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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 FF A 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 LandfiHOperable 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-8), 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 (cl,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 

P:\PIT\Projects\SENECA \IRONTRNC\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 cheni.ical 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. (ETI) 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 µg/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 completely 

degrade TCE and c 1,2-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-lb 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, increased 

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 I-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/NO2), alkalinity, sulfate (SO4) and 

chloride (Cl-). Four quarterly 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 RI 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 
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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 m V to 

-404.3 mV, which is consistent with reducing conditions. pH measurements ranged from 7.83 

to 9. 7 4, which are also indicative that iron is reacting with chlorinated organics. Concentrations 

of the degradation endpo!nts, methane, ethene and ethane, were measured in wells within the 

reactive wall and downgradient 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 µg/L, whereas the concentration within 

the trench at MWT-8 was below detectable limits at less than 2 µg/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 (cl,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 cl,2-DCE at MWT-4, the upgradient monitoring 

well at the middle monitoring well cluster location, was 49 ug/L, whereas the concentration of 

cl,2-DCE at MWT-5, 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 cl,2-DCE at MWT-5 was 20 ug/L. This corresponds to a removal of75.6%. 

It is unclear why these removal efficiencies varied. 

Several factors are likely contributing to the lower than expected reductions of c 1,2-DCE. It is 

possible that the high influent concentrations of TCE may have produced cl,2-DCE as a 

breakdown product within the wall. Due to this additional loading, the residence time was not 

sufficient to account for cl,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 ·so¾ 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 long 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 fonner military facility, constructed in 1941 that has been undergoing Base 

Realignment 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 fonns a divide 

separating two of the New York Finger Lakes, Cayuga Lake on the east and Seneca Lake on the 

west. Sparsely populated fannland 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 Operable 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 fannland 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 (SW,MU)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 hp) till deposits overlie the shales, which have a thin (2 to 

3 feet) weathered zone at the top. The till matrix varies locaHy 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 m the deeper 

competent shale aquifer. In both aquifers, the p~edominant direction of groundwater flow is to 

the west, toward Seneca Lake. 

The hydraulic conduqtivity 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 10-5 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 (FF A), 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. 

P:\PIT\Projects\SENECA\IRONTRNC\DraftMemolfinal\Sec-2.doc August 2000 
Page 2-2 



Seneca Army Depot Activity Draft Ash Landfill Feasibility Memorandum 

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. 

Ashe's 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 ofVOCs 

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 

(L TTD). 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 800-900°F 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 draina_ge 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 n:ieans that the groundwater is suitable for use 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 µg/Kg or 540 mg/kg. The maximum concentration of 

trichloroethene in soil following thermal treatment was 46 µg/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 µg/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 thennal 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 µg/L. The 

regulatory limit for the RCRA characteristic of toxicity for lead, using the TCLP test, is 5,000 

µg/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 (cl,2-DCE) 

(maximum=79 mg/kg), trichloroethene (TCE) (maximum=540 mg/kg), and vinyl chloride (VC) 

(maximum=l.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=l 7 mg/kg) and 

toluene (maximum=S.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 copper (maximum=836 mg/kg), lead 

(maximum=2,890 mg/kg), mercury (maximum=l.2 mg/kg) and zinc (maximum=SS,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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2.4 SITE GROUNDWATER IMPACTS 

Groundwater at the site is impacted primarily by a plume of chlorinated ethene volatile organic 

compounds (TCE, cl,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 c 1,2-DCE between 0.2 µg/L and 2 µg/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 cl,2-DCE at a concentration of 1 µg/L. The NYSDEC 

GA groundwater quality standard for c 1,2-DCE is 5 µg/L. It is likely that the boundary of the 

plume extends westward to slightly beyond the depot boundary. Exceedances over the NYS])EC 

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 ofTCE, cl,2-DCE and VC were 51,000 µg/L, 130,000 µg/L, 

and 23,000 µg/L, respectively, for a total chlorinated ethene concentration of 204,000 µg/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 µg/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 µg/L. In October 1999, the concentration in MW-44A, the 

replacement well for MW-44, was 1,104 µg/L, a 100-fold decrease in concentration. In January 

2000, the concentration of total VOCs in MW-44A was 399 µg/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 µg/L and 233 

µg/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 the 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 techniques 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 14 7 µg/L, which was above both the EPA 

criteria of 15 µg/L and the NY SD.EC GA standard of 25 µg/L. During the quarterly sampling, 

conducted following the RI, the concentration of lead in MW-44 was non-detectable at less than 

2 µg/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 correiate 

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 µg/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 successfully apply the 

technology at a site. Successful· application 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 subcontracting agreement with Parsons, ETI 

has issued a license to Parsons ~o 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 cl,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, H2, 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 groundwater 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 a9d 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, cDCE, 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: 

Fe0 + RCI + H+ ➔ fe+2 + RH+ CJ- [Equation 1] 

The second pathway involves oxidation of fe+2 that is an immediate product of corrosion in 

aqueous systems: 

[Equation 2] 

Fe+2 + RCI + H+ ➔ fe+3 +RH+ CJ- [Equation 3] 

The third pathway involves reduction of alkyl halides from interaction with hydrogen. Hydrogen 

is produced during iron corrosion, See Equation 2,: 

H2 + RCI ➔ RH+ H+ + CJ- [Equation 4] 

These three pathways; described by Equations I, 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 02 instead of water: 

[Equation S] 
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Like oxygen, three other chemical constituents, sulfates, nitrates, and phosphates c~n 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 thi:s 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 22% reactive iron and 78% concrete sand. Once backfilling with 

the reactive mixture was complet~, 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 µg/L 

and 43,000 µg/L, respectively. The system was monitored for a 17-month period. Final results 

of monitoring showed 90% 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 of TCE and PCE. 

A continuous reactive wall was installed at the United States Coast Guard (USCG) 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 cl,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 d'etected 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, depending 

upon the anticipated groundwater velocity. The maximum concentrations of contaminants 

entering the gates were 200 µg/L, 15 µg/L 600 µg/L, 230 µg/L and 18 µg/L for trichloroethane 

(TCA), I, 1-dichloroethane (DCA), TCE, 1, 1-dichloroethene (I, 1-DCE) and vinyl chloride (VC), 

respectively. The only contaminant detected exiting the gates was DCE at a maximum 

concentration of 15 µg/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 monit,)ring 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 rea~tive 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~nce 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 I foot per day through the reactive iron. Groundwater velocities 

assumed a horizontal gradient of 0.002 foot/foot, 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 area 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/1 to 330 ug/L; for cl,2-DCE the 

concentrations ranged from 98 ug/L to 550 ug/L; for VC the concentrations ranged from 5 ug/1 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 perfor,med 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 c 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 targe~ criteria for cl,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 applied 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 

4.1 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 phase 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 

groundwater. However, since attaining sufficient residence time between groundwater and 

reactive material i~ an important component for success, ETI was consulted and supported the 

decision of utilizing a permeable wall configuration. 

The design of the zero valence iro!l 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 iroq_ 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 

P:\PIT\Projects\SENECA\JRONTRNC\DraftMemo\final\Sec-4b.doc August 2000 
4-1 



Seneca Army Depot Activity Draft Ash Landfill Feasibility Memorandum 

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 gates, 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: 

• 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. 

• 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 ori 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 µg/L to below 

NYSDEC GA Standards of 5 µg/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-lb 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. De Wind De Watering, Inc. (De Wind) 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 present. 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, De Wind 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 f Jr 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 sand/iron mixture had a hydraulic conductivity of 7.4 x 1 o-3 cm/sec, 

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

4.5.2 Mobilization 

Mobilization for the project began on Tuesday, December 8 1998, with the arrival of De Wind's 

trenching machine and other equipment. Parsons ES personnel staked the proposed centerline of 
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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 mov.ed 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. Figure 4-2 shows the location of the building foundation, septic system, and 

reactive wall. 

4.5.3 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) 

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 O + 300 and O + 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 O + 425 to O + 640. 

4.5.4 Trenchin2: 

. The trenching machine was set up at the edge of West Smith Farm Road at Station O + 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 falling directly onto the treatment mixture. 

At I 00 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. De Wind 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, De Wind 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 

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 lb/ft3 and an iron bulk 

density of 150 lb/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 percentage 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 lb/ft3 used in the calculation is the density of packed 

iron, however the loose bulk density can be as low as 110 to 125 lb/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 required 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 Barrier~ 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-Tl, MW-T4, and MW-T7); (2) a well 

point within the reactive iron (MW-T2, MW-TS, 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-TS, 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-Tl 1, were located at each end of the 

reactive wall. MW-Tl 1 was located at the centerline of West Smith Farm Road. MW-TIO 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 µg/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 µg/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 I-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 I-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 sqrface 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 weH (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 · OUARTERL Y 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-Tl through MW-Tll: 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. 

\\BOSFS02\PROJECTS\PIT\Projects\SENECA\IRONTRNC\DraftMemo\final\Sec-5a.doc August2000 
Page 5-1 



Seneca Army Depot Activity Draft Ash Landfill Feasibility Memorandum 

5.2 SAMPLING PROCEDURES 

Sampling the monitoring wells within the reactive wall required special consideration in order to 

obtain a representative sample 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, -TS, 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 hailers 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 down gradient 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 ), BP A ( 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. Si11ce 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 m V 

to -404 m V. 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 µg/L to 0.101 µg/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 µg/L to 0.052 µg/L (Table 6-5 and Table 6-6). 

Removal of the target compounds, TCE and c 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 cl,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 compound, TCE, cl,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 µg/L to 2 µg/L. TCE concentrations in wells. 
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within the reactive wall ranged from non-detectable levels (less than 1 µg/L) to 3 µg/L. TCE was 

detected in the reactive wall at 1 µg/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 A WQS GA 

criteria of 5 µg/L. Figures 6-1, 6-4, 6-7, and 6-10 provide the concentration obtained and the 

location of these data. TCE and cl,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 cl ,2-DCE concentrations indicate that overall removal efficiencies are 

similar to those obtained for TCE, however, concentrations of cl,2-DCE within the reactive wall 

are higher than those for TCE. Excluding the one instance when flo_w was reversed, i.e. no 

treatment, but including the two instances when the wall concentration was higher than the 

upgradient concentration, i.e. zero removal, the removal efficiencies ranged from 0% to 98.5%, 

with the average removal being 66.3%. The increase in cl,2-DCE within the wall is due to the 

production of cl ,2-DCE as TCE is degraded in the wall, and in some instances the walls inability 

to further degrade the cl,2-DCE. The concentrations of cl,2-DCE in wells upgradient of the 

reactive wall range from 6 µg/L to 82 µg/L, whereas, concentrations of c 1,2-DCE within the 

reactive wall ranged from non-detectable at 1 µg/L to 55 µg/L. The concentration of cl,2-DCE 

within the wall met the NYSDEC AWQS Class GA standard of 5 µg/L for 4 out of the 12 

monitoring wells sampled during the four quarters of sampling. 

The amount of reduction of cl,2-DCE varied during each sampling event and at each location 

along the reactive wall. For example, in September 1999, cl,2-DCE concentrations within the 

wall in the northern and middle transects met the GA standard, while in the southern transect the 

concentration of cl ,2-DCE was just slightly above the standard of 5 µg/L, at a concentration of 7 

µg/L (Figure 6-13). However, in January 2000, none of the cl,2-DCE concentrations in the wall 

met NYSDEC Class GA standards; from northern to the southern transect the cl,2-DCE 

concentrations were 23 µg/L, 7 µg/L, and 55 µg/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 cl,2-DCE was 49 µg/L and the concentration of cl,2-DCE within 

the wall at the middle transect was 0.7 J µg/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 cl,2-DCE was 82 µg/L 

and the concentration of cl,2-DCE within the waB at the middle transect was 20 µg/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 

µg/L. It is possible that since the cl,2-DCE influent concentration of 82 µg/L was the highest 

measured from all of the monitoring events, it caused this slug of c 1,2-DCE to surpass the trench 

capacity 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 cl,2-DCE was 40 

µg/L and the concentration of cl,2-DCE within the wall at the middle transect was 5 µg/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 cl,2-DCE was 25 µg/L and the concentration of cl,2-DCE within 

the wall at the southern transect was 7 µg/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 cl,2-DCE was 72 µg/L 

and the concentration of c 1,2-DCE within the wall at the northern transect was 23 µg/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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c 1,2-DCE was 5 8 µg/L and the concentration of c 1,2-DCE within the wall at the middle transect 

was 7 µg/L, corresponding to a removal of 87.9% with an iron residence time was 1.62 days. 

Thus, the expected target concentration of 5 µg/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 cl,2-DCE is observable, concentrations of cl,2DCE remain above the 

target level of 5 µg/L. Residence times less than the design goal of 1.25 days are the most likely 

reason for the higher than expected concentrations of c 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 up gradient 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 conductivity 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. 

where: 

[Equation 6] 

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, a:nd 

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 conductivity 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 cl,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 cl,2-DCE concentrations were 27 µg/L and 23 µg/L, respectively, but during June 1999 

and September 1999 when groundwater elevations were lower, effluent c 1,2-DCE concentrations 

were 6 µg/L and 0.6 µg/L, respectively. Thus, the changes observed in reduction of cl,2-DCE 

concentrations appear to be due to higher than expected velocities through the reactive wall 

during times of elevated groundwater when gro1mdwater 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 is ·the greater than expected influent concentrations that 

were observed in the upgradient monitoring well, MWT-7, of the southern transect. The 

concentration of TCE and c 1,2-DCE were higher than the anticipated design concentration. The 

reactive wall was designed for maximum TCE and cl,2-DCE concentrations of 260 µg/L and 

150 µg/L, respectively. These were the highest TCE and cl ,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 µg/L and 530 µg/L, which is at least twice as high as expected. 

Although the influent concentrations of cl,2-DCE ranged from 6 µg/L to 82 µg/L, which are less 

than the design maximum, the amount of c 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 cl ,2-DCE. The 

trend is consistent with the residence times calculated for the southern transect and the 
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concentration of cl,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 µg/L, 480 µg/L and 480 µg/L, respectively. The 

concentration of cl,2-DCE in the monitoring well, MWT-8, located within the reactive wall was 

42 µg/L, 7 µg/L and 55 µg/L, respectively, which are all above the target concentration of 5 

µg/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, th~ 

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 thari 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 cl,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 cl,2-DCE concentration (6 µg/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 forin. 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 

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 cl,2-DCE in the middle and 

southern transect wells within the wall were above the target concentration of 5 µg/L. 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 cl,2-DCE in the northern, middle and southern transect wells within the 

wall were all above the target concentration of 5 µg/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 provide explanation for some of the inconstancies 

noted in the performance of the reactive iron wall. 

Throughout the study, TCE and cl,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 concemrations 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 c 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 c 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 trench, 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 ex,pect to observe elevated TCE levels within the reactive wall, having been drawn 

from upgradient. This was not observed. 

In addition, samples c~llected 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 iron/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 wa11 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 be 

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 belie".ed 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 I 999 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 voe contaminated soil. The concentration of voes 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 voes at MW44a was 930 µg/L. In October 1999, the 

concentration of total voes at MW44a was 1,104 µg/L and in January 2000, the concentration 

of total voes was 399 µg/1. 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 voes was 1.6 µg/L. In October 1999, the concentration of total voes 

at MW-56 was non-detectable at 10 µg/L and in January 2000, the concentration of total voes 

was non-detectable at 1 µg/1. 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. 

• voe 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 voe 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 chlor.inated 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. 
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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 iron 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) we-re 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 moN 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: 

I. 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 degraded as they moved farther 

downgradient of the wall. The simulation showed that a maximum concentration of 

approximately 0.2 µg/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 approximately two 

orders of magnitude less than this (~0.008 µg/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. Detennine the residence time - Recommended residence time is detennined 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 µg/L for TCE and 

cDCE and 2 µg/L for VC). 

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

maximum expected groundwa,er velocity, the recommended thickness of the wall is calculated 

using the following equation: 

lday 
h = SF X vmax X tree X ----

24 hour 

where 

h = recommended wall thickness, ft 

SF= safety factor, SF= 2 

free = recommended residence time, hours 

[Equation 7] 

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 detennined 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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1. Half-life of chlorinated ethenes, 

2. Concentrations of influent chlorinated ethenes and residence time, 

3. Groundwater velocity, 

4. Length of wall, 

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

6. 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 

cDCE 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 oflnfluent Chlorinated Ethenes and Residence Time 

For the determination of residence times necessary to reduce TCE and cDCE to below 

concentrations of 5 µg/L, and to reduce VC to concentration below 2 µg/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~l 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 µg/L, cDCE - 32 µg/L, and VC - 15.5 µg/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 cDCE concentrations are 74 µg/L and 88 µg/L, 

respectively and in PT-20 TCE and cDCE concentrations are 36 µg/L and 28 µg/L, respectively. 

Thus, use of the higher concentrations ensure~ 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- I SA. Based on ETI' s degradation model, it takes the most 

time to degrade chlorinated ethenes in PT-1 SA, 59 hours. Therefore, influent concentrations at 

PT-ISA (TCE - 9,100 µg/L, cDCE- 1,100 µg/L, and VC - 270 µg/L) were used for the design of 

this wall. Using the PT-1 SA 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 µg/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 µg/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 µg/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 µg/L, 

Cdce - 150 µg/L, and VC - 4 µg/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 additicmal 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, two 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 I 00 µg/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 I 00 ft clearance beyond the I 00 µg/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: 

• 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. 

• 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 Oil to Enhance Biodegradation of Chlorinated Ethen es 

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(III), 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. 

• 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: 

• At the injection well TCE concentration decreased from 624 µg/L to 4 µg/L in 22 days. 
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• Downgradient from the injection well, TCE concentrations have generally decreased and 

cDCE and VC concentrations increased proving that reductive dechlorination was taking 

place. 

• 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. 

• 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 ethenes, 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 Alternative 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 

degrading 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: 

• 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 I 00 ft downgradient from the existing boundary wall (Figure 7-1). 

The wall would be 645 ft long, 8 ft deep, and 2.1 ft thick. 

• 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). 

• 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 me~t the 

New York GA Standards (Table 7-2). 

• Every year groundwater elevations throughout the entire site will be measured (a total of 67). 

These meas;,irements will indicate groundwater flow directions on the site and any mounding 

of groundwater near the walls (Table 7-2). 

• 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). 

• Maintenance of the boundary and compliance walls will involve agitation of the iron/aquifer 

interface with overlapping I-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: 

• 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. 

• Installation of 13 monitoring wells (MWT-12 to MWT-18, and MW-61 to MW-66) (Figure 

7-2). Slug tests at selected monitoting wells will determine exact locations of proposed 

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. 

• 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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• 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). 

• 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 ~ 

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 Farmhous~ ( 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). 

• 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). 

• 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 I-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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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 I : $ 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): 

• 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. 

• 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. 

