-9 Overburden E Plume BW performance, plume 1 H 1(CLP) 1
monitoring
MWT-10 Overburded | E | North of impactarca § 0 Perfommance. plumel 1 1 I(CLP modified) 1
. monrtormg
MWT-11 Overburden E | Southofimpactarca } 0 performance, plume 1 1 1(CLP modified) 1
. ‘moniioring
MWT-12 | Overburden | N | 2.5 ftupgrad of SW§ SV performance, plume 1 2 2ACLP) 2 1 1 (CLP) 1
mOonitoring .
MWT-13 Overburden | N | 2.5 Rupgrad. of SW | O Performance, plume i 2 2(CLP) 2 1 1 I(CLP) 1
monitoring
MWT-14 Overburden | N in SW SW performance, plume 2 2(CLP modified) 2 2 1 1 1(CLP modificd) 1
monitoring
MWT-I5 | Ovebuden | N | 2.5 ftupgradof Mw | M1 performence, plume 1 2 2CLP) 2 1 1 1(CLP) 1
monitoring
MWT-16 Overburden | N | 25 fiupgrad of Mw | M1V Performance, plume 1 ) 2 2CLP) 2 1 i 1(CLP) 1
monttoring
MWT-17 Overburden | N in MW MW performance, plumef 2 2CLP modified) 2 2 1 1 1(CLP modified) 1
monitoring '
MWT-18 | Overburden | N nCW CW performance 2 2(524.2) 2 2 1(524.2) 1 1 1(524.2) 1
Subtotal 17 4 22 2 n 6 3 73 2 6 n
Total QA/QC 2 10 10 10 0 5 ] 7 17 10

i i Horxds\2 Page30f4
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Table 7-3
Pre-Construction and Groundwater Monitoring Program For Sub-Altemative 2 of Alternative 3a
Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

Monitoring Well Preconstruction First Year Every Year Every 5 Years
Mcthane, Meth:
Slug Test voC Inorganics vocC ethaine, H, voc Water level Inorganics voc anc. H,
D Type Status Location Purposc cthene ethanc, ethene
#of i Eof th % of times (i g [
# of fimcs of times (_t}'pc of # of times of times (_typc of  of times # of of times (‘t_\pc of 4 of times 4 of times # of times (_typc of # of fimos ? of
analysis) analvsis) times analysis) analysis) times
Total 4 32 32 2 6 i3 73 29 33 32 6
Nofes:
H; =hydrogen

SW = source wall, MW = middle wall, CW = compliancé wall, BW = boondary wall

If VOC concentrations in MW-64 mecet GA standard, compliance wall will be placed between monitoring wells along the railroad tracks and MW-64. If VOC concentrations in MW-64 do not mect

GA standard. compliance wall will be placed between and MW-56 and MW-64. MW-64 will be Icfi in place and used during the p
Inorganic analysis includes analvsis of sulfate,

ty. nitrate, total di:

luation of the i wall.

d solids. phosph chloride, calcium, magnesium, potassium, sodium, iron, manganesc. and pH.

pH. conductivity, temperature, turbidity, redox potential, dissolved oxygen, and ferrous iron. arc measured in ficld in monitoring wells from which inorganic samples are collected.

pi\pitiproj
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Table 7-4
Costs of Groundwater Treatment Alternatives at the Ash Landfill
Ash Landfill Feasibility Memorandum
Seneca Army Depot Activity

ITEM ALTERNATIVE 1 |ALTERNATIVE 2
Sub total capital $551,400] $1,464,000
Contingency 20% ' $110,300 $292,800
Engineering/oversight 20% $110,300 $292,800
Total capital (subtotal + contingency + engineering/oversight) $772,000 $2,049,600
Sub total O & M ) $56,800 $61,600
Contingency 20% ' $11,400 ~ $12,300 ‘
Engineering/oversight 20% $11,400 $12,300
Total O & M (subtotal + contingency + engineering/oversight) $79,500 $86,200
Interest 10% 10%
Years of operation 60 15
Present worth of total O & M costs $792,200 $655,700
[TOTAL PRESENT WORTH COST (present worth O/M + total capital) | $1,564,200] $2,705,300)

See Appendix G for detailed costs.

P:pit\projects\senecalirontrch\finalironcost2.xls 4 ' A Page 1 of 1
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