• 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% ), 

• engineering/oversight (20%), and 

• interest (I 0%) 

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 ofthe alternative are as follows: 

I. Compliance wall (proposed), 

2. Boundary wall (existing), 

3. Middle wall (proposed), 

4. Source wall (proposed), 

5. 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 treatability 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, resideuce 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 

0 ..... ..... N M ..,. It> CD t,.. 00 en ..... ..... 
I- '7 '7 '7 '7 I- '7 '7 ~ ~ ~ 

Well ID: 
~ ~ ~ ~ ~ ~ ~ ~ 

QA/QC (2) Total :!!: :!!: :!!: :!!: :!!: :!!: :!!: :!!: :!!: :!!: :!!: 
Analysis Method No Number of Samples Collected During First Year {1) 
Volatiles and Degradation Products 

rb,tb,dup, 
voes NYSDECOLC 4 4 4 4 4 4 4 4 4 4 4 40 MS/MSD 64 
Methane EPA Method 4 4 4 4 4 4 4 4 4 4 4 12 rb,tb,dup 56 
Ethane RSKSOP- 4 4 4 4 4 4 4 4 4 4 4 12 rb,tb,dup 56 
Ethene 175 4 4 4 4 4 4 4 4 4 4 4 12 rb,tb,dup 56 
Inorganic Parameters 
Sulfate EPA300.0 4 4 4 4 4 4 4 4 4 4 4 4 dup 4ff 
Alkalinity EPA310.1 4 4 4 4 4 4 4 4 4 4 4 4 dup 48 
Nitrate EPA300.0 4 4 4 4 4 4 4 4 4 4 4 4 dup 48 
TDS EPA 160.2 4 4 4 4 4 4 4 4 4 4 4 4 dup 48 
Phosphate EPA365.2 4 4 4 4 4 4 4 4 4 4 4 4 dup 48 
Chloride EPA300.0 4 4 4 4 4 4 4 4 4 4 4 4 dup 48 
Calcium EPA200.7 4 4 4 4 4 4 4 4 4 4 4 4 dup 48 
Magnesium EPA200.7 4 4 4 4 4 4 4 4 4 4 4 4 dup 48 
Potassium EPA200.7 4 4 4 4 4 4 4 4 4 4 4 4 dup 48 
Sodium EPA200.7 4 4 4 4 4 4 4 4 4 4 4 4 dup 48 
Iron EPA200.7 4 4 4 4 4 4 4 4 4 4 4 4 dup 48 
Manganese EPA200.7 4 4 4 4 4 4 4 ·4 4 4 4 4 dup 48 
pH EPA9040 4 4 4 4 4 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 QNQC 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 wells 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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Time of Sampling 

April 1999 
June 1999 

September 1999 
January2000 

Time of Sampling 

April 1999 
June 1999 

September 1999 
January2000 

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 
pH at MW-Tl Eh at MW-TI Ph atMW-T4 EhatMW-T4 pHatMW-T7 EhatMW-T7 

mV mV mV 
7.19 207.7 7.16 267.6 7.17 297.l 
7.19 48 7.14 96.3 7.06 69.1 
7.27 116 7.46 131.7 7.18 113.8 
7.27 87.4 7.15 97 7.12 85 

pH and Redox Potential of Groundwater Flowing out of Reactive Wall 

North Transect Middle Transect South Transect 
pH atMW-T2 Eh atMW-T2 Ph atMW-T5 Eh atMW-T5 pH atMW-T8 EhatMW-T8 

mV mV mV 
7.83 90.l 9.14 0 9.74 20 
9.1 -274 9.5 -314 9.22 -362 

9.15 -256 9.56 -328 9.4 -404.3 
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 Ol 

Ash Landfill Feasibility Memorandum 
Seneca Army Depot Activity 

CE 

thru Wall Time in Wall Residence Time (µg/L) 

(ft/day) r21 (days) (J) (days) c4) Upgradient Within Wall Downgradient~,l:i!IJ:il~J~k 

April 26-28,1999 
Northern Transect I MWT-1 MWT-2 MWT-3 

1.66 0.72 0.36 23 I I 1 

Middle Transect MWT-4 MWT-5 MWT-6 
0.37 3.24 1.62 21 JU I U 

Southern Transect MWT-7 MWT-8 MWT-9 
0.49 2.45 1.22 430 JU 43 

June 29, 1999 
Northern Transect I MWT-1 MWT-2 MWT-3 

0.24 5.07 2.54 8 JU 0.8 J 
Middle Transect MWT-4 MWT-5 MWT-6 

0.30 4.05 2.03 2 lU JU 
Southern Transect I MWT-7 MWT-8 MWT-9 

0.91 1.32 0.66 5301 2U 52 

September 28-29,1999 

Northern Transect MWT-1 MWT-2 MWT-3 

-0.72 NA(6) NAc6J 2U JU JU 

Middle Transect MWT-4 MWT-5 MWT-6 
0.22 5.40 2.70 3U lU lU 

Southern Transect MWT-7 MWT-8 MWT-9 
1.40 0.86 0.43 480 lU 56 

January 4-5, 2000 
Northern Transect MWT-1 MWT-2 MWT-3 

0.71 1.69 0.85 18 2U 21 
Middle Transect MWT-4 MWT-5 MWT-6 

0.37 3.24 1.62 3U JU 21 
Southern Transect MWT-7 MWT-8 MWT-9 

1.43 0.84 0.42 480 3U 32 

ls!~;!f!f~@!if~:r:.1~.:.~1!1•11~.\11,i~~J~~-1.sl 
Notes 
(1) TCE and DCE concentrations are based on Treatability Study groundwater results. See Appendix D for raw chemica1 data 

(2) Velocity= Kiln, 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 ofiron 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 =I - ( Ratio ofUpgradient 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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Upgradient 

MWT-1 
73 

MWT-4 
49 

MWT-7 
201 

MWT-1 
32 

MWT-4 

82 
MWT-7 

32 

MWT-1 

6 

MWT--4 
40 

MWT-7 
25 

MWT-1 
72 

MWT-4 
58 

MWT-7 
22 

(µg/L) 

Within Wall Downgradient 

MWT-2 MWT-3 
27 27 

MWT-5 MWT-6 
0.71 3 

MWT-8 MWT-9 
JU 32 

MWT-2 MWT-3 
6 10 

MWT-5 MWT-6 
20 17 

MWT~8 MWT-9 
42 150 

MWT-2 MWT-3 

0.61 2 

MWT-5 MWT-6 

5 11 
MWT-8 MWT-9 

7 38 

MWT-2 MWT-3 
23 48 

MWT-5 MWT-6 
7 10 

MWT-8 MWT-9 

55 44 

1~,r~1,,~~~~~~ 



Table 6-3 
Mon thy Groundwater Elevation Measurements, Groundwater Velocities and Residence Times Measurements 

Ash landfill Feasibility Memorandum 
Seneca Army Depot Activity 

Monitoring/ Monitoring Hydraulic I Elevation at April 28, I 999 May 28, I 999 June 28, I 999 

WellID I L::~~n-- --_ Co~:~:~;tyo) _ -T~~~~~s~r o:7:::~~t _ ~!::;~:::1o~) o:~:~!op -~!::;~::1o{ft) o::::~;op w!:;~:::
1
o~) 

MWT-1 I Upgradient 
- ---------- - ·-------· 33_8 t 637-24 --·--

MWT-2 I Within Wall 21 637_!9 
------

MWT-3 I Downgradient 28.3 637.31 

MWT-10 Northernmost Wall End 55_1 636_07 

MWT-11 Southernmost Wall End 0.39 635_9 

PT-24 Mid-Wall, Downgradient NA 636-4 

MW-29 Upgradient, Mid-Cluster NA 637-31 

MW-28 Upgradient, North-Cluste NA __ 637-21 

MW-27 Upgradient, North-Cluste NA 639.32 
-----

MW-53 Upgradient, Mid-Cluster NA 639.41 

PT-17 Upgradient, South-Cluste NA 640_14 

MW-30 Upgradient, Southern End NA 640.32 
Notes: 
(1) Hydraulic Conductivity of Glacial TIII/V\feathered Shale _from In-situ Slug Tests, 

Hydraulic Conductivity of Iron/Sand from Falling Head Permeability Test 

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

(3) V = Ki/ne; where: K = Ave. Hydraulic Conductivity, I= Hy,9rualic 9radient and 

ne = effective porosity, (assumed to be 0.15) 

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

(5) Negative Residence Times indicate Reverse Flow. 

(6) Equivalent Reactive Iron Residence Time is one-half the Wall Residence TI me 

because the wall is 50% reactive iron. 
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1~~-
--~- -· -----

4_99 632_25 5.50 631-74 6.37 630_87 
--~----·-·· -- ----

5_00 632_!9 5.42 631-77 6.35 630_84 
5_13 632_18 5.40 631-91 6-45 630_86 

6.86 629.21 4_25 631-82 5_09 630_98 

2.41 633-49 4.45 631-45 7-30 628.60 

4.56 631-84 5_19 631-21 6.54 629_86 
5~76--- -------·-····- --

631-55 6_79 630.52 8.80 628.51 

4.56 632_65 5.59 631-62 6_85 630.36 
4_95 634.37 6.58 632-74 7_61 631-71 

---· 
5-87 633.54 7_65 631-76 9-70 629-71 
4.54 635_60 7.44 632.70 9.58 630.56 
5_02 635.30 8.60 631-72 dry dry 
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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 
------,-.-

Well ID 
Monitoring [ Hydraulic 

We~l_ _____ Conductiv1ty(Il {~r3rfr::1-0?!tt:ii:r,iir~::t~)- _August30,I999 _ .. I Septemb~r27, 1999 I 
Elevation of Depth from Top 

~fR.i~er-(ft) · 
Depth from Top Elevation of 

Location (ft/day) Water Level (ft) I - ofRis~~ (ft) Water Level (ft) 

MWT-1 

MWT-2 · ~ft:~::1 - -t 33.8 

21 
6F-~4 I 8.06 _ j 629.18 
637. I 9 f 8.06 629. 13 

9.05 

9.00 
___ 628.19__ I 7.92 62932 I 

628.19 7.90 629.29 

MWT-10 Northernmost Wall End 55.1 636.07 

MWT-11 Southernmost Wall End 0.39 635.9 

PT-24 Mid-Wall, Downgradi:nt _ NA 636.4 
-

MW-29 Upgradient, Mid-Cluster NA 637.31 
--- -----

MW-28 Upgradient, North-Clu~e NA 637.21 

MW-27 Upgradient, North-C::_luste NA 639.32 
--· -

MW-53 Upgradient, Mid-Cius!.'::.. NA 639.41 

PT-17 Upgradient, South-Cluste NA _ -- 640.14 
--

MW-30 Upgradient, Southern End NA 640.32 
Notes: I ___ L 

-- -· --i- ---------- 7.55 _ --628.52 

-~- -~~-- =}~if=: ;: -:~.:i~ 
6.40 629.67 

8.30 628.91 

8.43 i 630.89 
dry _______ dry_ 

~ 
dry 

dry 

dry 

9.05 628.16 
----
8.70 630.62 

I0.00 629.41 

!LOO 
dry 

629.14 

dry 

650 I 62957 

7.14 I 628.76 

8.04 628.36 

dry dry 

7.92 62929 

7.14 632.18 

9.88 629.53 

9.10 631.04 
----
dry dry 

Hydraulic Conductivity of Iron/Sand from Falling Head Permeability Test _ _ _ ~ ____ ---+-------1-------
(1) Hydraulic Conductivity of Glacial Till/W~~_!!i_ered -~-~~e. ~~':1 __ 1~~situ S_~~~ _TE:~ts, _ _ -1 ~ r 
(2) Distance is the length Between the Upgradient and Downgradient Well, 6.2 ft. 

J~} V = Kifne; where: K = Ave. Hy~~ulic Conductivi~._ ~~ _H~~~lic Gra~(~t an_!:!_ ~~ ~ _- --=-~-- l =~---=-.=_:_ _ _ =- =~~ 
ne = effective porosity, (assumed to be 0.15) -I 

(4) ResidenceTimeistheRatioofVelocitytoTrench. Width, 12.ft. I_~-. _______ J 
(5) Negative Residence Times indicate Reverse Flow._____ _l _____ . __ +- ... _ . _ __ _ __ 

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

because the wall is 50% reactive iron. I ---=-=-=-=--+ =~ 
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Table 6-3 
Monthy Groundwater Elevation Measurements. Groundwater Velocities and Residence Times Measurements 

Ash landfill Feasibility Memorandum 

M;:~o:gl 
Monitoring · ~le~~: ~!;;c,; Elevation at 

- ·------ -

Well Top of Riser 

Location (MSL) 

MWT-l_J __ Upgradient ____ 33.8 

---~ 

637.24 

MWT-2 Within Wall 21 637.19 

MWT-3 Downgradient 28.3 637.31 

MWT-10 Northernmost Wall End 55.1 636.07 

MWT-11 Southernmost Wall End 0.39 635.9 

Seneca Army Depot Activity 

October 29, l 999 

D;pth-f;o;; T~p -, Elevation ~f _ 
of Riser (ft) _ Water Level (ft) 

6.26 630.98 

6.26 

6.37 

5.25 

5.52 

630.93 
- ---·---- ----- -

630.94 

630.82 
1-----

630.38 
--·------- --~- .. -I·-- ----- -------

PT-24 Mid-Wall, Downgradient NA 636.4 

MW-29 Upgradient, Mid-Cluster NA 637.31 

MW-28 Upgradient, North-Cluste NA 637.21 

MW-27 Upgradient, North-ClllS~e NA 639.32 

MW-53 ..YE.~?!ent, Mid-Cluster NA 639.41 

PT-17 Upgradient, South-Cluste NA 640.14 
- MW-30-- ----~~--~----·-- --

Upgradient, Southern End NA 640.32 
Notes: 

(1L~!'~~Jic Con~~~_of Glacial Till.Weathered ~~~le!::'~~::i.~~~lug _ _!!~·. 

~lEi~~-~ce is the Length Between the Up_9~dient ~n-~p~~_ii_ra~ent yv~A,_?_::2 _!t- __ 
(3~ :_K__!~.,_2-~ere: K = Ave. Hydraulic Conduc~~'.- 1 ~ ~~d_ruali<:_ G~die_~ ~"~--

"•=effective porosity, (assumed to be 0.15) 1 
(4) Residence Time is the Ratio of Velocity to Tren':11_!0dth0 12 ft.___ _ 

(5) Negative Residence Times indicate Reverse Flow. __ _ ___ _ _ 

(6) Equivalent Reactive Iron Residence Time is one-half the Wall Residence Time 
t,;~u-;; the wall is 50% reactive i;~~- - --·-7· - --- - -- --1 --
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6.10 630.30 
--·-- - -----

8.00 629.3 I 
------·-·-·· -

6.34 630.87 

6.60 632.72 - .. 
1-------------

8.71 630.70 
-----

8.05 632.09 
--·----··----·····--

9.57 630.75 

_ _ ... l)ec_:111ber 2:_ 1999 Ja!'_~'.'!Y_3, 2000 __ 

Depth from Top l Elevation of Depth from TopT Elevation of 

of Riser (ft) Water Lev,,J_(ft) of Riser (ft) . r Water Level (ft) 

5.53 63 u1 I 5.26 - 631.98 

5.46 

5.59 

4.36 
-·-----·--·----·- --·---

4.15 
--------

5.04 
--------

6.79 
--·· ---~-----

5.5 
--------------

5.21 
-· --·--·-·-····-· 

7.61 
----------- ··-

5.14 
- - -------

7.27 

-· 

------

631.73 

631.72 

631.71 

631.75 

631.36 

630.52 

631.71 

634.l 1 

631.80 

635.00 
---------·-

633.05 

5.22 631.97 

5.36 631.95 

4.14 631.93 

3.22 632.68 

4.8 631.60 

6.34 630.97 

5.16 632.05 

5.46 633.86 

6.7 632.71 

5.08 635.06 
·----------· ------

6.78 633.54 

·····- ---1----- ---------

l ~•- -_ -.-:..+~~~~~- -
Page

0

3 of4 
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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 

~;:1t1%~J-- . 

M_cillitl)ring 
Well 

Location 

Hydraulic Elevation at 
--·----- --·-

February 29, 2000 _ __ April 17, 200~ 

°-?;~~;~~~~pl ~!~f tl::l~) 
MWT-1 

MWT-2 

MWT-3 

_!P~~ient 
Within Wall 
---------·-

Downgradient 

MWT-10 ' Northernmost Wall End 

MWT-11 Southernmost Wall End 

PT-24 Mid-Wall, Downgradient 

MW-29 Upgradient, Mid-Cluster 

MW-28 Upgradient, North-Cl~e_ 

MW-27 lJpgradient, North-Clt1s!~ 
MW-53 JJpgradient, Mid-Cluster 

-~---
PT-17 Upgradient, South-Cluste 

Conduct~vityc1l 

(ft/day) 

33.8 

21 

28.3 

55.1 
--------

0.39 

NA 

NA 

NA 

NA 

NA 

NA 

MW-30 IUpgradient, Southern Endl NA 

TopofRiser 

(MSL) 

637.24 

637.19 
···------

637.31 

636.07 

635.9 

636.4 

637.31 
---------

637.21 

639.32 

639.41 
·---------

640.14 

640.32 

Depth from Top Elevation of 
--- ·--- -·--- --·---

of Riser (ft) Water Level (ft) 

3.94 

r---m:~-
4.69 632.55 

4_11 4_93 632.26 
4.22 5.04 632.27 

2.95 633.12 3.74 632.33 
------

1.6 634.30 2.36 633.54 

3.91 632.49 4.41 631.99 
------·---·-· ----------

4.96 632.35 5.21 632_10 
------ -------·--·-- --·--··--

3.61 633.60 4.44 632.77 
---·--·------ ··- ----------- --- i-------- --

3-82 63550 5_]1 634.21 

5.1 634.31 5_72 633_69 
1-------··-··------ . -- --------

4.02 636_12 4.59 635.55 
---------· 

4.1 636.22 5.55 634.77 

Hydraulic Conductivity of Iron/Sand fro_m_F_a_ll_in~g_H_ea_d_P_e_rm_ea_b_ili~ty_T_e_st ___ --+--------_-·_

1
L----~~2~~--=~~ __ :_1-~- -~ 

~)_p~tance is the length Between the Upgradient and D~~t_V\l_ell,_ B,?~ ___________ I __ ______ ____ _ ---<---------I 

(3) :== ~;;~::e;~:,~~;ss~:e:~~cb~~n~~ct,vity, I= Hydruahc G±rad1ent and _ _ _____ ------~

1 
____ _ 

Notes: ---··-··----- _I~----

(4) Residence Time is the Ratte ofVeloc,tyto Trench Width, 1.2 ft _ _ _ .,________ __ ------+---------1

1 
(5) Negative Residence Times indicate Reverse Flow. 

@_ ~i1:alent Reactive Iron Resrd:.!1~ Time,:~ one:_hal~t~ ~~~I R~1de~-ce T]~e -_ --
1
- -- - - -- - ~-~ ~- -~- __ - -_ - ~ -----+------

because the wall 1s 50% reactive iron f I I _ I 
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Table 6-4 
Calculation of Radius oflnfluence of Monitoring Wells within Reactive Wall 

Ash Landfill Feasibility Memorandum 
Seneca Army Depot Activity 

Vw Vw Va Va rl rl r2 
Monitoring Vol Vol Aquifer vol well radius radius of 

Well of water of water holding Vw water in aquifer 
(gal) (L) (L) ft3 inches feet inches 

Apr-99 
MW-T2 0.06 0.24 0.60 0.02 0.5 0.04 0.63 
MW-T5 0.26 1.00 2.50 0.09 0.5 0.04 0.94 
MW-T8 0.26 1.00 2.50 0.09 0.5 0.04 0.94 
Jun-99 
MW-T2 0.33 1.26 3.15 0.11 0.5 0.04 1.34 
MW-T5 0.38 1.44 3.60 0.13 1.5 0.13 1.96 
MW-T8 0.60 2.27 5.68 0.20 2.5 0.21 2.80 
Sep-99 
MW-T2 1.00 3.79 9.46 0.33 0.5 0.04 2.96 
MW-T5 1.00 3.79 9.46 0.33 1.5 0.13 3.09 
MW-T8 1.50 5.68 14.19 0.50 2.5 0.21 4.20 
Jan-00 
MW-T2 0.20 0.76 1.89 0.07 0.5 0.04 0.95 
MW-T5 0.22 0.83 2.08 0.07 0.5 0.04 0.88 
MW-T8 0.22 0.83 2.08 0.07 0.5 0.04 0.88 

Notes: 
1) Assume effective porosity, ne, for the iron/sand media to be 0.4 

2) V = V In a w e 

3) Va= 1[• h~2
2

- r/) 

p:\pit\projects\seneca\irontrnc\gwdata\rad_lnfl.xls\Summary 

r2 h 
height of 

water column 
feet ft 

0.05 6.90 
0.08 6.47 
0.08 6.42 

0.11 3.33 
0.16 3.65 
0.23 5.85 

0.25 1.80 
0.26 2.10 
0.35 2.02 

0.08 4.72 
0.07 6.50 
0.07 6.54 



Location DO 
Well ID (mg/]) 

Optimum: <0.5 mg/L 

Comments: 

PT-10 East of impact area NA 

PT-II 
South of West 

NA 
Smith Farm Road 

PT-12A Plume 1.20 

PT-15 
South of West 

5.90 
Smith Farm Road 

PT-16 
North of impact 

NA 
area 

PT-16Dup 
North of impact 

NA 
area 

PT-17 Plume 4.45 

PT-18 Plume 0.92 

PT-19 
South of West 

NA 
Smith Farm Road 

PT-20 Plume 1.91 

PT-20Dup Plume NA 

PT-21A Plume 0.94 

PT-22 Plume 3.92 

PT-23 
North of impact 

NA 
area 

PT-24 Plume 1.78 

PT-25 
South of West 

6.77 
Smith Farm Road 

PT-26 
Off of SEDA 

2.05 
property 

MW-27 
N011h of impact 

8.90 
area 

MW-28 Plume 4.32 
MW-29 Plume 6.12 

MW-30 
South of West 

6.8-1 
Smith Farm Road 

MW-31 
South of West 

NA 
Smith Farm Road 

MW-32 Plume 1.83 

MW-33 
South of West 

6.07 
Smith Farm Road 

MW-34 
Off of Ash Landfill 

0.94 
site 

MW-35D 
Off of SEDA 

0.63 
property 

MW-36 
OffofSEDA 

1.20 
property 

p:pitprojecls\seneca\irontmc\draftmemo\indic1 .xis 

Table 6-5 
Round 1 Groundwater Monitoring-October 1999 Indicator Parameters and Field Measurements 

Ash Landfill Feasibility Memorandum 
Seneca Army Depot Activity 

Temp Spec. Cond. pH ORP Turbidity Fe+2 
(deg. C) (umhos/cm) (units) (mV) (ntu) (mg/]) 

>20C, accelerated 5<pH<9 <50 possible, <-100 likely >I mg/L 

12.09 799 7.14 79.8 0.90 0.06 

13.78 870 738 70.0 <50 0.02 

15.39 1652 6.73 92.5 2.25 0.00 

12.58 578 7.39 60.5 25.00 NA 

15.22 555 6.93 103.2 1.00 0.00 

NA NA NA NA NA 0.00 

14.78 617 6.98 -5.0 1.00 0.00 
14.84 1340 6.70 -57.0 2.20 0.13 

13.89 1234 6.62 -90.0 7.00 9.48 

15.20 855 6.78 130.0 0.50 0.01 

NA NA NA NA NA 0.02 

13.06 1252 7.14 -4.0 2.09 0.58 
13.03 1452 6.92 10).0 4.82 0.00 

16.16 603 7.14 80.1 l0.00 0.06 

15.00 625 7.08 124.0 0.95 0.01 

15.03 417 6.92 I 17.3 1.80 0.00 

12.30 667 7.46 0.7 5.80 0.08 

14.2-1 559 7.41 44.8 100.00 0.01 

14.58 618 6.99 111.0 l.25 0.00 

14.97 93 I 6.96 113.0 4.85 0.00 

13.55 652 6.97 131.0 0.75 0.00 

15.74 569 7.07 106.6 3.00 0.06 

12.99 662 6.96 -20.5 2.50 0.17 

15.80 567 7.00 94.0 3.00 0.00 

14.98 509 7.47 49.7 5.40 0.07 

11.37 541 8.43 2.8 1.50 . 0.00 

13.70 734 7.17 77.1 2.20 0.00 

Page 1 of4 

Sulfide Methane Ethane 

(mg/]) (ug/1) (ug/1) 
>I mg/L >500 ug/L 

daughter product daughter product 

0.000 8.9 0.02 

ND 1.4 O.Ql 

0.012 4.2 0.36 

NA 3.0 0.01 

NA 0.2 ND 

NA 0.2 ND 

0.022 ND 0.03 

0.037 515.0 0.98 

NA 1208.2 O.Q7 

0.008 ND ND 
0.008 ND ND 

0.016 7.7 0.43 

0.080 ND 0.20 

NA 4.8 ND 

NA ND 0.02 

NA ND ND 

0.021 29.6 0.02 

0.013 393.0 ND 

0.018 ND ND 

0.042 ND ND 

0.011 ND ND 

0.000 ND ND 

0.016 6.6 ND 

NA ND 0.01 

NA 3.1 ND 

0.028 6.3 0.03 

0.013 ND ND 

8/10/2000/7:24 AM 



Location 

Well ID 

Optimum: 

Comments: 

MW-36Dup 
Off of SEDA 

property 

MW-37 
North of impact 

area 

MW-38D 
North of impact 

area 
MW-39 NE of impact area 

MW-40 East of impact area 

MW-41D 
Upgradient of Ash 

Landfill site 

MW-42D 
Upgradient of Ash 

Landfill site 

MW-43 East of impact area 

MW-44A Plume 

MW-45 Plume 
MW-46 Plume 

MW-47 
Off of SEDA 

property 

MW-48 Plume 

MW-49D Plume 
MW-50D Plume 

MW-51D 
Off of SEDA 

property 

MW-52D 
Off of SEDA 

property 

MW-53 Plume 

MW-54D Plume 

MW-55D Plume 

MW-56 
250 ft West of 

boundary of SEDA 

MW-570 
Off of SEDA 

property 

MW-58D 
Off of SEDA 

property 

MW-59 
South of West 

Smith Fann Road 

MW-60 
South of West 

Smith Fann Road 

ND = Not Detected 

NA= Not Available 

DO 

(mg/I) 

<0.5 mg/I.. 

NA 

NA 

NA 

NA 
NA 

NA 

0.78 

8.95 

0.30 

7.73 

NA 

4.88 

NA 

NA 

NA 

0.70 

0.67 

4.47 

0.34 

0.43 

3.28 

0.26 

0.15 

NA 

NA 

p:pitprojects\senecalirontmc\draftmemolindic1 .xis 

Table 6-5 
Round 1 Groundwater Monitoring-October 1999 Indicator Parameters and Field Measurements 

Ash Landfill Feasibility Memorandum 
Seneca Army Depot Activity 

Temp Spec. Cond. pH ORP Turbidity Fe+2 

(deg.C) (umhos/cm) (units) (mV) (ntu) (mg/I) 

> 20C, accelerated 5<pH<9 <50 possible, <-100 likely >lmg/1.. 

NA NA NA NA NA NA 

16.52 569 7.09 93.1 7.36 0.00 

13.52 550 7.02 25.1 135 0.12 

15.07 546 7.17 84.9 0.58 0.01 

15.54 603 7.23 94.6 2.00 0.07 

11.62 773 7.01 108.0 L50 0.00 

11.39 547 7.40 78.8 0.90 0.00 

13.38 585 7.10 115.8 2.10 0.00 

12.95 1401 7.09 112.2 1.11 0.03 

13.77 542 7.18 108.0 1.45 0.00 

15.45 771 6.95 -113.2 1.50 0.77 

14.07 621 7.13 85.7 2.88 0.09 

15.82 585 7.11 73.0 1.20 0.03 

12.65 656 7.23 -6.2 2.10 0.22 

12.41 519 7.56 -63.4 2.60 0.09 

12.28 595 7.30 26.6 1.58 0.92 

11.65 482 8.65 -14.5 90.70 0.04 

14.25 926 6.89 108.0 0.46 0.00 

12.47 66-l 7.22 57.4 0.47 0.03 

13.32 525 9.02 -15.0 27.00 0.02 

13.30 669 7.00 112.0 0.50 0.01 

11.45 590 9.12 -32.1 20.80 0.00 

11.17 610 9.12 -110.0 138.00 0.00 

14.95 1286 6.89 82.9 0.60 0.01 

14.65 768 7.11 -40.0 1.00 0.01 

Page 2 of4 

Sulfide Methane Ethane 

(mg/I) (ug/1) (ug/1) 

>lmg/1.. >500ug/l.. 

daughter product daugbter product 

NA ND ND 

NA ND ND 

NA 1.5 0.04 

NA ND ND 

NA ND ND 

0.060 2.9 0.06 

0.014 1.0 0.05 

0.016 ND ND 

0.021 0.6 0.85 

0.018 ND ND 

NA 130.9 0.16 

0.010 ND ND 

NA ND ND 

NA I.I 0.01 

NA 4.4 0.01 

0.009 3.7 0.02 

0.290 8.6 0.01 

0.010 ND ND 

0.008 2.9 0.01 

0.141 10.4 ND 

0.012 ND ND 

0.017 7.9 0.02 

0.500 10.9 ND 

NA 18.5 ND 

NA ND ND 

8/10/2000/7:2f AM 



Location 
Well ID 

Optimum: 

Comments: 

PT-IO East of impact area 

PT-11 
South of West 

Smith Farm Road 
PT-12A Plume 

PT-15 
South of West 

Smith Farm Road 

PT-16 
North of impact 

area 

PT-16Dup 
North of impact 

area 
PT-17 Plume 
PT-18 Plume 

PT-19 
South of West 

Smith Fann Road 

PT-20 Plume 

PT-20Dup Plume 
PT-1!A Plume 

PT-22 Plume 

PT-23 
North of impact 

area 

PT-24 Plume 

PT-25 
South of West 

Smith Fann Road 

PT-26 
Off of SEDA 

property 

ll:!W-27 
North of impact 

area 

MW-28 Plume 

M\\--29 Plume 

MW-30 
South of West 

Smith Fam, Road 

MW-31 
South of West 

Smith Fann Road 
MW-32 Plume 

MW-33 
South of West 

Smith Farm Road 

MW-34 
Off of Ash Landfill 

site 

MW-35D 
Off of SEDA 

property 

MW-36 
Off of SEDA 

property 

p:pitprojectslseneca\irontmcldraflmemo\indic1.xls 

Ethene 
(ug/1) 

Table 6-5 
Round 1 Groundwater Monitoring-October 1999 Indicator Parameters and Field Measurements 

Ash Landfill Feasibility Memorandum 

Seneca Army Depot Activity 

TOC Nitrate/Nitrite Tot. Alkalinity Sulfate Chloride 
(mg/I) (mg/I) (mg/I CaCO3) (mg/I) (mg/I) 

>20 mg/L <I mg/L > 2 x background <20 mg/L > 2 x background 

daughter product daughter product 

0_03 4.1 0.01 340 24.4 58.2 

ND 8.3 0.50 220 65.1 83.8 

0.26 4.9 0.10 396 508.0 91.2 

ND 2.2 0.12 NA NA NA 

ND 2.7 0.12 264 33.0 8.8 

ND 2.7 0.1 I 262 34.0 8.9 

ND 4.3 0.09 250 88.8 10.4 
4.47 8.5 0.08 516 210.0 23.7 

0.08 116.0 <0.01 500 <5 63.7 

ND 4.) 0.21 310 185.0 11.7 
ND NA NA NA NA NA 
ND 3.1 0.19 302 265.0 116.0 
ND 4.3 0.24 310 339.0 86.7 

0.01 J' __ , 0.03 280 37.7 9.2 

ND 3.6 0.94 226 80.3 13.7 

ND 2.4 0.66 184 31.3 9.6 

ND 2.2 0.10 270 51.4 42.3 

ND -~--, 1.00 256 122.0 I 0.5 

ND 1.6 0.02 272 55.7 Ill.I 
----~-

NIJ 2.9 0.:58 324 143.0 31.0 

ND 4.2 0.17 290 58.8 14.0 

ND 3.4 0.55 268 28.9 9.-l 

ND 3.7 0.74 300 53.1 11.9 

ND 2.9 1.40 228 50.2 16.9 

ND 2.2 0.05 264 31.1 4.4 

0.07 2.0 0.04 232 34.9 19.0 

ND 4.2 0.81 298 59.9 20.2 

Page 3 of4 

Hardness Hydrogen Hydrogen 
(CaCO3) (nM/1) (ug/1) 

>lnM 

350 0.8 1.613E-03 

328 ND NA 

935 ND NA 

NA ND NA 

300 1.2 2.419E-03 

296 ND NA 

280 0.8 0.002 
660 2.8 0.006 

656 0.9 0.002 

412 0.8 0.002 
425 ND NA 
740 6.1 0.012 
680 ND NA 

310 ND NA 

308 0.8 0.002 

204 0.8 0.002 

164 ND NA 

240 ND NA 

370 ND NA 
590 0.6 0.001 

308 l.3 0.003 

256 26.0 0.052 

302 8.1 0.016 

292 0.7 0.001 

160 13.8 0.028 

100 1.4 0.003 

340 1.3 0.003 

8/10/2000/7:24 AM 



Location 
Well ID 

Optimum: 

Comments: 

MW-36Dup 
Off of SEDA 

property 

MW-37 
North of impact 

area 

MW-38D 
North of impact 

area 
MW-39 NE of impact area 

MW-40 East of impact area 

MW-41D 
Upgradient of Ash 

Landfill site 

MW-42D 
Upgradient of Ash 

Landfill site 

MW-43 East of impact area 

MW-44A Plume 

MW-45 Plume 

MW-46 Plume 

MW-47 
Off of SEDA 

property 

MW-48 Plume 

MW-49D Plume 
MW-50D Plume 

MW-SID 
Off of SEDA 

property 

MW-52D 
OffofSEDA 

property 

MW-53 Plume 

MW-5--ID Plume 

MW-55D Plume 

l\,JW-56 
~50 ft \Vest of 

boundary of SEDA 

MW-570 
Off of SEDA 

property 

MW-58D 
Off of SEDA 

property 

MW-59 
South of West 

Smith Farm Road 

MW-60 
South of West 

Smith Farm Road 

ND = Not Detected 

NA= Not Available 

p:pitprojects\senecalirontmc\draftmemolindic1 .xis 

Ethene 

(ug/1) 

Table 6-5 
Round 1 Groundwater Monitoring-October 1999 Indicator Parameters and Field Measurements 

Ash Landfill Feasibility Memorandum 
Seneca Army Depot Activity 

TOC Nitrate/Nitrite Tot. Alkalinity Sulfate Chloride 

(mg/I) (mg/I) (mg/I CaCO3) (mg/I) (mg/I) 
>20 mg/L <lmg/L > 2 x background <20 mg/L > 2 x background 

daughter product daughter product 

ND NA NA NA NA NA 

0.07 3.2 0.17 272 35.1 7.7 

ND 2.5 0.01 248 31.2 12.2 

ND 3.5 0.11 244 34.2 10.3 

ND 2.9 0.33 248 85.0 6.3 

0.02 7.5 0.08 340 76.6 8.1 

O.D2 2.5 0.09 272 27.7 3.8 

ND 4.0 0.03 264 69.0 I 1.2 

4.72 7.9 NA NA NA NA 

ND 2.8 .0.02 240 40.1 11.5 

0.05 5.2 0.12 316 77.1 18.1 

ND 2.8 2.20 238 69.8 19.2 

ND 3.2 0.18 260 60.1 10.8 

0.01 2.7 0.02 276 66.6 18.5 

0.02 2.6 0.04 240 28.7 12.5 

0.02 2.5 1.30 242 61.4 15.9 

0.06 1.7 0.1 I 208 39.9 2.2 

ND 2.9 0.35 314 161.0 32.5 
ND 1.9 0.03 2--10 67.3 51.0 

0.02 2.2 0.23 252 3~.5 1.8 
------

ND 2.9 I.SO 200 I 12.0 28.8 

0.05 1.9 0.03 258 50.8 -l.9 

0.02 2.0 0.02 276 53.1 2.4 

ND 3.9 0.02 284 88.2 47.4 

ND 8.1 0.05 516 230.0 27.6 

Page4 of4 

Hardness Hydrogen Hydrogen 

(CaCO3) (nM/1) (ug/1) 

>I nM 

346 ND NA 

300 0.8 I.613E-03 

280 1.2 2.419E-03 

278 2.0 4.032E-03 

294 0.8 0.002 

348 1.0 ·2.0J6E-03 

300 ND NA 

330 ND NA 

710 ND NA 

270 4.2 0.008 

404 ND NA 

288 9.3 1.875E-02 

304 1.0 0.002 

340 1.2 0.002 

228 1.6 0.003 

242 0.8 0.002 

<2 5.3 0.011 

500 0.6 0.001 

298 4,2 0.008 

10 1.6 0.003 

308 --1.7 0.009 

JO 3.4 0.007 

20 1.9 0.004 

364 2.1 4.233E-03 

688 0.9 I.814E-03 

8/10/200017:24 AM 



Location DO 
Well ID (mg/I) 

Optimum: <0.5 mg/L 
Comments: 

PT-10 East of impact area 1.6 

PT-II 
South ofWest 

8.04 
Smith Farm Road 

PT-12A Plume 1.55 

PT-15 
South of West 

Smith Farm Road 
9.32 

PT-16 
North of impact 

3.8 
area 

PT-16Dup 
North of impact 

NA 
area 

PT-17 Plume 3.19 
PT-18 Plume 3.4 

PT-19 
South ofWest 

0.4 
Smith Farm Road 

PT-20 Plume 1.22 
PT-21A Plume 1.41 

PT-22 Plume 4.1 I 

PT-23 
North of impact 

7.27 
area 

PT-24 Plume 0.29 

PT-25 
South of West 

Smith Farm Road 
9.62 

PT-26 
Off of SEDA 

7.43 
property 

MW-27 
North of impact 

9.57 
area 

MW-28 Plume 5.2 
MW-29 Plume 7.31 

MW-30 
South of West 

Smith Farm Road 
8.67 

MW-30Dup 
South ofWest 

Smith Farm Road 
NA 

MW-31 
South ofWest 

10.51 
Smith Farm Road 

MW-32 Plume 4.45 

MW-33 
South of West 

7.5 
Smith Farm Road 

MW-34 
Off of Ash Landfill 

site 
1.49 

MW-35D 
Off of SEDA 

4.18 
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 

Temp Spec. Cond. pH ORP Turbidity 
(deg.C) (umhos/cm) (mV) (ntu) 

Fe+2 
(mg/I) 

>20C, accelerated 5<pH<9 <50 poss, <- I 00 likely >lmg/L 

9.43 765 7.28 71.3 1.3 0.10 

8.36 968 7.42 78.0 50.5 0.00 

5 1462 7 53.0 1.1 0.06 

10.24 512 7.58 86.5 5.91 0.13 

7.27 500 7.07 119.0 1.25 0.00 

NA NA NA NA NA NA 

7.93 629 7.01 108.0 0.54 0.01 
6.65 1544 6.82 108.0 3.25 0.02 

6.96 726 6.96 -144.0 1.5 0.65 

7.29 893 6.98 92.3 1.5 0.02 
6.52 1112 7.24 0.0 0.57 0.35 

6 1175 6.9 148.5 0.87 ND 

7.36 504 7.27 104.0 7.6 0.18 

7.57 517 7.62 68.5 3.6 0.06 

8.32 391 7.04 138.7 1.2 0.01 

8.26 697 7.23 92.5 10 0.11 

6.83 547 7.40 87.8 8.95 0.11 

7.14 607 7.12 98.0 7.2 0.13 
7.37 828 7.03 102.9 4 0.12 

7.01 569 7.10 144.9 2.2 0.04 

NA NA NA NA NA 0.04 

8.14 464 7.18 133.0 8.8 0.26 

7.1 I 630 7.05 131.0 9.56 0.09 

7.51 553 6.97 137.0 3.2 0.02 

9.25 533 7.39 II 1.0 8.9 0.06 

8.78 483 8.40 25.2 6.5 0.04 
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Sulfide Methane 
(mg/I) (ug/1) 

>I mg/L >500 ug/L 
daughter product 

0.011 7.5 

0.110 1.8 

0.014 4.4 

ND 1.0 

0.000 ND 

NA ND 

0.021 ND 
0.014 0.6 

· 0.028 1247.3 

0.000 ND 
0.019 6.5 
ND ND 

0.030 ND 

0.009 2880.2 

0.009 ND 

ND 0.8 

0.030 12.0 

0.024 0.4 
0.033 0.2 

0.030 ND 

NA ND 

0.075 ND 

0.042 ND 

0.019 ND 

0.030 0.3 

0.010 3.5 

8/10/2000n:23 AM 



Location 
Well ID 

Optimum: 
Comments: 

MW-36 
Off of SEDA 

property 

MW-37 
North of impact 

area 

MW-38D 
North of impact . 

area 
MW-39 NE of impact area 

MW-40 
East pf impact area, 

ND 

MW-410 
Upgradient of Ash 

Landfill site 

MW-42D 
Upgradient of Ash 

Landfill site 
MW-43 East impact area 

MW-44A Plume 
MW-45 Plume 
MW-46 Plume 

MW-47 
Off of SEDA 

property 
MW-48 Plume 

MW-49D Plume 
MW-50D Plume 

MW-510 
Off of SEDA 

property 

MW-52D 
Off of SEDA 

property 
MW-53 Plume 

MW-:i3Dup Plume 
MW-54D Plume 
MW-551) Plume 

MW-56 
250 ft West of 

boundary of SEDA 

MW-570 
Off of SEDA 

property 

MW-58D 
Off of SEDA 

property 

MW-59 
South ofWest 

Smith Farm Road 

MW-60 
South of West 

Smith Farm Road 

ND = Not Detected 
NA= Not Available 

p:lp~lprojectslseneca\irontmc\draftmernolindic2.xls 

DO 
(mg/I) 

<0.5 mg/L 

1.51 

6.43 

2.9 

3.4 

6.49 

0.77 

1.26 

5.38 
0.83 
4.13 
1.03 

NA 

2.25 
1.58 
1.07 

1.24 

5.2 

:i.37 
NA 
0.43 
1.43 

2.07 

0.83 

0.59 

2.07 

0.7 

Table 6-6 
Round 2 Groundwater Monitoring-January 2000 Indicator Parameters and Field Measurements 

Ash Landfill Feasibility Memorandum 
Seneca Army Depot Activity 

Temp Spec. Cond. pH ORP Turbidity 
(deg.CJ (umhos/cm) (mV) (ntu) 

Fe+2 
(mg/I) 

>20C, accelerated 5<pH<9 <50 poss, <-100 likely >lmg/L 

8.44 633 7.16 32.3 1.95 0.03 

7.63 496 705 148.0 3.1 0.00 

9.75 515 7.34 76.8 7.5 0.00 

7.64 554 7.18 116.5 0.95 0.03 

7.99 576 7.38 80.3 1.5 0.01 

7.15 734 7.23 125.0 2.45 0 00 

9.41 536 7.2 l 35.1 1.97 0.17 

5.24 657 7.28 107.0 0.65 0.01 
5.57 2242 7.25 66.5 3.5 0.08 
6.10 549 7.29 53.0 4.5 0.01 
7.19 758 710 -71.1 6.36 0.09 

NA NA NA NA NA NA 

7.26 538 7.23 12.0 4.:i 0.06 
8.63 :,52 7.27 40.8 10 0.05 
8.04 460 7.56 -46.0 6.1 0.13 

9.82 544 7.40 69.9 1.23 NA 

6.59 439 8.74 31.5 85.2 0.15 

7.46 752 6.94 149.0 6.18 0.01 
NA NA NA NA NA NA 
7.47 618 7.39 0.0 3 0.04 
7.24 464 9.02 -24.0 47.9 0.10 

4.35 535 7.13 85.3 152 NA 

10.36 535 9.12 -79.8 36.2 0.23 

9.89 554 9.24 -96.0 214 NA 

6.21 1164 6.95 79.2 5 0.11 

6.80 665 7.13 13.6 1.5 NA 

Page 2 of4 

Sulfide Methane 
(mg/I) (ug/1) 

>lmg/L >500 ug/L 
daughter product 

0.005 ND 

0.000 ND 

0.008 0.6 

0.010 0.6 

0.009 0.5 

0.010 3.0 

0.080 8.2 

0.009 0.6 
0.016 6.2 
NA 0.5 

0.040 6.1 

NA ND 

0.018 ND 
0.000 3.7 
0.012 8.2 

NA 0.6 

NA 4.4 

0.01 I ND 
NA ND 

0.0:,8 2.7 
NA 9.1 

NA ND 

0.094 7.5 

NA 11.0 

0.025 0.5 

NA 1.3 

8/10/2000/7:23 AM 



Location Ethane 
Well ID (ug/1) 

Optimum: 
Comments: daughter product 

PT-10 East of impact area 0.03 

PT-I I 
South ofWest 

ND 
Smith Farm Road 

PT-12A Plume 0.34 

PT-15 
South ofWest 

0.03 
Smith Farm Road 

PT-16 
North of impact 

ND 
area 

PT-16Dup 
North of impact 

area 
ND 

PT-17 Plume 0.03 
PT-18 Plume ND 

PT-19 
South of West 

ND 
Smith Farm Road 

PT-20 Plume 0.01 
PT-21A Plume 2.39 
PT-22 Plume 0.01 

PT-23 
North of impact 

ND 
area 

PT-24 Plume 1.56 

PT-25 
South ofWest 

ND 
Smith Farm Road 

PT-26 
Off of SEDA 

ND 
property 

MW-27 
North of impact 

ND 
area 

MW-28 Plume 0.01 
MW-29 Plume ND 

M\V-30 
South of West 

ND 
Smith Farm Road 

MW-30Dup 
South ofWest 

Smith Farm Road 
ND 

MW-31 
South ofWest 

ND 
Smith Farm Road 

MW-32 Plume ND 

MW-33 
South of West 

0.02 
Smith Farm Road 

MW-34 
Off of Ash Landfill 

site 
ND 

MW-35D 
Off of SEDA 

0.03 
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 

Ethene TOC Nitrate/Nitrite Tot. Alkalinity Sulfate Chloride 
(ug/1) (mg/I) (mg/I) (mg/I CaC03) (mg/I) (mg/I) 

>20mg/L <lmg/L >2 x background <20mg/L > 2 x background 
daughter product daughter product 

0.03 NA NA NA NA NA 

ND NA NA NA NA NA 

0.21 2.7 0.02 356 506.0 92.0 

ND 1.3 0.11 230 48.9 8.0 

ND 1 3 <0.01 248 129.0 9.0 

ND NA NA NA NA NA 

ND 2.6 0.02 290 144.0 10.0 
0.02 6.9 0.03 520 570.0 27.0 

ND NA NA NA NA NA 

ND 2.6 0.03 302 261.0 20.0 
ND 2.2 0.02 268 238.0 117.0 

ND 2.1 0.06 302 333.0 49.0 

ND 1.3 0.01 240 161.0 9.0 

0.45 2 <0.01 84 159 28 

ND NA NA NA NA NA 

ND 1.0 0.19 310 80.5 12.0 

ND 1.6 0.10 246 45.6 9.0 

ND 2.2 0.07 278 74.2 11.0 

ND 2.3 0.03 312 143.0 24.0 

ND NA NA NA NA NA 

ND NA NA NA NA NA 

ND NA NA NA NA NA 

ND NA NA NA NA NA 

ND NA NA NA NA NA 

ND NA NA NA NA NA 

0.07 1.2 0.26 252 32.8 12.0 
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Hardness Hydrogen Hydrogen 
(CaC03) (nM/1) (ug/1) 

>I nM 

NA 0.5 1.008E-03 

NA ND NA 

708 ND NA 

265 ND NA 

285 0.8 l.613E-03 

NA ND ND 

308 2.3 0.005 
935 7.7 0.016 

NA 0.7 0.001 

480 8.2 0.017 
510 ND NA 

602 5.4 0.011 

288 1.4 0.003 

252 5.2 0.010 

NA 4.2 0.008 

352 4.4 0.009 

252 ND NA 

348 4.9 0.010 
436 3.4 0.007 

NA 4.4 0.009 

NA ND NA 

NA 4.7 0.009 

NA 3.5 0.007 

NA 3.8 0.008 

NA 9.4 0..019 

60 1.6 0.003 

8/10/2000/7:23 AM 



Location 
Well ID 

Optimum: 
Comments: 

MW-36 
Off of SEDA 

property 

MW-37 
North of impact 

area 

MW-38D 
North of impact 

area 
MW-39 NE of impact area 

MW-40 
East pf impact area, 

ND 

MW-410 
Upgradient of Ash 

Landfill site 

MW-420 
Upgradient of Ash 

Landfill site 
MW-43 East impact area 

MW-44A Plume 
MW-45 Plume 
MW-46 Plume 

MW-47 
Off of SEDA 

property 
MW-48 Plume 

MW-49D Plume 
MW-50D Plume 

MW~51D 
Off of SEDA 

property 

MW-52D 
Off of SEDA 

property 
MW-53 Plume 

MW-53Dup Plume 
MW-54D Plume 
MW-551) Plume 

MW-56 
250 ft West of 

boundary of SEDA 

MW-57D 
Off of SEDA 

property 

MW-58D 
Off of SEDA 

property 

. MW-59 
South ofWest 

Smith Farm Road 

MW-60 
South ofWest 

Smith Farm Road 

ND= Not Detected 
NA = Not Available 

Ethane 
(ug/1) 

daughter product 

ND 

ND 

0.02 

ND 

ND 

0.03 

0.03 

ND 
0.26 
ND 
0.09 

ND 

ND 
0.02 
0.01 

0.01 

0.02 

0.01 
ND 
0.01 
0.02 

0.02 

0.02 

0.02 

ND 

ND 
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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 

Ethene TOC Nitrate/Nitrite Tot Alkalinity Sulfate Chloride 
(ug/1) (mg/I) (mg/I) (mg/I CaC03) (mg/I) (mg/I) 

>20mg/L <I mg/L >2 x background <20 mg/L >2 x background 
daughter product daughter product 

ND 2.4 0.44 256 63.5 16.0 

ND I.I 0.10 248 151.0 6.0 

ND 1.3 0.04 256 135.0 11.0 

ND NA NA NA NA NA 

ND NA NA NA NA NA 

ND NA NA NA NA NA 

0.02 NA NA NA NA NA 

ND NA NA NA NA NA 
1.27 6.1 0.06 290 693.0 252.0 
ND NA NA NA NA NA 
ND NA NA NA NA NA 

ND NA NA NA NA· NA 

ND NA NA NA NA NA 
0.04 1.5 0.24 246 50.5 21.0 
0.03 0.6 0.10 222 31.1 13.0 

ND 1.2 2.80 224 57.8 19.0 

0.11 0.7 0.24 200 47.1 2.0 

ND 2.3 0.14 282 130.0 24.0 
ND NA NA NA NA NA 
ND 0.7 0.08 23.8 57.1 42.0 
0.08 1.3 0.15 240 32.9 2.0 

ND 2.3 1.89 190 88.9 23.0 

0.02 <0.5 0.12 252 43.8 6.0 

0.02 <0.5 0.04 266 55.0 4.0 

ND NA NA NA NA NA 

ND NA NA NA NA NA 
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Hardness Hydrogen Hydrogen 
(CaC03) (nM/1) (ug/1) 

>I nM 

300 0.9 0.002 

280 0.9 0.002 

278 I.I 0.002 

NA 0.7 0.001 

NA 0.8 0.002 

NA 1.2 0.002 

NA ND NA 

NA 0.7 0.001 
1090 ND NA 
NA 3.1 0.006 
NA 1.3 0.003 

NA ND NA 

NA 0.6 0.001 
326 6.7 0.014 
225 1.5 0.003 

250 8.8 0.018 

23 ND NA 

370 3.2 0.006 
NA ND NA 
292 4.9 0.010 
II 2.8 0.006 

305 l.l 0.002 

II 2.3 0.005 

20 4.8 0.010 

NA 4.3 8.668E-03 

NA 1.2 2.419E-03 

8/10/2000/7:23 AM 



Table 7-1 

Summary of Sub-Alternatives of Alternative 3a 

Ash Landfill Feasibility Memorandum 
Seneca Army Depot Activity 

Description 

Total Number of 
Treatment Walls 

Wall Descriptions 

Additional 
Treatment 

New Monitoring 
Wells 

Monitoring 
Program 

Alternative 1 

One Reactive Wall Downgradient of Existing 
Boundary Wall and Natural Attenuation of Plume 
Upgradient of Boundary Wall 

2 

1 Boundary wall ( existing) 

(1.2' thick, 6-8 1 deep, 645' long, 50% iron) 

2 Compliance wall I 00 ft west of boundary wall 

(2.1' thick, 8 1 deep, 645' long, 100% iron) 

3 

4 

None 

7 

Alternative 2 

One Reactive Wall Downgradient of Boundary Wall 
and Two Reactive Walls Upgradient of the Boundary 
Wall with Vegatable Oil Addition Upgradient of 
Source Wall 

4 

Boundary wall ( existing) 

(1.2 1 thick, 6-8 1 deep, 645' long, 50% iron) 

Compliance wall I 00 ft west of boundary wall 

(2.1' thick, 8 1 deep, 645' long, JOO% iron) 

Middle wall just east of West Patrol Road 

(1' thick, 9' deep, 700' long, 100% iron) 

Source wall about 600 ft east of boundary wall 

(2' thick, 11' deep, 700' long, 100% iron) 

Application of vegetable oil as a carbon source for 
microbes in the zone up gradient of source wall -
yields hydrogen (electron donor) for reductive 
dechlorination 

13 

1st Year Sample 4 wells two times to monitor performance of Sample 11 wells two times to monitor performance of 
the complianc.e wall. newly installed walls. 

Every Year Sample 8 wells and measure GW elevation in 67 

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

Every 5 Years 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. 

Operation and 
Maintenance 

Boundary and compliance walls 

Approximate Time 
of Remediation 

Notes: 

60 years 

See Figure 7-1 for location of proposed walls 

Appendix G has detailed cost calculations 

p: \pit\projects \seneca \irontrnc\draftmemo\fi nal\i roncost2.xls \ Table 7 -1 

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. 

Boundary, compliance, middle and source walls 

15 years 



Monitoring Well 

ID Type Status Location 

PT-10 Bedrock E East of impact area 

PT-II Overburden E 
South of West Smith 

Farm Road 

PT-l2A Oi:erburdcn E Upgradicnt side of SW 

PT-15 Overburden E 
South of West Smith 

Farm Road 

PT-16 (h-erburden E North of impact area 

PT-17 Overburden E Plume 

PT-18 Overburden E Plnme 

PT-19 Overburden E Upgradfont side of SW 

PT-20 Overourdcn E Upgradient side of MW 

PT-ZIA Overburden E Plume 

PT-22 Overburden E Upgradient side of MW 

PT-23 Overburden E North of impact area 

PT-24 Overburden E Plume 

PT-25 Overburden E 
South of West Smith 

Farm Road 

PT-26 Overburden E Off of SEDA property 

MW-27 Overburden E North.of impact area 

MW-28 Overburden E Plume 

MW-29 Overburden E Plume 

MW-30 Ol:erburden E 
South of West Smith 

Fann Road 

MW-31 Overburden E 
South of West Smith 

Farm Road 

MW-32 Overourden E Upgradient side of MW 

MW-33 Q\•erburden E 
South of West Smith 

Farm Road 

MW-34 (h,erburden E Off of Ash Landfill site 

MW-35D Bedrock E Off of SEDA property 

MW-36 Overburden E Off of SEDA property 
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Purpose 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Table 7-2 

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

Ash Landfill Feasibility Memorandum 

Seneca Army Depot Activity 

Preconstruction First Year Every Year 
Methane, 

Slug Testing voe In organics voe ethane, H, voe Water IC\·el 
ethenc 

# of times 
# of times (t}JJC of 

#of times 
# of times (type of 

# of times 
#of # of times (type of 

#of times 
analysis) analysis) times analysis) 

I 

I 

I I 

I 

I 

I 

I 

l I 

l l 

l 

l I 

l 

I 

I 

I 

I 

l 

I 

l 

I 

l l 

I 

l 

I 

I 

Page 1 of3 

Every 5 Years 

! Methane, 
Inori,tnics voe 

J ethane, ethenc 
H, 

#of times 
#oftimes(~-pcoq 

#of times 
#of 

ana1ysis) i times 

!(CLP) 

!(CLP modified) 

!(CLP modified) 

!(CLP modified) 

!(CLP) 

l(eLP) 

l(CLP modified) 

!(CLP modified) 

!(CLP) 

!(CLP) 

!(CLP modified) 

!(CLP) 

!(CLP modified) 

l(CLP modrned) 

!(CLP modrned) 

l (CLP modified) 

!(CLP modified) 

l(CLP) 

!(CLP) 

!(CLP) 

!(CLP) 

l(CLP modified) 

!(CLP modrncd) 



ID Type 

MW-37 (}ycrb~en 

MW-38D Bedrock 

MW-39 O••erburden 

MW--40 Overburden 

MW--41D Bedrock 

MW--420 Bedrock 

MW--43 Overburden 

MW--44A Overburden 

MW--45 j O\"crburden 

MW--46 Overburden 

MW--47 0,·erbunlcn 

MW--48 O•;erburdcn 

MW--49D Bedrock 

MW-50D Bedrock 

MW-SID Bedrock 

MW-52V Bedrock 

MW-53 O,;erburdcn 

MW-54D Bedrock 

MW-55D Bedrock 

MW-56 Overburden 

MW-570 Bedrock 

MW-58D Bedrock 

MW-59 Overburden 

MW-60 Overburden 

MW-61 Overburden 

Monitoring Well 

Stalus 

E 

E 

E 

E 

E 

E 

E 

E 

Location 

North of impact area 

North of impact area 

NE of impact area 

East of impact area 

Upgradient of Ash 

LandfiIIsite 

Upgradicnt of Ash 
Landfill site 

East of impact area 

Plume 

E ! Upgradicnt side of SW 

E I Upgradient side of SW 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

Off of SEDA property 

Upgradicnt side of MW 

Plume 

Plume 

Off of SEDA property 

Off of SEDA property 

Plume 

Plume 

Plume 

250 ftWestofboundary 

of SEDA 

Off of SEDA property 

Off of SEDA property 

South of West Smith 
Farm Road 

South of West Smith 
Farm Road 

Pur-posc 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Sentry·weJI 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

N 
l0ftWestofrailroad I designofCW,plume 

tracks monitoring 
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Table 7-2 

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

Ash Landfill Feasibility Memorandum 

Seneca Army Depot Activity 

Preconstruction First Year Every Year 

Slug Tc.ding 

# of times 

voe 

# of times (t:-pc of 
analysis) 

1(524.2) 

lno11?3nics 

# of times 

Page2 of3 

voe 

#oftimcs(typeof 
analysis) 

2(524.2) 

Methane, 
ethane. 
cthcnc 

# oftimcs 

H, 

#of 
times 

voe 

# of times (type of 
analysis) 

1(524.2) 

1(524.2) 

Water-JeyeJ 

#oftimes 

Every 5 Years 

Inorganics voe Methane, ! ethane. ethene 

# of times #oftimcs(~i,eof: #oftimes 
analysis) l 

!(CLP modified) 

!(CLP modified) 

!(CLP) 

!(CLP) 

!(CLP modified) 

!(CLP) 

!(CLP) 

!(CLP modified) 

!(CLP) 

I (CLP modified) 

!(CLP modified) 

!(CLP modified) 

!(CLP modified) 

!(CLP modified) 

!(CLP) 

!(CLP) 

I(CLP modified) 

!(CLP modified) 

l(CLP modified} 

!(CLP) 

H, 

#of 
times 



Table 7-2 

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

Ash Landfill Feasibility Memorandum 

Seneca Army Depot Activity 

Monitoring Well Preconstruction First Year Every Year 

ID Type Status 

MW-62 Cr.·erburdcn N 

MW-63 o ... erburden N 

MW-64 Overburden N 

MW-65 Ch'erburdcn N 

MW-66 Ovcrimnlen I N 

MWT-1 Q,.-erburden E· 

MWT-2 Q\·crburdcn E 

MWT-3 Overburden E 

MWT-4 Overburden E 

MWT-5 Overbun:len E 

MWT-6 Overbun:len E 

MWT-7 Overburden E 

MWT-8 Overburden E 

MWT-9 O•,;erburden E 

MWT-10 Overburden E 

MWT-11 Overburden E 

MWT-12 Overburden N 

Total Samples 

Total QA/QC 

Total 

Nol<>; 
H; = hydrogen 

Location Purpose 

10ftWcstofrailroad ! designofCW,plume 
tracks l monitoring 

IO rt West of railroad I design of CW, plume 
tracks monitoring 

Halfway between RR I design of CW, plume 
tracks and MW-56 monitoring 

Beti.vcen MW-56 and 
Farmhouse 

At Farmhouse 

Plume 

Plume 

Plume 

Plume 

Plume 

Plume 

Plume 

Plume 

Plume 

North of impact area 

South ofimpactarea 

In CW 

Triggerwell 

Compliance well 

BW performance, plume 
monitoring 

BW perf onnance 

BW performance~ plume 
monitoring 

BW performance, plume 

monitoring 

BW pcrfonnance 

BW performance, plume, 

monitoring 

BW performance, plume 

monitoring 

BW perfonnance 

BW pcrfonnance~ plume 

monitoring 

BW perfonnancc, plume 

monitoring 

BW performance, plume 

monitoring 

CW performance 

SW= source wall MW= middle ·wall, CW= compliance ·wall, BW = boundary wall 

Slug Testing 

# of Limes 

13 

voe 

# of times (type of 
analysis) 

1(524.2) 

1(524.2) 

1(524.2) 

lnor2311ics 

#of times 

10 

10 

20 

voe 

# of times (type of 

analysis) 

2(524.2) 

2(5242) 

2(524.2) 

2(524.2) 

10 

IO 

20 

IfVOC concentrations in MW-64 meet GA standard, compliance ,,;all will be placed between monitoring wells along the railroad tracks and MW-64. IfVOC concentrations in MW-64 do !;lot meet 
GA standard, compliance \\."811 "'-iU be placed between and MW-56 and MW-64. MW-64 will be left in place and used during the performance evaluation of the compliance wall. 
Inorganic analysis includes analysis of su]fate, alkalinity, nitrate, total dissolved solids, phosphate, chloride, calciu~ magnesium, potassium, sodium, iron, manganese, and pH. 
pH, conducti,,.ity, temperature, turbidity, redox potential, dissolved oxygen, and ferrous iron, are measured in field in monitoring wells from which inorganic samples are collected. 
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Methane, 
ethane, 
ethcnc 

#of times 

10 

IO 

20 

H, 

#of 
times 

voe 

#oftimes(t:-pcof 
analysis) 

1(524.2) 

1(524.2) 

1(524.2) 

1(524.2) 

1(524.2) 

1(524.2) 

13 

WaterleYcl 

# oftimes 

67 

67 

lnoJ1?anics 

# of times 

16 

21 

Every 5 Years 

voe , Methane, 
j ethane. ethcnc 

# of times (type of! 
analysis) l # of times 

!(CLP modified) 

!(CLP modrned) 

!(CLP) 

1(524.2) 

!(CLP) 

1(524.2) 

1(524.2) 

1(524.2) 

1(524.2) 

1(524.2) 

I (CLP modrned) 

!(CLP) 

!(CLP modrncd) 

!(CLP) 

1(524.2) 

!(CLP) 

1(524.2) 

60 16 

17 

77 25 

H, 

#of 
times 



Monitoring Well 

ID T:n>c Status Location 

PT-10 Bedrock E East of impact area 

PT-II Overburden E 
South of West Smith 

Farm.Road 

PT-12A OYcrburden E 
Upgradient side of 

SW 

PT-15 Overburden E 
South of West Smith 

Fann Road 

PT-16 Overburden E North of impact area 

PT-17 0\-·erburdcn E Plume 

PT-18 O,.·erburden E Plume 

PT-19 O•.:erbun:len E 
Upgradient side of 

SW 

PT-20 Overburden E 
Upgradient side of 

MW 

PT-21A Overburden E Plume 

PT-22 Overburden E 
Upgradient side of 

MW 

PT-23 Ol·erburden E North of impact area 

PT-24 Overburden E Plume 

PT-25 Overburden E 
South of West Smith 

Farm Road 

PT-26 Overburden E 
Off of SEDA 

property 

MW-27 Overburden E North of impact area 

MW-28 l Overburden E Plume 

MW-29 Overburden E Plume 

MW-30 Overburden E 
South of West Smith 

Farm.Road 

MW-31 Overburden E 
South of West Smith 

Fann Road 

MW-32 Ol'Crourden E 
Upgradient side of 

MW 

MW-33 Overburden E 
South of West Smith 

Farm Road 

MW-34 Ovctborden E 
Off of Ash Landfill 

.;te 

MW-35D Bedrock E 
Down gradient of 

SEDA properly 

MW-36 Overburden E 
Downgradient of 

SEDA properly 
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Purpose 

Plume monitoring 

Plamc monitoring 

Design of SW, plume 

monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Design of SW, plume 

monitoring 

Design of SW, plume 

monitoring 

plume monitoring 

Design of MW, plume 

moriitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Design of MW, plume 

monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Table 7-3 

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

Ash Landfill Feasibility Memorandum 

Seneca Army Depot Activity 

Preconstruction First Year Every Year 
Methane, 

SlugTe.tt voe Inorganic.Ii voe ethane, H, voe WaterlC\·cl 
cthcne 

#oftirncs(typcof # ohimcs (t)-pc of #of # of times (type of 
#of times 

analysis} 
# of times 

analysis) 
# of times 

times analysis) 
# of times 

I 
: 

I 

I I 
: 

I 

I 

I 

I 

I I 

I I 

I 

I I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I I 

I 

I 

I 

I 

Page 1 of4 

Every 5 Years 

lnoq?ania voe ! Methane, 
j ethane, ethene 

H, 

# of times (type of #of 
#of times 

analysis) 
#of times 

times 

I (CLP modified) 

!(CLP) 

!(CLP modified) 

!(CLP modified) 

!(CLP) 

!(CLP) 

!(CLP modified) 

!(CLP) 

!(CLP) 

!(CLP) 

!(CLP modified) 

!(CLP) 

!(CLP modified) 

I (CLP modified) 

!(CLP modified) 

!(CLP.) 

!{CLP) 

!(CLP modified) 

!(CLP modified) 

!(CLP moadied) 

!(CLP modified) 

!(CLP modified) 

!(CLP modified) 



ID Type 

MW-37 Ch·crburdcn 

MW-38D Bedrock 

MW-39 Overburden 

MW-40 Overburden 

MW-4ID Bedrock 

MW-42D Bedrock 

MW-43 Overburden 

MW-44A Overburden 

MW-45 OYerburden 

MW-46 Overburden 

MW-47 Overburden 

MW-48 Overburden 

MW-49D Bedrock 

MW-50D Bedrock 

MW-5ID Bedrock 

MW-520 Bedrock 

·MW-53 Overburden 

MW-54D Bedrock 

MW-55D Bedrock 

MW-56 Overburden 

MW-570 Bedrock 

MW-58D Bedrock 

MW-59 Q\.·erburden 

MW-60 Overburden 

MW-61 Overburden 

Monitoring Well 

St:atull 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

N 

Location 

North of impact area 

Nor1h of impact area 

Northeast of impact 

area 

East of impact area 

Upgradicnt of Ash 

Landfill site 

Upgradient of Ash 
Landfill site 

East of impact area 

Plume 

Purpose 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Upgradient side of I Design of SW. plume 

SW monitoring 

Upgrndient side of I Design of SW. plume 
SW monitoring 

Off of SEDA 
property 

Plume monitoring 

Upgradient side of I Design of MW, plume 
MW monitoring 

Plume 

Plume 

Off of SEDA 
property 

Off of SEDA 
property 

Plume 

Plume 

Plume 

250 ft West of 
boundary of SEDA 

Downgradient of j 
SEDA property i 

Downgradient of 

SEDA property 

South ofWest Smith 
Farm Road 

South ofWestSmith 
Farm Road 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Sentry well 

Plume monitoring 

Plume monitoring 

Plume monitoring 

Plume monitoring 

10 ft West of railroad I Design of CW, plume 
tracks monitoring 
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Table 7-3 

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

Ash Landfill Feasibility Memorandum 

Seneca Army Depot Activity 

Preconstruction First Year Every Year 

Slu~Tc.,1 

# of times 

voe 

# of times (type of 

analysis) 

1(524.2) 

lnorS?DDicS 

# of times 

voe 

# of times (type of 

anal~~) 

2(5242) 

Page2 of4 

Methane. 
ethane. 
cthene 

# of times 

H, 

#of 
times 

voe 

#oftimcs(typeof 
analysis) 

1(524.2) 

1(524.2) 

WaterlcYel 

#of times 

Every 5 Years 

lnorganics voe Mcthan~ 
j ethane. ethene 

#oftimes #oftimes(typcoti #oftimcs 
analysis) : 

!(CLP modified) 

I {CLP modified) 

!(CLP modified) 

!(CLP modified) 

!(CLP) 

!(CLP modified) 

!(CLP) 

l(CLP modified) 

!(CLP modified) 

!(CLP) 

l(CLP) 

!(CLP modified) 

!(CLP modified) 

l(CLP) 

l(CLP) 

l(CLP) 

1(524.2) 

I (CLP modified) 

!(CLP modified) 

1(5242) 

H, 

#of 
times 



ID T:n>c 

MW-62 Overburden 

MW-63 Overburden 

MW-64 Overburden 

MW-65 ~·erburdcn 

MW-66 Overburden 

MWT-1 Overburden 

MWT-2 Overburden 

MWT-3 O,,crburden 

MWT-4 Overburden 

MWT-5 Q\·erburden 

MWT-6 Q\·crburden 

MWT-7 Overburden 

MWT-8 Q\·erburdcn 

MWT-9 O,·erburden 

MWT-10 Q\·erburderi 

MWT-11 Overburden 

MWT-12 Overburden 

MWT-13 Overburden 

MWT-14 Overburden 

MWT-15 Overburden 

MWT-16 Overburden 

MWT-17 Overburden 

MWT-18 Overburden 

Subtotal 

ITotalQA/QC 

Monitoring Well 

Statu!I 

N 

N 

N 

N 

N 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

N 

N 

N 

N 

N 

N 

N 

Location Purpose 

lOftWestofrailroadl DcsignofCW.plume 
tracks monitoring 

lOftWestofrailroadl DcsignofCW,plume 
tracks monitoring 

halfo-'ay bctv.·een .rr I Design of CW, plume 
tracks and MW-56 monitoring 

Benveen MW-56 and 
Fannhouse 

At Farmhouse 

Plume 

Plume 

Plume 

Plume 

Plume 

Plume 

Plume 

Plume 

Plume 

Trigger well 

Compliance well 

BW performance, plume 
monitoring 

BW performance 

BW pcrfonnan~ plume 

monitoring 

BW performance, plume 

monitoring 

BW performance 

BW perfonnance, plume 
monitoring 

BW perfonnance, plume 
monitoring 

BW perfonnance 

BW performance, plume 
monitoring 

BW performance. plume 
North of impact area I monitoring 

South ofimpact area I BW perfo~an_ce, plume 
monrtonng 

2.5 ft upgrad. of SW I SW pcrfo~an~e. plume 
momtonng 

2.5 ft npgmd. of SW J SW perfo~an~,, plume 
momtonng 

inSW 
SW perfonnance. plume 

monitoring 

2.5 ft upgrad of MW I MW perfo1:11a~ce, plum1 
momtonng 

2.5 ft up grad of MW I MW perfon_n~ce. plum 
momtonng 

inMW 

inCW 

MW performance, plum~ 
monitoring 

CW performance 
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Table 7-3 

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

Ash Landfill Feasibility Memorandqm 

Seneca Army Depot Activity 

Preconstruction First Year Every Year 

Slug Test 

# of times 

17 

voe 

# of times (type of 
analysis) 

1(5242) 

1(524.2) 

1(524.2) 

4 

lnor2anics 

# oftimcs 

22 

10 

voe 

#oftimes(typcof 
analysis) 

2(524.2) 

2(524 2) 

2(524.2) 

2(CLP) 

2(CLP) 

2(CLP modified) 

2(CLP) 

2(CLP) 

2(CLP modified) 

2(524.2) 

22 

10 

Page3 of4 

Methane, 
ethane. 
ethene 

# of times 

22 

10 

H, 

#of 
times 

voe 

# of times (type of 

anal;:~is) 

1(524.2) 

1(524.2) 

1(5242) 

1(524.2) 

1(524.2) 

1(524.2) 

Waterle\·el 

#oftimes 

73 

Inorganic.,;; 

# of times 

22 

Every 5 Years 

voe Methane. 
j ethane, ethene 

#oftimes(~-peofJ #oftimcs 
analysis) : 

1(5242) 

1(5242) 

1(5242) 

1(524.2) 

1(524.2) 

!(CLP) 

I (CLP mo,fified) 

!(CLP) 

!(CLP) 

l(CLPmodified) 

!(CLP) 

!(CLP) 

l(CLP modified) 

!(CLP) 

!(CLP modified) 

!(CLP modified) 

!(CLP) 

!(CLP) 

!(CLP modified) 

!(CLP) 

!(CLP) 

!(CLP modified) 

1(5242) 

66 22 

17 10 

H, 

#of 
times 



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 

ID T:n>e Status Location Purpose I Methane, 
Slu~Tcst voe lnoq!anics voe ethane. I H, 

ethcnc 

:!!.of times I 
# of times (type of 

#of times 
# of times (type of _ l #of # of times _ 

analysis) analysis) tunes 

Total 4 32 32 32 

~ 
Hz= hydrogen 

SW= source wall, MW= middle '"-all, CW= compliance wa~ BW = boundary ,,-all 
lfVOC concentrations in MW-64 meet GA standard. compliance ,,all will be placed between monitoring wells along the railroad tracks and MW-64. IfVOC concentrations in MW-64 do not meet 
GA standard. compliance '""-aU ,vill be placed bcn,,een and MW-56 and MW-64. MW-64 ,,.-ill be left in place and used during the performance evaluation ofthc·compliance \\.-all. 

Inorganic analysis includes analysis of sulfate, alkaiinity. nitrate. total dissolved solids. phosphate. chloride, calcium. magnesium. potassium. sodium. iro°"" manganese. and pH. 

pH. conductivii).. temperature,. turbidii).·, redox potential. dissolYcd ox·ygcn, and ferrous iron. arc measured in field in monitoring '"ells from which inorganic samples are co11ccted. 
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voe 

# of times (type of 

anal~l 

13 

Watcrlt!'·cl 

# of times 

73 

lnorganics 

# of times 

29 

Every 5 Years 

voe , Methane. 
j ethane, ethenc 

# of times (type 0 fj # of times 
analysis) : 

83 32 

H, 

#of 
times 



Table 7-4 

Costs of Groundwater Treatment Alternatives at the Ash Landfill 
Ash Landfill Feasibility Memorandum 

Seneca Army Depot Activity 

ITEM ALTERNATIVE 1 
Sub total capital $551,400 
Contingency 20% $110,300 
Engineering/oversight 20% $110,300 
Total capital (subtotal+ contingency+ engineering/oversight) $772,000 

Sub total O & M $56,800 

Contingency 20% $11,400 

Engineering/oversight 20% $11,400 
Total O & M (subtotal+ contingency+ engineering/oversight) $79,500 

Interest 10% 
Years of operation 60 
Present worth of total O & M costs $792,200 

jTOTAL PRESENT WORTH COST (present worth 0/M + to_tal capital) $1,564,2001 

See Appendix G for detailed costs. 

P: pit\projects\seneca\irontrch \final\ironcost2.xls 

ALTERNATIVE 2 
$1,464,000 

$292,800 
$292,800 

$2,049,600 

$61,600 
$12,300 

$12,300 
$86,200 

10% 
15 

$655,700 

s2, 1os,300 J 

Page 1 of 1 
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Appendix A 
Design and Installation of Boundary (Existing) Continuous Reactive Wall 

Design of Boundary (Existing) Continuous Reactive Wall 

• Table A-1 Maximum VOC Concentrations Detected in Monitoring Wells in Vicinity of 
Continuous Reactive Wall Prior to Installation 

• Table A-2 Design of Continuous Reactive Wall for Ash Landfill-Quantity oflron 
Required in Trench 

Installation of Boundary (Existing) Continuous Reactive Iron Wall 

• Organic Analysis Results of Sand Fill Material and Topsoil 
• Sieve Analysis Results of Sand Fill Material 
• Permeability Test Results of Sand/Iron Mixture 
• Volatile Organic Analysis Results of Soil Samples for Backfill Material 
• Sieve Analysis Results of Iron 
• Field Check of Iron/Sand Ratio 
• Moisture Content Results of Sand Fill Material 



Table A-1 
Maximum voe Concentrations Detected in Monitoring Wells 

in the Vicinity of the Continuous Reactive Wall 
Prior to Installation 

Ash Landfill Groundwater Treatability Study 
Seneca Army Depot Activity, Romulus, NY 

Well Location and Concentration 
Well ID PT-17 MW-28 MW-53 PT-24 MW-29 
Date of Data Collection Jul-93 Jul-93 Nov-93 Jun-97 Jun-97 
Post Removal Action? No No No Yes Yes 

voe ug/L 
Trichloroethene 190 35 4 7 5 
1,2-Dichloroethene 43 53 51 140 150 
Vinyl Chloride ND ND ND ND ND 

p:lpitlprojects\seneca\irontrchldraftmemo\Table1 .xls\table A-1 

MW-27 
Jun-97 

Yes 

ND 
ND 
ND 

04/17/2000 



Residence Time Thickness of 100% Iron 
(days) (1) at v= 0.2ft/day (2) 

1.25 0.25 

Table A-2 

Design of Continuous Reactive Wall for Ash Landfill 
Quantity of Iron Required in Trench 

Seneca Army Depot Activity 

Thickness of 100 % Iron Volume of Iron 
with Safety Factor of 2 Required for Treatment 

(cu.ft) 
(3) 

0.5 2,774 

(1) Residence time is based on results from Envirometals (10/29/98). 
(2) The velocity of groundwater is approx.0.2 ft/day (60.5 ft/year). 
(3)Volume = thickness of 100% iron required*maximum saturated thickness (est. 8.6')*Iength (645') 

h:\eng\seneca\irontrch\lronqty.xfs\ts wp 

Volume of Trench Total Sand Percentage 
(1'x9'x645') cu.ft. iron 

(cu.ft.) 

5,805 3,032 48% 

06/29/2000 
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FROM: DB.JIND DEWATERING INC Pl-0-IE NO. : 616 875 7334 Dec. 04 1998 12:11PM P2 

ENVIltONM.ENTAL TESTINC &: CONSULTINC, INC. 
29M Walnut Grove 'JtgaJ • Metnphis, TN SSlll • (901} 827-2'7!S0 • FAX (901) 827-6!1!'4 

November 25, 1998 

Ms, Becky DeWind 
DeW~nd Dewatering 
7778 llSth Street 
Holland, MI 4g424 

Ref~ Analytical Teating 
ETC Oz-der # 
Project Description 

Founded 19 72 

.9811550 
Seneca Army Depot 

The above referenced project has been analyzed per youx 
instructions. The analy$e~ were performed in our laboratory 
in accordan.¢e with Standa~o Method~ 17th/18th gdition; The Solid 
Waste Manual SW-846; E~A Methods for the Analysis of Water 
and Wastes and/or 40 CFR part 136. 

The results are shown on the attaohed Ana.1ysie sheet(B). 

Please do not hesitate to contact our office if you have any 
questions. 

Si:i;~ 
N~than A. Pera, IV 
Chief Executiva Officer 

rt 
Attachment 

Certifica.ticns 

Tt!!lnnessee 
Arkansas 
Al.aha.ma 
Kentuaky 
North Carolina 
South Carolina 

#TN020~7 

#40730 
1190047 
#415 
#8400.2002 

Misaiss:i.ppi 
Ok.lahoma 
Virginia 
Washington 
US Army Corps 

#9311 
#00106 
IIC.248 

0£ Engineers 
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FROM DEW I ND :OEU=ITER I NG I NC A-ONE NO. : 516 875 7334 Dec. 04 1998 12:12PM P3 

ENVIRONMENTAL TESTING at CONSULTING, INC. 
2924 W"1nat Grove Road • M.aapbls, TN 38111 · (901)327-2750 

ORGANIC ANALYSIS DATA SHEET 

Cl .1 e.nt Name 

site ID 

DeWind Dewatering 

777B 116th Street 
Bolland. MX 49424 

Seneoa Army Depot 

Date Arrived 11./18/98 
ETC Order Number 981.1550 

ETC Lab ID 9811550--01 
Sample ID: Topsoil 

Project#= 
FID # 

Matrix :SOIL 
Sample Date : 11/17/98 

DftZC"1'%0N ~AH nA'rB 
ffi'? RJIStn.'T WUTS LDllT :lll~C!':t'ZD ANALYZBD liY tim'l'!!OD 

QC/MS Volat~1e Orga.i:i~ca 

Acetone 
ACrolein 
Aoeton:i. trlle 
AQrylonier:!.le 
Berur:~ 
aromo'benzene 
Bro~b.lo:t"Otnethane 
BromodJ.cblcrom.ethane. 
B:omoform 

.B~cmomethzme (Methyl ~~om.id~) 
·~tylbenzene 

41:!r--:8Utylbfflu:4lmll 
tart-~utylbenzene 
Carbon Disulfide 
C!arbon "retrach1oride 
t!hloronenzen~ 
C!hlorodibromO'l'l\$ChAne 
Chloroe.thana 
2pmi.l.oroetby1vi.nyl Ethar 
CblC:t."Cform 
Chlo~O!Mt:.hane 
2"c:hl.oroto1uene 
4.-Chl.orotclwm~ 
~,2-nibrOIJIO-~-Chloropropane 
1,~•~ibr~thane 
J:Jib~thane 
i,2-Dich1orobenze:n.e 
J.,3-Dichl.orobenzene 
l,4-~ichl.oroben~<.m• 
Dichlorodifluorocneth4tna 
1,1-Dicbloroe~ 
1,2-Oiahloroetha.ne 
1,1-oiohl.or~•thene 
oi•-~,2-Dioh1oroetnena 
trime•i,2-Diehl.orcethene 
i,2-P~chloropropane 
1,3-Diohloropropane 
2,2•Dichloropropa.ne 
1,1-DiohlQroproperw 
·aia-1, 3-Dichl.O,:'Opropene 
trana-1,l-Diohl.oropropene 
Eehyl. Acar.ate 
Et:.hylben11en~ 

~ I) /1 

~ 

Nt) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
:ND 
NO 
Ntl 
m> 
Nt> 
NI> 
ND 
ND 
ND 
ND 
im 
NO 
ND 
ND 
ND 
ND 
ND 
Ntl 
ND 
NO 
m:i 
ND 
ND 
ND 
ND 
ND 
ND 
Nr) 

ND 
ND 
NO 
ND 
m, 
NO 
ND 

ug/,:.g 
\.t9'/K9 
\19/KS 
ug/r.g 
ug/Kg' 
\1g/'Kl,l 
l.lg/KJJ 
ug/Xg 
ug/Kg 
ug/Kg 
ug/Kg 
ug/Kg 
\'l,g/Kg 
ug/RfJ 
ug/I(J;J 
ug/Kg 
v.g_/Rg 
ug/Kg 
ug/'KJ3 
ug/Xg 
ug/Jtg 
ug/1.(g 
W:?Jl'Zs 
\.\9//V,g 
ugi:g 
ug/K!J 
ug//~ ug Kg 
Ui'/lCg 
ug/Jeg 
ug/Kg 
ug/Kg 
ug/Kg 
u.g/'B:J;J 
Ug/~ 
ug /'Jf.g 
u.g/Kg 
ug/"K,,J 
ug/Kg 
ug/Kg 
ug/Kg 
ug/'t.g 
ug/Kg 

ND - Not Detected 

20.0 
~o.o 
:10.0 
20.0 
i.00 
1.00 
i.90 
1,00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
1.00 
l.. 00 
l,00 

20.0 
1.00 
1. 00 
1.00 
1.00 
l.00 
1.00 
1.00 
l,00 
J..00 
1.00 
1.00 
1.00 
l.Oo 
J..00 
l.,00 
l.. 00 
1.00 
:i..oo 
:i..oo 
l..00 
LOO 
1.00 

20.0 
1.00 

8260B 
J.l./1.9/98 LS 



FROM DEWIND DEWATERING INC Pl-DE l'-0. : 616 875 7334 Dec. 04 1998 12:12PM P4 

ENVIRONMENTAL TESTING at CONSULTING~JNC. 
2924 Walnut Gt:'ove Roed - Mempbk. TN·38111 .. (901)327-2750 

ORGANIC ANALYSIS DATA SHEET 

Client Name DaWind Dewa teri.ng-

7778 116th Street 
Ro1land, la 49424 

Site ID Seneca Army Depot 

Date Arrived 11/18/98 
ETC Order Number 9811S50 

Project# 
FID # 

Matrix :SOIL ETC Lab ID 9811550--01 
Sample ID: Topsoil Sample Date : 11/17/98 

ft:BT 

GC/HS Volatil• Organia~ 

H~o.blorobU.tadienQ 
2-Hexa.uone (tim~) 
lsopropyl.b&nzene. 
4-Ieoprapylto1uene 
H~t:.hylen. Chloride 
Mvt:.hyl Ethyl. :Katone 
4•Methyl-3-pentano~ (MIBK) 
Methyl-t•rt.1::iuty1-Ethar 
No.pbthalene 

•·Propylb-enzene. 
.::yrene 

1,i,i,2-Teerachl.orcatrume 
1,1,2,2-T•trachloroethane 
Tatrachloroethene 
'foluene 
1, ~, 3-'l':r:.:i.ehl.orobenzene. 
1,~,4-~ricb1orobenzene 
1,i,1-Trichloroathane 
1,1,a-~riahioroeth&ne 
Tr:iohloroethene 
Triehloro~luoro~•tb.ane 
1,2,l-Triehloropropan~ 
~,2,4~Trimethyl.l)Qnzene 
1,3,S~Trimethylbanzane 
vinyl Acetat• 
Vinyl Oil.cride 
Xyl~•" ('rctal} 

il,ajr:'roqo,t• standard 
Bl - Di~£luorornethane 
Sl - Tolw;ma-dB 
83 - 4-8rom.of1uorobensane 

J)Z'rBCT%0H l)a,.ir:e DA.ft 
ILSStn:.'l' imx-:rs LDC:T BX'l'RAO'l'E'D »f.l.LyzJU) ay 

ll/19/98 LS 
:m:, usr/Kg l.0O 
NI> ug/Xq 5.00 
ND ug/ltg 1.00 
ND ug/Kg 1.00 
Ntl ~/Kg 10.0 
ND \.:L9'/X9 :20.0 
NI> uq/Kg 20.0 
NL) u.g /'kg l..00 
ND ug/F.JJ i.oo 
NC ug/Ks LOO 
NC ug/Kg l.00 
ND ug/V:.g 1.00 
NP ug/1.(.g 1..00 
ND ug/KIJ l..O0 
ND ug/Kg 1.00 
ND ug/,::g- 1.00 
ND ug/xg J.. 00 
ND w../-u.J 1.00 
m, \.\SIXW l.00 
:ND ug/Kg 1.00 
ND ug /I(g. 1.00 
ND ug/Xg 1.00 
NJ) uq/XS 1.00 
ND usr/Ke 1.00 
NO v.g/~ 20.0 
ND u,g/~ 1.00 
tm ug/FJ:J 1.00 

i Ragoye:z;y ac Lill\it;a 
105 70 l.34 
l.01 as 1.11 
102 e1 J.J.'7 

ND - Not Detected 

KB'l'HOD 

8260B 
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FROM DEWIND DEWATERING INC PHONE NO. : 616 875 7334 Dec. 04 1998 12:18PM P2 

ENVIRONMENTAL TESTING at CONSULTING, INC. 
2924 Webnd. Gro'fe Road• Memphis. TN 38111 • (901)327•2750 

ORGANIC ANALYSIS DATA SHEET 

Client Name DeWind Dewateri~g 

7?78 116th Streat 
Hol.l.an.d, MI. 49-l24 

Site ID Seneca Army Depot 

Date Arrived l.1/18/98 
ETC order Number 9811550 

Project# 
FIP # 

Matrix :SOIL ETC I.tab ID 9811!50-01 
Sample ID: Topsoil Sample Date : 11/17/98 

'1'UT 

GC/MS Base/Neutral & AQid 

AOenaphthene 
Aclenaphthylen~ 
JuiiHne 
Anthracene 
Senz id.in• 
Bensoic Adid 
Benzo(a)anthraoane 
Be..zo(b)fiuoranthene 
Banzo(k)f1uore.nt~e 

~nio(g,h,i)perylene 
nzo(&lpyrane 

Denzyl Alcohol 
~!a(~-ohloroethyi)ather 
nis(~-d.ttloroetho,)Cy)metha:ne 
Bis(2-ehl.oroiaop;r;opy1)ether 
aia(2-ethylhexyl) phthal•t• 
4-Br~b.anyl' phenyl ether 
auty.l henzyl. phthalate 
C?&rb&zole 
4-Cbl.oroanil.iu• 
4-Chloro~l-methylphenol 
2-Chloronaphthalcme 
2-Chlc;;,.ophan.ol 
4-Chlorgph~y1 phenyl ether 
C!hryaene 
DibQnzo(a,h)anthrAe~e 
Diben.zofuran 
Di-D-butyl pbthalate 
1,2-0tchl.orohenzene 
1,3•nichlorohari.Eene 
l.,4-nioblcrobenzcm.• 
3,3 1 -Diahlorobcmzidine 
2,4-Viohlorophenol 
Diethyl phthalate 
:l ,'-t -'t>iftlet:.hylphtJ.D.o1 
'Dimethyl. riht.ha1ate 
4,6~Dini.tro-2-methy1ph•no1 
~,4-Cinitro~lwnol 
i,4-Di:Aitroto1uene 
2,G-ninitrotoiwma 
Di-n-oe~yl phtb.a1ate 
i.~-Di~~~nylhydr•zine 
~luor~:nthene 

-gq,:n;.,: 

Nt> 
ND 
ND 
Nt) 

ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
NtJ 
ND 
ND 
NtJ 
ND 
ND 
Nt) 
m, 
ND 
NJ) 
ND 
ND 
ND 
ND 
.ND 
mi 
NJ:) 

ND 
NO 
ND 
ND 
ND 
N'rJ 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND - Not 

t)ffSC'1't0K DA'n: m.n 
mtl:Tlil t.ntl:'r EX'l'UC'rED .utAt,, Y'ZllI) SY 

11./26/SI& 11/2"/98 CB 
us/1eg :u,1 
ug/Kg iG7 
ug/Kg 167 
ug-/Ks- 167 
ug/lf.l;J G6'7 
ug/Kg 1670 
us-/JJ:g lEi7 
Ug/Kg l.67 
ug/K.g l,(;7 
ug/Kg l6'7 
ug/1(.g 167 
ug/Jtg lEi7 
ug/K~ 1(;7 
ug/Kg 167 
ug/Kt;J 11!i7 
ug/Xg 167 
u.g/Jeg 167 
ug/Kf;J 167 
us!XIJ 333 
U'E!/~ 1.6 7 
ug/Kg 167 
ug/"Ks 167 
ug/J:fJ l.67 
ug/KJ;l iG7 
ug/Kg 16:7 
w,t/'l.(g 16'7 
ug/'t:.g 167 
us/~ 167 
ug/t.g 167 
ug/'Kg 167 
U!iJ'/XJ;/ 167 
ug/f.!;1 167 
1,1g-/Kg 167 
u11/Ksr 167 
ug/Kg l.6 7 
ug/lCg l.Ei 7 
ug/Rg JJl 
ug/Kg ~70 
ug-/Kg J.G7 
Ul'J/JCg 167 
ur,/Kg l.67 
ug/Kg 16'7 
ug-/tcg 16'1 

Detected 

MBTJlOD 

8Z70C 



ll/U4/Hti 11:55 ~AA 42JllUHHll 

FROM DEWIND DEWATERING INC 
Ul v.t!.l<S.1<;-SOLU'i'lUN 

P1-tN: NO. : 616 875 7334 
lf/J U I 

Dec. 04· 1998 12!18PM P3 

ENVIRONMENTAL TESTING at CONSULTING, INC. 
2924 WabJUl Grvire Road· Memphis, TN l8111 - (901)327-2750 

ORGANIC ANALYSIS DATA SHEET 

Client Name 'DeW:l.nd. Dewatering 

7718 116th Str•et 
Bolland, M~ .9424 

S1.te ID Seneca Army Depot 

Date Arrived 11/18/98 
ETC Order Numbe~ 9813.550 

B'l'C Lab ID 9811550-01 

Project #
FID # 

Matrix :SOIL 
Sample ID: Topsoil Sample Date : 11/17/98 

l:lftliC!1:'XON DA'.rB OM"E 
DST dstn.T tmrl'S x.na-r BX'J:MC'!'KD AKAL~ZBO 8T 

CJC/MS Base/Neutral" Ac:id 
ll/~4/!;'18 l.J./24./98 CB 

Pluorefl~ NI) U!J/Rg 167 
Bexacll-1..o:r:obenzene NI) ug/F.g J.G7 
lfexachlorobutadiene ND ug/Kg 167 
~phlor~eyolopentad.iene ND ug/Kg 167 
11~0h.l.oroetban• ND ug/Kg. J.67 
In~(~,2,3-ed)pyrene ND ug/KJ,J J.S7 
J:aophorone ND ug/"K/;1 167 
2-Methy1na~hthal•ne ND ug/¥/;J 167 
2-Methylp'hen.cl ND ug/Kg 167 

Met:.hylplwnQJ. tm ug/'¥.1,;J 167 
Metl:!.ylph$no1 m:, u9/r,;g 167 

Naphthalene ND ug/'t.l;J 167 
2 ~:si.t.roaniline Ntl us/"Y.1 1.67 
3-Niircaniline ND u.g/lCg l67 
4-Hiti:~iline bID ug/1".6 167 
Nitrobe=.sena m> Wi/F.G 167 
2-Nitrophen.ol ND \\9/Xg 167 
,-Nit.:rophenol Nt) 1,1g/XfJ 167 
R-Nitroaodimethy1•m:lne ND ug/-u.J 167 
B•Mit.rosodiphenylamine NlJ ug/riJ lEi 7 
N-Rieroao-di-n-p~opy1.i:imine ND ug/~g 167 
Peo~acblc:azophenol NO ur,/Ke 333 
Pb.eD.1U1tbrene ND ug/Kig 167 
Phenol HD US/7.9 l.lS7 
Py.rene ND ug/Kg 167 
Py¥--id:l.ne ND \.1.9' /'J:f,; l.67 
1,2,4~TX"iQh1orol::usnzerte ND u.g/Xg 167 
2 1 4,5-Trichlo:i;,b4nol ND ug/Kg 167 
2,4,6-Trichloropheno1 ND ug/~ 167 

~m::mrat~ Stand&rd !i B~-=!:2~~~ QC l!am:i t~ 
Bl - ~itrobenzene-dS Bfi 2S 110 
62 - ~-Fluor()biphenyl 86 33 114 
S3 - 4-Terpbenyl-dl.4 89 37 115 
S4 -.Phenol-d' 8~ 11 1:.2 5 
as - ~,4,6-Tribromc:iphanol 9S ·9 l.3.4 
S6 - 2-Pluorophenol 8.9 10 11.9 

la'l"HOD 

8210C 



FROM DEWlND DEI.J:lTERING INC PHCN: NO. : 616 875 7334 

Lgj uo 

Dec. 04 1998 12:20PM P6 

ENVIRONMENTAL TESTING et CONSULTING~ INC. 
• 1924 Walnut Gnwc lload ~ Memphis, TN 38111 - ~1)327-2750 

ORGANIC ANALYSIS DATA SHEET 

Client Name DeWind Oewater.ing 

7778 116th Streee 
Bolland. MI: 49424 

Site !.D Seneca Army Depot 

Date Arrived l.1/18/98 
BTC 01:'der N\1.mbe:r gs 11 s so 

ETC I,ab ID 9811SS0-01 
·Sample ID: Topsoil 

Project# 
FID # 

Matrix :SOIL 
Sample Date : 11/17/98 

bZTBOTION' DA"l"B D&'l'JI: 
Tfi'r IU!:Sln.'1' mr.cT9 :C.:Da't' U"l"lU\C"L'BD .ANALYZKD :BY Jm'I'HOD 

'l'CL Peatioidea 

A1pbtl•nl:IC 
Bata-JiHC 
Delca-ns.c 
Ga.mm&-aHC ( LindJwa) 
Eeptachlo:r 
Al4rin 
Hectaohlor Bp0xide 
Endoaulfan I 
t>ieldrin 
· ,4.' -ODE 

.drin 
r.'W1oau1fan Il 
4,4' •DDn 
Bndosult•n Sulfate 
-l,t\'•DOT 
Rndr1n Aldehyde 
8ndrin ic:•t.ona 
Mathoxychlox
alpha-Chlordane 
SJ&tml&-Ch1ordane 
C!hl.ordane - Technical 
iroxa,phane 

SUz:reg•t;• st@lda:rd 
si - Deoachlorohiphenyl 
S2 • T■trachloro-m•xy1ene 

t 

~ 
T.~'R()'R1".TORY MANAGER 

Ntl ug/Kg 
ND ug/l<g 
ND ug/Kg 
ND ug/'Kg 
NI) ug/KJ(J 
ND ug/Kg 
ND U';J/Kg 
ND ug/Xg 
N.D ug/'Kg 
ND ug/Kg 
N? ug/Kg 
NJ u.g/Kg 
ND ug/Kg 
NO ug/Kg 
ND ug/Jtg 
NP ug/Kg 
NI) U!:f/Kg 
Nrl ug/I(g 
ND ug/Rs' 
ND ug/J{g 
Nt'I ug/Kg 
ND ug/Kg 

!:I Recovery 
84 
67 

ND - Not Detected 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
:LOO 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2,00 
2.00 
2.00 
2.00 
2.00 

~5.0 
35.0 

ll/23/S,8 

ac ~imits 
64 154 
H l.30 

8081A 
ll/24/99 RG 



FROM DEWIND DEL.W=ITERING INC PHO-IE NO. : 616 875 7334 Dec. 04 1998 12:21PM PB 

ENVIRONMENTAL TESnNG a CONSUL TING, INC. 
2924 Walnut Grovt1 lload • Me11phlll, TN 38111 .. (9()1)327-2750 

. ORGANIC ANALYSIS DATA SHEET 

Client Name DeW:L:nd Duw-at.ering 

7778 i16th St~eet 
t:toi1and, M~ 49,l~ 

Sit~ lD Seneca Army Depot 

Da~e. Arrived 11/i8/9B 
. E1'<;:: Order N\lml:>e.r 9811550 

BTC Lab ID 9811550-01 
Sample ID: TopsoD 

Project# 
FID # 

·•1 .. 

Matrix :SOIL 
Sample :Olllte : 11/17/98 

D~X0211' ~ l.>A'J:'B 
UStJL'l' 'mllJ:~9 Lmrl' U'l'RAC'rlm ANALYZ!a) •Y JIB'l'HOD 

PCB-1016 
PCB-1221 
PCB-1232 
PCB-124~ 
XJ(:$•1248 
ltCB•:1.254 
PCB-1260 

l!,U"'-'%'99'.•t• St:.apdard 
.. Decachlorobiphenyl 

~. - Tetrachloro-m-xylane 

l~O ==-.. 

ND ug/Kg 
ND ug/Kg 
N!:l ug/Kg 
ND ug/Kg 
ND 'Ug/Kg 
NO ug-/X.g 
ND ug/K!J 

it. Reaoye:c:y 
82 
G2 

ND - Not Detected 

11/23/98 11/24/98 RG 
35,0 
35.0 
3!LO 
3$.0 
35.0' 
35.0 
35.0 

QC Limit:.s 
17 1~1 
20 1:22 

8082. 



.l~/ V"i.l iJU .L.L. ""' .('11.A 'i:~U'-""vvv ...... 

FROM : DEW I ND De.M=lTffi l NG I NC Pl-ONE NO. : 616 875 7334 Dec. 04 1998 12:35PM Pi 

ENVIRONMENTAL TEffl'NG at CONSULTING, INC. 
2.!ll4 Wabnd Grove Road .. Mcmptm, 'IN 38111 - (JH}l)327-2?80 

INORGANIC ANALYSIS DATA SHEET 

client Name new~nd DtPt•t•ring 

7778 116th Streat. 
Kol.land, MI. 4941124 

Site ID Seneca Army Depot 

Date Arrived 11/18/98 
BTC Orde~ N~mber 9811550 

ETC Lab ID 9811550-01 
Sample ID: Topsoil 

'l'J:S'l' 

~~ 
ll UlllinUi'I\ 
Arsenic 
Bu.tum 
Beryllium 
calc:l.l,llll 
CA&nium 
er"·ut 

;uium 
,:apper 
J:ran 

M,r&'C~ 
Potaes um 
Magnesium 
~ane=ie 
Sodium 
Nickel. 
Lead 
Antimony 
selenium 
Thallium 
vanadium 
Zinc 

ETC Lab ID 9811550-02 
Sample ID: Sand 

HST 

Cyanide 
silver 
IUuminum 
.iu-aan:l.c 
.Barium 

:RESULT 

<:1.00 
<0.'700 

e,390 
<.!5. 00 
41.6 

0.332 
l,!i90 

<.0.400 
5.01 
!3,85 
8.09 

l.0,700 
0.042 

972 
1,790 

397 
53.5 
e.32 
J.5.0 

<3.:10 
<7.50 
.;;5. 00 

14 .2 
39 .6 

RBS"D'I.T 

<J..00 
<0.700 
~ t J.:30 
<5.00 

J.4.7 

tnn:TS 

mg/~ 
wq/~ 
n;ig/J(e 
mg/Kg 
mg/!Cg 
mg/Kg 
mg/Kg 
mg/Kg 
mil /Kg 
1'1'19'/'Kf; 
mg/ig 
me/~ 
mg/Kg 
mg-/J(g 
mg/Kg 
mg/~ 
mg/'Kg 
mg/Xg 
ms/Rg 
-aYJ/x.s 
mg/Rg 
mg/Kg 
mg/Kf;J 
mg/Kg 

lJNl:TS 

119/'I(JJ 
mg/Kg 
mg/'l<IJ 
mg/Kg 
mg/~ 

Project # 

Matrix :SOIL 
Sample Date : 11/17/98 

DBT:SCTIO!f TDm DATE 
t.IM:t'l' ANALYZED ANAL¥ZED BY 

1.00 Oi45 1.1/20/98 Gt) 

0.700 1028 1.1/:14/98 Tt> 
4.00 1028 1.l./24/98 'l'tl 
5.00 102e 11/24/98 TD 

0.200 1028 3.1/24./98 'l'D 
0.100 1.028 11/24/98 TD 
1.00 1028 l.l/24/H TD 

0.400 1028 11/24/518 TD 
0.700 l.028 11/24/98 'l'IJ 
0,700 J.0::!8 11./24./98 TD 
0.60.) 1028 ll./24/98 TD 
0.700 10::!S 11/24/98 ro 
0.020 J.30G 11/19/.98 RM 

.:.lO. 0 1028 l.l./2.4/98 TD 
).00 1028 l.l./24/518 TD 

0.200 10::ia 11/:24/.98 TD 
20.0 :1.026 l.l./24/.98 TD 
1. .so 1.028 11/24/518 'rD 
4.50 1.028 l.l./24/98 TD 
3. 20 l.0:28 11/24/98 'I'D 
?.so 102(' 11/~4/~a TD 
s.oo :t0.28 1:1./24/98 TD 

o.soo 102e 11/::.i4/Sli 'l'D 
1,00 J.028 11/24/Slli 'l'l:l 

Matri'.X' :SOIL 
Sample Dat.e : 11/17/98 

DE':t"2C'1'J:ON Tnll!I DATE 
L:00:T .lll{ALYZED ANALYZ:eDDY 

1.00 O84!i :Ll./:,30/98 GD 
Q.700 lO:!!8 l.l./24/$18 TD 
4.00 1028 11/24/98 TD 
5.00 1028 l.1/24/90 T0 

0.200 J.026 1.1/.24/911 TD 

M2TBOD 

901.0B 
GOlOB 
60108 
6010B 
(;010B 
6010B 
6010B 
601.0B 
6010!1 
6010:S 
60108 
Ei010B 
7°'7lll 
6010B 
6010B 
601O:e 
60l0il 
6010B 
6010B 
6'010B 
eOJ.OB 
6010:S 
6'O1OB 
o010B 

MBTBO?) 

51010'.S 
6010:B 
601.0B 
15010B 
6010B 



lU U4/ l:.lli 11: 55 FAX 4lJllUl:.ll:.l.:.: 

FROM: DEWIND. DEWATERING INC Pl-o-E NO. : 616 875 7334 

141,Jll 

Dec. 04 1998 12:35PM F'2 

. ENVIRONMENTAL TESTING a CONSULTING INC. 
2~ Waluut. Gron ]load - Memphis. TN 38111 - (90l)3Z7-27lo 

INORGANIC ANALYSIS DATA SHEET 

Client Name D•W:La.d. Dawatering 

777B 116th Str••t 
R01l&ndr KX 49424 

Site ID Seneoa Army Depot 

Date Arrived 11/1.8/98 
ETC O:rder Number 9811550 
ETC ~ab ID 9811550--02 
Sample ID: Sand 

Project# 

Matrix :SOIL 
Sample Date : 11/17/98 

D•'1'BCT:ION TDm DATE 
TSS'l' US'tl'L'l' . um:;'tS LXMl: '1' 1'.NALYZBD ANALYZED BY 

Beryl.lium O.l.!4 {W3/~ 0.100 J.0~8 11/2,/99 TD 
C&lciW?l 8Ei,700 mg/.Kg 1.00 1028 ll/:U/518 TI) 

cadmium c-.0.4.00 mg~Kg o.,oo 1028 l.l./:24/98 TD 
Col:Hl.lt ,.,57 mgJ.Ce" 0.700 :i.o~a 11/24/98 '1'!J 
Cbromium ~.88 mg/'1:g 0.700 1028 11/24/98 Tl:) 

copper l.2.3 wel'I<IJ 0.600 1028 l.l./:14/98 TD 
Iron 6,980 n-g/xg 0.700 1028 11./24/98 TD 
Me~c:uey <fJ.020 mg/Kg 0.020 1306 11/J.Sl/98 RM 

. pctuisium 711 mg/Kg 20.0 1028 11/24/98 TD 
y ~Qium. 35,SOO mg/Kg 3.00 1028 11/24./98 TD 
; ;-.nese Jll TftfJIK.t;] o.aoo 1028 U/~4/98 TD 
Sodium 1.07 mg/'1(/J ;ao. o J.02··l 11/24/98 TD 
Nl,Qkel. 6,Gl mg/Kg 1.50 1028 J...l-/'-4/ 9S TD 
Lead 6,6fj' tr"d/'$1.J "!.SO 1028 U/24/SS TO 
Mtimcny c::3.20 mg/Kg '.L20 l.028 li/:24/98 TO 
Sel~\ml. 8,45 mg/leg 7.50 1028 1.l,/:2•/99 TD 
Thall. iUl'I\ <5.00 mg/~g 5,00 1028 l.J./24/98 TD 
vanadium 6, 4.6 mg/1(.g o .• 800 1.02.8 l'J./ .. 4/$a8 'I'D 
Zinc 38,3 mg/Kg 1,00 1028 11/24/.!IS '1'[) 

JIB'r.EIOD 

6010B 
6010B · 
60108 
60l.0B 
G010B 
6010B 
601.O:S 
7471A 
6010B 
6010B 
6010B 
60101:1 
6010.B 
60109 
GOl.OB 
60l.OB 
6010B 
6010.8 
60:1.0B 



FROM DBJIND DEWATERING INC PHl'-E NO. : 616 875 7334 Dec. 04 1998 12:13PM PS 

ENVIRONMENTAL TESTING et CONSULTING INC. 
2924 Wahlut Grove Road· Mflffiphb, TN 38111 · (901)327-2710 

ORGANIC ANALYSis DATA SHEET 

Client Name DeWind Dewatering 

7778 116th Street 
Holland. MI 69424 

Site ID Seneca Army Depot 

I)ate Arrived 11/18/98 
ETC Order Number 9811550 

ETC Lab ID 9811.550-02 
Sample ID: Sand 

'Z'U'f USUL'l' tmrl'S 

Project# 
FID # 

Matrix : SOIL 
Sampl.e Date : 11/17/98 

z,rrsc-rzcm DAn J)Aff 
Lmff JUC'l'llC'l'BD ANALftztl BY DTIIOD 

at:/HS Volatile Org~nias 8160B 

Nt> ug/KG 
ND ug/X(.(J 
ND \1g/I<G 
ND ug/KIJ 
ND ug/XG 
NO UJ'J/'U3 
ND ug/m 
N1' ug/KG 
ND ug/'1,.G, 
ND ug/KG
ND ug/JIJ 
Ntl \lg/KG 
ND ug/KG 
ND ug/XG 
ND ug/KG 
ND u51/KG 
ND ug/t<G 
ND ug/KG 
ND ug/XG 
m.i ug-/m 
ND 1.19'/K£z 
ND ug/"¥,13 
NO ug/K(J, 
ND ug/m 
ND ug/KG 
Ntl \lg/KG 
ND ug/KG 
ND ug/KG 
ND ug/KG 
NP ug/Ka 
mi us,/KG 
ND U!;J/XD 
ND ug/J:JJ 
NO ug/Kt; 
'N!> ug/lCG 
lffi ugtm 
NI) ug/11:G 
ND ue/m 
ND WJ/KG 
NP U!i/KG 
NIJ ug/lilJ 
NO ug/~G 
m;, ug-/~ 

ND - Not ne~~eted 

20.0 
20.0 
.o.o 
:10.0 

1..00 
1.00 
1.00 
1.00 
1.00 
1.00 
l..00 
1.00 
;1...00 
1.00 
•. oo 
l,00 
1.00 
1.00 

~o.o 
1.00 
1.00 
l.,00 
1.00 
1.00 
1.00 
l.00 
1.00 
1,00 
;i..00 
i.oo 
l.. 0 0 
1.00 
1.00 
1.00 
1.00 
l., 00 
1.00 
l..00 
.l. 00 
J.,00 
1..0Q 

20.0 
l..00 

1.1./19/98 LS 



FROM IEWIND DEWATERINCi INC: ADE NO. : 616 875 7334 
lf1d lo 

Dec. 04,1998 12:17PM P1 

ENVIRONMENTAL TESTING at CONSULTING, INC. 
2m Walmit Gro,e ltoad - Memphis, TN 38111 • (901)327-2750 

ORGANIC ANALYSIS DATA SBE'.ET 

Client Name newind Dewate:r:l.ng 

7778 116th Street 
Holland, Ml: 49424 

Site ID Seneca Arll\Y Depot 

Date Arrived 11./18/98 
E'l"C Order Numbe:r . 9811550 

Project #· 
FID # 

Matrix !SOIL ETC Lab IO 9811550-02 
Sample ID: Sand Sample Date : 11/17/98 

'l'SST 

CC/MS Volatile O,:ganice 

aexaoh1orol,u~adiene 
2-aexanone (MBK) 
1&e1propylbenzena 
4•Iaop:ropylto1uene 
Methy1ana Chloride 
Methyl Ethyl J:.eto:1'1.e 
4-Kclthyl-2•p~tanone {M!BK) 
Met.hyl-tartbutyi-Ether 
Naphthalene 

91:0pylb•nzene 
,trene 

1,1,1,2-Tetr•e.b.loroethane 
1,1,2,2-Tetrac})..l.Qroetha:ne 
Tatra~llJ.o~oethene 
Tolu1m.• 
1,2,J-'I':richl.orobenzene 
1,2,4-Triahlo~&tJ..Zene 
~.1 1 1-Tl:'iohloroethane 
1,1,2-Triohl.oroethane 
Triehl.oroethene 
'l'riohJ.oro£1uorometh.ana 
1,2,J-T-ricltloropropane 
~.2,4-'l'rimethylbenzene 
1,3,S-Trimethylbe.nzene 
Vinyl Acet.a.te 
Vinyl Chloride 
XyJ..enes (Total.) 

surrogate standard 
Si - Dib~c,moflucromethane 
B2 - Toluene-dB 
S3 - 4-Br01r1cfluorobensene 

D:n'JECl':tOH l)A'J:'Z DATE 
JmfiUI&T Wl'.TS 1,3:laT ~(!Tl!J) AIQI,YZSO BY 

11/19/9B LS 
m, ug/M 1.00 
ND u,;,r/'Iffi s.oo 
NO ug/K.G 1.00 
ND ug/m :i..oo 
ND ur;s/m 1.0. 0 
ND ug/-m 20.0 
ND Ui'/'KB ~o.o 
ND u.g/m 1.00 
ND u~/m 1.00 
ND ug/KG 1..00 
ND ug/KG 1.00 
ND u.g/m 1.00 
NO ug/'r/J 1.00 
ND us/KG 1,00 
ND ug/m J...00 
Nt> ug/KG 1.00 
ND ug/m 1.00 
ND ug/lCG 1.00 
ND ug/KG 1.00 
ND ug/"1-Q 1.00 
ND u~/:KG l.00 
ND ug/KQ 1.00 
ND ug/KG 1.00 
ND ug/KG 1.00 
ND ug/'K!J 20.0 
ND ug/KG 1.00 
ND \\9/K~ 1.00 

' Recovery oc Limit■ 
J.03 70 134 
101 es 111 
l.O! 81 117 

ND - Not Detected 

JGTROD 

8260B 



UJ. tL.l\UL-tJULlJJ.J.UJ., 
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FROM: DEWIND DEWATERING INC P!-0-JE t-o. : 616 875 7334 Dec. 04 1998 12:19PM P4 

ENVIRONMENTAL TEmNG a CONSULTINCi, INC. 
2924 Wabmt ~Road-Memphis. TN 38111 • (901)3l'1-2750 

ORGANIC ANALYSIS DATA SHEET 

Client N&me DeWind Dcnr,atering 

7778 115th Street 
Holland, M~ 4i424 

Site l'.D Seneca Army n~pot 

Date Arrived 11/18/98 
B'1'C Order Number 9811550 

Project# 
FID # 

Ma.trix :SOIL · ETC Lab IO 9811550-02 
Sample ID: Sa~ Sample Date 111/17/98 

ns-r 
GC/MS B&GQ/Neutral ~ AOid. 

Atl~phthcme 
Acen.aphthylene 
Zmiline 
M~acene 
Dendcline 
Jiensoic A.did 
Eenao(a)antl:l.racene 
:&ensQ(b)£1uoranthena 
Denzo(~)~luoranthen.~ 
!lauzo(g,h,i)perylene 

n,zo (a) pyr&n@ 

· -4nZY1 Alcohol 
~is(2-c:hlort:'la~hyl)ethe% 
'Si.& (2.•c!l,lo:i:oeehoxy) methane 
•ai•(~-chloroieo~ropy1)ether 
~is(2-ethyl..ruaxyl} phthalate 
4 .. Bromophl!I1y1 phenyl ether 
~utyl ben~l phthalate 
O&rbiizole 
4•rnil.oroaniline 
4-Cb.l.ora-3-mathylpbenol 
2-Chloronaphthaloane 
2-0ilorophenol 
4-Chlorophenyl phenyl ethe~ 
C'ht:yA;Jane. 
:Dibenzo(a,h)anthracene 
ni.be.nzofuran 
Oi•n•bU.tyl phthalate 
1,~-nichl.orobenze.a.e 
l,l•DiQhl.orobenzene 
1,4-Dic::hlorobanzene 
3,3•.ni~h1oroben~idine 
2,4•DiobloropbeAOl 
Diethyl phth.ill~te 
2,4-Dimathy;~nol 
~imethyl ph 1ata 
4,,•0initro-2-methylph.enol 
2,,-Dinitrophe.nol 
2,4-0initrotoluQXl.e 
2,6-~initroto1uene 
ni-n-o~tyl phthalate 
l,~•~iphenylhyclrazine 
Pluorantb.ene 

tlB'l'BC'rl:ON DATIi: CATE 
1UU'0'tr'r tllf:CTS L:tla'J." ZX'l'RAC"l'EC ANALY%.BD BY 

ll./24 /9.8 11/24/98 CB 
mi WJ/Kg 167 
ND ug/Xg 167 
NtJ ug/~ 167 
ND ug/Kg 167 
ND us/K.a 667 
ND us/'f:l;J 1670 
;ND U!iJ/Kg 167 
ND ug/K.g 1Ei7 
m) Ug/'t!J 167 
NP ug/Kg 167 
ND ug/Kg 167 
ND ug/1!:sJ 167 
ND ug/~ 167 
ND ug/Kg 167 
ND ug/Kg 167 
ND Ug/J.g 16'7 
ND ug/Xg 1Ei7 
ND ug/xg 167 
ND ug/Kg 3'33 
ND uq/Xg 167 
ND ug/itg 167 
ND ug/Kg 167 
ND ug/I(g 167 
ND ug/Kg 167 
NO ug/Kg 167 
Nr> ug/Kg lfi? 
ND ug/h.J 1Ei7 
ND ug/Jeg 157 
ND ug/Kg- 1S7 
ND ug/Kg 167 
ND ug/Kg 167 
ND ug:/Kg 167 
ND ug/Kg 167 
ND u.g/Kg 167 
ND ug/Kg :l.67 
ND ug/Kg l6'7 
Nn ug/KJJ Jll 
ND ug/Kg f70 
ND ug/Kg 16'7 
ND ug/Kg l.~7 
ND ug/Kg 16'7 
ND ug/v.,g l.6, 
ND ug/Kg 167 

ND - Not Detect•~ 

UTHOD 

8270C 



4!,J.lJ 

FROM DEWIND DEL.b=ITERING INC PHJNE ND. : 616 875 7334 Dec. 04 1998 12:19PM P5 

ENVIRONMENTAL TESTING a CONSULTING, INC. 
. 2924 Walnut Grove Road• Manpbls• TN 38111 - (901)327-2750 

ORGANIC ANALYSlS DATA SBE'.ET 

Client Name DeWind Dewatering 

7?78 116th Street 
Eo11a:nd, MI 49424 

Site IO Seneca Army Oepot 

Date Arrived 11/18/98 
ETC or'de:r Number 9811550 

Matrix :SOIL ETC Lab ID 981155<Hn 
Sample ID: Sand sample Date : 11/17/98 

Ge/'HS Baee/~~utral & Aoid 

Fluorene 
Be.xaohlorcbenzene 
Hexa.ahl.orobutad.iene 
Ke.x&ohloroeyciopentadi$1'le 
llexachloroethane 
!ndeno(1,2,3-cd)pYrana 
uoph.orcce 
~-lllet.hylnap~tha1Ane 
2-Methyl.phenol 
.. -Methylpbanol 

Me.thY,lpheno l. 
..... aphtha.lene 
:lffNitroanil.ine 
3-:N:Lt.roaniline 
4-Nit.ro;m:l.1:i.ne 
Ni t,rr:ibenzene 
~-Ni trophenol 
-'•Nit%'ophenol 
N-Nitr~aodimethylamine 

· N'-Ni tr0e1odiphenylamine 
N•Nitroso-di-n-propylamine 
Pentaohlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Pyridine 
i,2,4-Trioh1orobenzene 
2,4,!-Trichlorphe~ol 

.2,4,6-Trieh:Lorophanol 

Sµp::oqa i:. e S t.v, d n .,.d 
Sl • Nitrobenzene-ds 
S2 - ,-VlUQrobiphanyl 
SJ - 4-Terphm:i.yl•d14 
84 - Phenol•d.6 
SS - 2,4,6-Tri.bromophenol 
B6 - 2-PluoroJ;)he.nol 

'Rll'Ol,"r ffllJJ:TS 

NO ug/1<.g 
ND ug/Xe 
N0 ug/Kg 
ND ug/1:g 
NII ug/Kg 
NI) ug/KS 
ND ug/Kg 
NO ug/Kg 
ND W,J/~ 
ND ug/Kg 
N'.O UfJ~Xg 
ND 'U9 Rs 
NP usr/Kg 
ND ug/11:g 
NO ug/!(J;J 
NO ug/~ 
ND ug/Xg 
ND ug/Kg 
NO ug/Xg 
ND ug/Kg 
NO ug/'ID;J 
ND ug/kg 
ND ug/"KIJ 
ND ug/Kg 
NrJ ug-/Kg 
ND ug/Kg 
ND i.ig/K.g 
ND ug/Xg 
ND ug/Kg 

t R.9pQYBJiY 
29 
3~ 
40 
:2S 
32 
29 

S)BTZC'J:'?OK DATIi: DA'r'E 
LDIJ:'1' JIX'm.ACl'Jm ARA!.YZJm 5Y 

l.l./24/Sl8 11./24/98 CB 
167 
l.G7 
:167 
167 
:167 
16'"7 
167 
167 
l!S'7 
l.6"7 
167 
l.67 
167 
167 
167 
167 
167 
1.67 
167 
16'7 
167 
333 
1.67 
167 
167 
167 
167 
167 
H,7 

oc Lim;l,t@ 
25 110 
33 l.J.4 
37 115 
11 1:2S 

Sl 'l.3Q 
J.0 11.9 

JOT.BOD 

8270C 
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FROM DS.J!ND .DEWATER!NG INC PHONE NO. : 616 875 7334 Dec. 04 1998 12:20PM P7 

ENVIRONMENTAL TESTING a CONSULTING, INC. 
. 2924 Walllllt Gr-ot-e Raad -M,mpbl$, TN 38111 - (901)327-27.50 

ORGANIC ANALYSISl>ATA SHEET 

Cliextt Name DeWind Dewateri:a.g 

7778 116th Street 
Hol1aiu!, MI 49t2• 

Site ID Seneca Army Depot 

Date.Arrived 11/18/98 
ETC Order Nutllber 9811550 

'STC Lab ID 981~1 
. Sample ID: Sand 

Project:# 
FID # 

Matrix :SOIL 
sample Date : 11/17/98 

DKTKC'?:Xc»I D.Lft DAH 
Rll:Stn.'1" lDlrrS Ll:KJ:'t' 11:rl'RACTJU> AlQ.LYnt> BY llll'r!lOJ) 

TCL Pe.sticidea 

Al-ph&-UC 
BetA-lmC 
J:)e1t••mtC . 
Gamsna-9~C (~indanel 
.Heptachlor 
Aldrin 
H.eptaoh1or BpoJtide 
End.l:a■ulfan I 
D:l,.el.d.rin 
A • 4' -tiDJil 

d.rin ' 
....adosulfan n 
4, ,t.•-·t,ipt) 
.B'ndosu:l.fan Sulfate 
4,4 1 •llDT 
Rndr:L:!. JUdehyde 
Jlndrin Ket,on4 
M•thoxychlor 
a.lpha-Chl.ord.ane 
SUIM.-Chl.O:rda:D.• 
~ordane - Teohnioal 
Toxnphene 

~rrogate standard 
Sl - Oeaaablorol::li~hanyl 
S2 - Tetrachlorc-m-xylen~ 

ND 
ND 
ND 
Nt> 
ND 
ND 
ND 
NP 
ND 
Nr} 

ND 
ND 
ND 
ND 
l\1D 
ND 
Nrl 
ND 
ND 
ND 
ND 
ND 

v.g/[(g 
ug/Kg 
ug/1J:.g 
ug/Kg 
ug~Xs 
~l'R'.9 ug 1tg 
UfJ/Kg 
~/Kg' 
ug/Kg 
ug/EJ;J 
u<3/Kg 
ug/K~ 
ug/Kg 
UQ/'Kl3 
ug/Xg 
ug/Kg 
ug/X9 
u.g/Xg 
utJ/Xq 
ug/1".g 
ug/~ 

, Recove:c::v: 
87 
65 

ND - Not Detected 

2.00 
2.00 
:LOO 
•. oo 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2,00 
2.00 
2.00 
2.00 
2.00 
2,00 
2,00 
2.00 

25,0 
35.0 

oc Limits 
fi4 154 
39 130 

8081A 
ll/24/98 



L/.L l,L.....L\.U.L.., UVJ.J\..>.L.LV•I 

FROM DEWIND D~TERING INC PHONE NO. : 616 875 7334 Dec. 04 1998 12:21PM pg 

ENVIRONMENTAL TESTING 8t CONSULTING INC. 
- 2924 Walnut Gron Road - Manphfl. TN 38111 • (901)321-27,0 

ORGANIC ANALYSIS DATA SHEE''.r 

Client Name new:lnd. n•waterins 

7778 116th Street 
Bo11and., Ml 49424 

Site ID Seneca Army Oe~ot 

Date Arrived ll./18/98 
ETC orde~ Number 9811550 

Projedt # 
FID # 

Matrix : sort.. BTC Lab J:D 9811550--02 
Sample ID: Sand Sample Dat.e : 11/17/98 

DS'l" 

TCL PCBS 

PCll-l.0l.6 
PCB-:1.221 
PCB•l.232 
l'O-l.242 
PCB-1248 
PCB•l.254 
J:!ICB-12GO 

1urroqate Standard 
~ - :D$~aohlorobiphenyl 
l • T•t~achloro-m-xyJ.ene 

l)B't'Bf!T:C011 OA'l'lll DA'l'E 
Jll!IStJ'l'.i'l' fflf:C't'SI LilllT Krl"RACTEII AN)..LY'ZEl) BY 

:i.:L/2J/Si18 l.l./:24/98 RG 
ND "'9/1,(g .35, 0 
ND ug/Kg 35.0 
ND ug/Kg JS,O 
ND ug/Kg 35,0 
ND ug/JCg 3.!LO 
NI> 1.19/Kg- 3.$. 0 
ND l.l.g/Kg 35.0 

\ R9aovery oc Limits 
87 l7 HJ. 
62 20 12:Z 

NO - Not Deteoted 

KrnlOD 

8082 
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849 P07 NOV 09 '98 16:56 

. •· . 
'i ' 

{. 

Natural Sand 
B. R. DeWitt, Inc., Phelps, NY 

S:tll:n AHUa"fS:tS 

May 20, 1gga 
Repoxt no. 201.435 
Page 10 

um c-33 
8~ Si.■e S•!P}•t ~~ 9-•HMJ 

100 

8ffta¼C:i.oat.ian Jo/" B 
3/8" 
t4 
ta 
il6 
f:30 
150 
#100 

:It :Z.oo 
Fineness Modulus 

·Specific Gravity (sad): 
. Absorption, Percent: 

Unit Weight (~S'J.'M C29): 

100 
88.0 
69.8 
36.4 
10.4 

3.3 

2.92 
2.682 
l.57 

105.5 lb/c.f 

DSLBpt;OtJS SUBSDMCBS 

Material finer than i200 
sieve (ASTM C-117) 

Clay lumps and fri@le 
particles (ASTM C-142) 

Coal and Lignite (ASTM C-123} 

Organic iltlpurities (AS™ C-40) 

appl.• 

1.71% 

0.20% 

o.o, 
Lighter th.an 
standard 

*•• - Concrete subject to ab:aaion is 3% ma~im1,,l(O.. 

100 
95-100 
80-100 
50-85 
25-60 
10-30 
2-10 

2.3 - 3,1 

UBI C-33 
Speaiei~Uon 

5 .0% Max.•** 

3.0% tnaJt. 

Lighter than 
st.andard 

•••w - When the eurface appearance of concrete is of importance 
- 0.5% maximum. 

/t:)D 
/OD 

e,_s;-,_s-
,... ·;? ~, 
- _,,t '-"' 
11. <., 
/2, ~ 
,S-,/ 

I I "i 
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.l.l./ JV/ ,OU ,J.., • 1,,,,u A •••t.. "'1.MV'-,MVVVI..,_. 

P.RC>JfCT NAME 

Sample Id. 

Remolded 

Note 

I.Math (cm.): 11.66 

Diameter (rm.): 10.16 

Area <rt2>: ..0,0$73 

_..11.11.NG HEAD PERMEABJLITY TESTING 

: seneca Army Depot PROJECT NUMBEll i 98-o07 

: Dcwlnd Dewat.ering Inc. llATE : Nov~ber 25, 1998 

SAMPLE LOCA]IQ'N AND CQNllfflONs 

Conu,osite of Concrete Sand <52$ by yplume) & Cast Iron Agp:ega.tt: Si:7.e ETI 8/50 (4;8% by volume) 

Unit weight dctcrmlnations were made for each material in accordance with ASTM C29 by the &hoveling 
method. The composite samp~ wais also remolded following the shoveling tni:':thod procedures. A copy of 
ASTM C29 is ~ with !his report. The concrete sand. unit weight deumnmation was 72 pcf and the cast 
iron aggregate was 123 pcf. 

INITIAL SPECIMEN PJWPEBTIES 

VoJume (tt3)! 

Welaht (lbs): 

Moisture(%): 

. 0.0333 

3.22 

w ~ Density (PCF): 

Dry Dciwty {PCF): 

PERMEABILffi cALCULATCONS 

96.6 

tu 

k .,, Hydraulic Ccmductivicy, (cm/sec) k: a ....aL.._ * ln b.!, 

a = Cross.-&cc:tion.al area. of burctte, (cm2
) 

A = Cross-sc:ctional area of specimen, (cm2
) 

h1 .,. HydfauJic h~d across 1mtple at beginning of test, (cm) 

h1 = Hydraulic head ~cro.ss sample at end of ttm, (cm) 

L = Length of &pecimen, (Clll.) 

~ = Elasped time of ccst, (&ec) 

lo.,::, Logai:ithm to base 

At h1 

le= ill,3167}(l1.~ "'In~ 
(81.07)(6) 36.6 

k ._ 3 69 ,. 0.9695 
486.42 

k = 0.0076 * 0.9695 

k'"" 7.4 X 10·3 i::tn/&ec 
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l I~ tNVlKUNIHL LHb I I UL 

lA EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

ASHl 
Lab Name: SEVERN TRENT LABORATORIES Contract: 98035 

Lab Code: INCHVT Case No. : 98035 

Matrix: (soil/water) SOIL 

Sample wt/vol: 

Level: (low/med) 

3.0 (g/mL) G 

LOW 

% Moisture: not dee. 11 

GC Column: DB-624 ID: 0. 53 (mn) 

SAS No.: SOO No.: 71813 

Lab Sample ID: 373788 

Lab File ID: O373788DV 

Date Received: 12/11/98 

Date Analyzed: 12/11/98 

Dilution Factor: 1.0 

Soil Extract Volume: ____ (uL) Soil Aliquot Volume: -~--(uL) 

CONCENTRATION UNITS: 
CAS NO. COM:POl.lND (ug/L or ug/Kg) UG/KG Q 

74-87-3---------0iloromethane 19 u 
74-83-9---------Brornoirethane 19 u 
75-01-4---------Vinyl Chloride 19 u 
75-00-3---------Chloroethane 19 u 
75-09-2---------Methylene Chloride 19 u 
67-64-1---------Acetone 19 u 
75-15-0---------Carbon Disulfide 19 u 
75-35-4---------1,1-Dichloroethene 19 u 
75-34-3---------1,1-DichJ.oroethane 19 u 
540-59-0--------1,2-Dichloroethene {total) 2 J 
67-66-3---------Chlorofonn - 19 u 
107-06-2--------1,2-Dichloroethane 19 u 
78-93-3---------2~Butanone 19 u 
71-55-6---------1,1,1-Trichloroethane 19 u 
56-23-5---------Carbon Tetrachloride 19 u 
75-27-4-------~-Bromodichloromethane 19 u 
78-87-5---------1,2-Diohloropropane 1 SI u 
10061-01-S--~---cis-1 1 3-Diohloropropene 19 u 
79-01-6---------Trichloroethene 160 
124-48-1--------Dibrcxrochlororneth.ane 19 u 
79-00-5---------1,1,2-Trichloroethane 19 u 
71-43-2---------Benzene 19 u 
10061-02-6------trans-1,3-Dichloropropene 19 u 
75-25-2---------Bromoform -- 19 u 
108-10-1--------4-Methyl-2-Pentanone 19 u 
591-78-6--------2-Hexanone 19 V 
127-18-4--------Tetrachloroethene 19 u 
79-34-5---------1,1,2,2-Tetrachloroethane 19 u 
108-88-3--------Toluene ~ 4 J' 
108-90-7--------Chloroben~ene 19 u 
100-41-4~-------Ethylbenzene 19 u 
100-42-5--------Styrene l9 u 
1330-20-7-------Xylene (total) 19 u 

FORM I VOA OLM03.D 



l'IHK-c:1-uu IUC UJ•UJ, 111 

1A EPA SAMPLE NO. 
VOLATILE ORGANICS A:NALYSIS DATA SHEET 

ASH2 
Lab Name; SEVERN 'I'R.ENT IABORA'I'ORIES Contract: 98035 

Lab Code: INCHVT Case No.: 98035 

Matrix: (soil/water) SOIL 

Sample wt/vol: 

Level: (low/med) 

5.0 (g/mL) G 

I.OW 

% Moisture! not dee. 12 

GC Column: DB-624 ID: 0.53 (:mm) 

SAS No.: SDG No.: 71878 

Lab Sample ID: 374267 

Lab File ID: 0374267V 

Date Received: 12/15/98 

Date Analyzed: 12/il/98 

Dilution Factor: 1.0 

Soil Extract Volume: (uL) ---- Soil Aliquot. Volume: ____ (UL) 

CONCENTRATION UNITS: 
CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

74-87-3---------Chloromethane 11 u 
74-83-9---------Brornomethane 11 u 
75-0i-4---------Vinyl Chloride 11 u 
75-00-3---------Chloroetbane 11 u 
75-09-2---------Methylene Chloride 11 u 
67-64-1---------Acetone 6 JB 
75-15-0---------carbon Disulfide 1.1 u 
75-35-4---------1,l-Dichloroethene J.l. u 
75-34-3---------1,l-Dichloroethane 11 tJ 
540-59-0--------1,2-Dichloroethene (total)_ 20 
67-66-3---------Chlorofonn 11 u 
107-06-2--------1,2-Dichloroethane l.l. u 
?8~93-3---------2-Butanone 11 u 
71-55-6---------1,1,1-Trichloroethane 11 ·u 
56-23-5--------~Ca.rbon Tetra.ci1.loride J..1 u 
7S-27-4---------Bromodichloramethane 11. u 
78-87-5---------1,2-Dichl.oropropane 11 u 
10061-0l-5------cis-l,3-Dichloropropene 11 u 
?9~01-6~---~~---Trichloroethene 3 J 
124-48-1--~-----Dibromochloromethane 11 u 
79-00-5---------1,1,2-'I'richlo~oetha:ne 11 u 
?1-43-2---------Benzene 11 lJ 
1.0061-02-6------trazis-1,3-Dichloropropene __ 11. tr 
75-25-2---------Bromofonn 11 u 
108-10-1----~---4-Methyl-2-Pentanone 11. u 
591-78-6--------2-Hexanone 11 u 
127-18-4--------Tetrachloroethene 11 u 
79-34-5---------1,1,2,2-Tetrachloroethane_ 11 u 
108-88-3--------Toluene 2 J 
108-90-7--------Chlorobenzene 11 u 
100-41-4--------Ethylbenzene 11 u 
100-42-5--------Styrene~- 11 u 
1-330-20- 7- - - - - - -Xylene (total) 11 u 

FORM I VOA OLM03.0 

0090 



1E EPA SAMPLE NO, 
VOLATILE ORGANICS ANALYSIS DATA SBEEI1 

TENTATIVELY IDENTIFIED COMPOUNDS 
ASH2 

Lab Narnei SEVERN TRENT LABORATORIES Contract: 98035 

Lab Code: INCl-N"l' Case No.; 98035 SAS No.: 

Matrix: (soil/water) SOIL 

Sample wt/vol: 

Level: (low/med) 

5.0 (g/mL) G 

LOW 

% Moisture: not dee. 12 

GC Column: DB-624 ID : O • 5 3 (mm) 

Soil Extract Volume: (uL) 

Sr:G No.: 71878 

Lab Sample ID: 374267 

Lab File ID: 0374267V 

Date Received: 12/15/98 

Date Analyzed: 12/21/98 

Dilution Factor: 1.0 

---- Soil Aliquot Volume: ---- (uL) 

Number TICS found: 1 
CONCENTRATION UNITS: 
(ug/L or ug/Kg) ug/Kg 

CAS Nl'.JMBER CCl"'.II?OtJND ],\TAME RT EST, CONC. 
-~=;-~~~=======~ ~======~~~~~=~~~~~~~~~=~~~~= -------- ~~!:.!!.!:!!~:::=.~=!:.!::.==== 

1, UNKNOWN SlLOXANE DERIVATIVE 1.4.37 15 
2. 
3. 
-a. 
5, ' 

6. 
7, 
8. 
9. 

l.O. 
11. 
12. 
13. 
14, 
15. 
16. 
17, 
18. 
19. 
:20. 
.21. 
22. 
23. 
24. 
25. 
26. 
27 _ 
28. 
29. 
30. 

FORM I VOA-TIC 

Q 
===== 
J 

--

---· -~-

OLM03.0 

0091 





DEC-09-'98 WED 15:29 ID:PEERLESS METALS 

Peerless Metal Powders & Abrasive 

124 South Military• O~trolt, Michigan 48209 
(313) 841-5400 Fax (313) 841-0240 

TEL N0:313 841 0240 

FAX TRANSMITTAL 

tt606 P01 

We are transmitting a total of cJ.---,· pages Including this cover sheet .. Please 
contact sender If you do not receive all of the pages. 

PLEASE DELIVER THE FOLLOWING PAGES TO: 

NAME 

COMPANY -~~~~~~.22:.::::::::~~~~~E::::!.~~:::::::::1!.~ 

FAX# '7r:g / -<-{Cl -c20<.f.__3 PHONE# _ __;;;.~------4--

FROMc;?l ~(J_) ~ 
REMARKS: 

..... 



DEC-09-'98 WED 15:29 ID:PEERLESS METALS TEL NO:313 841 0240 ft606 P02 

Source Company Namt ___ 'P.,.a_r_a_o_n_s.,...E_n...ag.._i.,...n_e_e_ri_n_.g-. __ 
Seneca Army Depot 

Source Cliy ___ R_o_m_u_l_u_s_,_NY ______ _ 

Date Shipment Rec'd _____________ _ 

Sample Rec'd 
________ .....,......,... _____ _ 

Date of Teat 11/30/98 - 12/2/98 
Laib Report By Joe G. ---------------S. h• sme n ____ ___, ________ _ 

P. 0. # 726209-0000006 Releas2s Ill - II 10 
(5 Minute Rotap) % PASSING ACCUMULATIVE 

r ---.. ... 

Sand Grams ---------
Sand % _______ _ 

Oil-None Alot__Jlloht _ ----60 Plastic Vial Wt 
D No oxidt in any liH 

Oxide in ___ (11111 
To be sent to wheel -----
f ~ . 

Load #1 Load 115' Lo~d 119 
Sieve Size Grams ~ Grams "' Gram, % Grams % Grams " Grima 

4 100 100 100 
(Spec 0 ) 

8 
. ' 98 98 99 

(Spec 95 - 100) . 

.. 
16 89 87 BO 

(Spec 75 - 90) 
. ,. 

30 39 46.~ 32 
(Spec 30 - 50) . 

50 5 6 . 4 
(Spec 2 - 10) 

100 1.5 1. :J 1. ) 
(Spec O - 5) 

• 

. 

. 

,\ 

·····--~.,-. __ _ 

"' 

-~ 
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Density of Sand: 

Date 

WlC-plGIM.\- '"''- •• .oc: 

/2-//-Cj,_ 

lf)-11-t:Jg 
C. tr\(.- 1>-c.oo\~ 

MC- plO!Mt 

MC.- P.((:,olk-

. 
t,il,(,..fla.nt h-10...aP-. 

{Yl c-- PWolk 

Time 

--------
Load No. 

I 
2. 
.3 
4 
5 
~ 
7 
?; 

9 
10 ,. , 
1.2. 
J.3 
UJ. 
/5" 
~/ ,~ 
/If 

19 
~./J 

II 
II . 

I 
2. 
.3 
_4 
.f" 
I,, 

+ 
}3 

q 
/{) 

Mj Volume 

.X -C t1c:) t 5o.m>f 1'.d 
- = do i"lOt k.now Twd: -# 

~ID Description Mixing Tims Wt. of Iron 
Truct {bags of iron, qty of sand) minutes g 

SI- .?h2ru, I u,, m,.:i I Yr>, C 
". r 
X 
:I( 

J/-1" 
t:JI 
C,J 

/If.., 
l.:rf i.l'> hl/rf. 

X " -._, I 

Cif 

II~ .5~,e,/ 
/;J.~ I 

//7 -· ~-
9'/ 

'.)( 

X 
X ' 

sr 
Bl s bCtb,0/ 
/2-::r 
ii+ 
/I& 
ll"IP. 

°12":1---
/,27--

Page1 

Sampl& _ ~- :Sd,ac,ftf 

TofalWt Vol. of Iron Total Volume 
a 
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.:!cember 11 , 1998 

Lab l.D, # 

11628 

L-98219 
Laboratory Testing 
Senec_a Army Depot 

Ash Landfill Treatability Study 

NATURAL MOISTURE CONTENT 
ASTM D2216 

Sample 

Sand Truck #127 
l,oad # 8 
12/10/98 

14:45 

Moisture Content as a 
Percent of Dry Weight 

5.4 



December 15, 1998 

Lab I.D. # 

11629 

11630 

98219.WPS 

L-98219 
Laboratory Testing 
Seneca Army Depot 

Ash Landfill Treatability Study 

NATURAL MOISTURE CONTENT 
ASTM D2216 

Sample 

Truck #91 
Load 12 

Truck #85 
Load 20 

Moisture Content as a 
Percent of Dry Weight 

4.5 

4.9 

pa,,att 
WOlffnc 
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AppendixB 
Well Diagrams, Slug Test Results, Hydraulic Conductivity Results, 

and Selected Boring Logs 

• Monitoring well completion reports for MWT-1 through MWT-11, March 1999 
• Hydraulic Conductivity results of aquifer wells installed for groundwater treatability 

study, May 1999 
• Rising head slug test results of aquifer wells installed for groundwater treatability 

study, May 1999 
• Hydraulic Conductivity Results for Till/Weathered Shale from Remedial 

Investigation 
• Selected boring logs of 1987 and before 



MONITORING WELL COMPLETION REPORT: MWT-1 

PROJECT: Ash Landfill Reactive Wall 
PROJECT LOCATION: Seneca Army Depot Activity, Romulus, NY 

ASSOCIATED AREA/UNIT: Ash Landfill 
PROJECT NO,: 726209-01001 

TOTAL DEPTH: 7.41 
DEPTH TO WATER: 6.15 

Sheet 1 of 1 

WELL INSTALLATION STARTED: 3/31/99 

BORING LOCATION: 995064,36707 
739698.41709 

COORDINATE SYSTEM: NAD-83 
GROUND SURFACE ELEVATION: 634.9 WELL INSTALLATION COMPLETED 3/31/99 

o_J :r: n:::O I-~ (.)co a. <I= w~ <I;:;: 
0 ::;: iii 

0 

2 

3 

5 

6 

DRILLING CONTRACTOR: Maxim 
DRILLING METHOD: HSA 

SAMPLING METHOD: 2" Split Spoon 

:r: _J~ 

WELL 1-·~ _J-

a. <I= w~ 
DETAILS w~ S:w 

0 0 

-2.34 TOG 

z 
0 
i=~ 
:;; !S 
w 
_J 

w 

637.24 

633.9 

633.24 

632.48 

627.49 

" ELEVATION DATUM: NAVO 88 
INSPECTOR: EDS 

CHECKED BY: 

WELL CONSTRUCTION DETAILS 

PROTECTIVE COVER 

Diameter (ID) (in): 4" 
Type: Riser 

Length (ft): 

RISER 

Diameter (ID) (in): 2" 
Type: SCH. 40-PVC 

Length (ft): 4.76 

SCREEN 

Diameter (ID) (in): 2" 
Type: Wire Wrapped PVC 

Length (ft): 5.0 
Slot Size (in): 0.010 

GROUT 
Type: 

Length (ft): 1.0 

SEAL 

Type: Bentonlte pellets 
Length (ft): 0.8 

SANDPACK 
Type: 

Length (ft): 5.9 

SURFACE SEAL 

Type: 
Size: 

8 
627.48,.1--_______ W_E_L_L_D_E_V_E __ L.:..._O_:_P_:_M:..:..:E=..:N..::..T.:..-=.D..:_A~T.:...:A:___ ______ --1 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

NOTES: 

~PARSONS 

WATER LEVELS Date: 04/10/2099 
Method: 

Duration: 
Rate: 

Date 

Development 4/10/99 
Time Depth. TOC 'SJ_ 

5.15 

Total Volume 
Removed (gals): 18.5 

pH Temperature Conductivity 
(micromhos/cm) 

Turbidity 
(NTUs) (degrees F) 

7.25 53.2 

WELL DETAILS 
TOC TOP OF WELL RISER 
GS GROUND SURFACE 
TBS TOP BENTONITE SEAL 
TSP TOP OF SANDPACK 
TSC TOP OF SCREEN 
BSC BOTTOM OF SCREEN 
POW POINT OF WELL 
BOD BOTTOM OF DRILL HOLE 
in INCHES 
ft FEET 
ID INSIDE DIAMETER 
gals GALLONS 
SCH SCHEDULE 
NA NOT APPLICABLE 

685 1.39 

LEGEND 

LITHOLOGY 

I SEAL 

lm GROUT 

I SANDPACK 

[] IRON SAND 

El ORGANIC SILT 

rJ BACKFILL 

[I]] SILT 

~ SHALE 

COMPLETION REPORT 
MWT-1 

PARSONS ENGINEERING !5CIENCE1 INC, 

UNITED STATES ARMY 
CORPS OF ENGINEERS 
Seneca Army Depot 
Romulus, New York 



MONITORING WELL COMPLETION REPORT: MWT-2 

PROJECT: Ash Landfill Reactive Wall 
PROJECT LOCATION: Seneca Army Depot Activity, Romulus, NY 

ASSOCIATED AREA/UNIT: Ash Landfill 
PROJECT NO.: 726209-01001 

TOTAL DEPTH: 7 
DEPTH TO WATER: 

Sheet 1 of 1 

WELL INSTALLATION STARTED: 3/30/99 

BORING LOCATION: 995064.10703 
739694. 79697 

COORDINATE SYSTEM: NAD-83 
GROUND SURFACE ELEVATION: 634.8 

ELEVATION DATUM: NAVO 88 
INSPECTOR: EDS 

CHECKED BY: 

WELL INSTALLATION COMPLETED 3/30/99 

o...J I o::O I- ,...._ oro a. <I= w~ <(~ 
0 ~1n 

0 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

NOTES: 

DRILLING CONTRACTOR: Maxim 
DRILLING METHOD: HSA 

SAMPLING METHOD: 2" Split Spoon 

I 
WELL te-

DETAILS w~ 
0 

-2.39 

7 

(/) 
...J...J 
..,J-

Wi'.!: 
S:w 

0 

TOG 

POW 

z 
0 
i= ~ 
~~ 
w 
...J w 

637.19 

632.8 

627.9 

627.8 

~PARSONS 

WELL CONSTRUCTION DETAILS 

PROTECTIVE COVER 
Diameter (ID) (in): 4" 

Type: Riser 
Length (ft): 

RISER 
Diameter (ID) (in): 1" 

Type: SCH. 40-PVC 
Length (ft): 4.39 

SCREEN 
Diameter (ID) (in): 1" 

Type: Wire Wrapped PVC 
Length (ft): 5.0 

Slot Size (in): 0.010 

GROUT 
Type: 

Length (ft): 0.60 

SEAL 
Type: Fine Sand/Bentonite 

Length (ft): 0.4 

SANDPACK 

Type: 
Length (ft): 6.0 

SURFACE SEAL 
Type: 
Size: 

WELL DEVELOPMENT DATA 

Date: WATER LEVELS 
Method: Time 

Duration: Development 
Depth, TOC '5J_ 

Rate: 
Total Volume 

Removed (gals): 

pH Temperature 
(degrees Fl 

Conductivity 
(micromhos/cm) 

Turbidity 
(NTUs) 

LEGEND 

WELL DETAILS 
TOC TOP OF WELL RISER 
GS GROUND SURFACE 
TBS To"P BENTONITE SEAL 
TSP TOP OF SANDPACK 
TSC TOP OF SCREEN 
BSC BOTTOM OF SCREEN 
POW POINT OF WELL 
BOD BOTTOM OF DRILL HOLE 
in INCHES 
fl FEET 
ID INSIDE DIAMETER 
gals GALLO(':JS 
SCH SCHEDULE 
NA NOT APPLICABLE 

I 
~ 
I 
□ 

LITHOLOGY 

SEAL 

GROUT 

SANDPACK 

IRON SAND 

G ORGANIC SILT 

□ BACKFILL 

[ill SILT 

~ SHALE 

COMPLETION REPORT 
MWT-2 

PARSONS ENGINEERING SCIENCE, INC, 

UNITED STATES ARMY 
CORPS OF ENGINEERS 
Seneca Army Depot 
Romulus, New York 



MONITORING WELL COMPLETION REPORT: MWT-3 

PROJECT: Ash Landfill Reactive Wall 
PROJECT LOCATION: Seneca Army Depot Activity, Romulus, NY 

ASSOCIATED AREA/UNIT: Ash Landfill 
PROJECT NO.: 726209-01001 

TOTAL DEPTH: 7.5 
DEPTH TO WATER: 5.16 

Sheet 1 of 1 

WELL INSTALLATION STARTED: 3/31/99 

BORING LOCATION: 995063.787000 
739692.44690 

COORDINATE SYSTEM: NAD-83 
GROUND SURFACE ELEVATION: 634.8 

ELEVATION DATUM: NAVO 88 
INSPECTOR: EDS 

CHECKED BY: 

WELL INSTALLATION COMPLETED 3/31/99 

o...J :r: O'.'.o 1-~ 
0..¢:! oa::J 
W'-' <(:;;;;; 

:;;;;; in 0 

0 

2 

3 

5 

6 

DRILLING CONTRACTOR: Maxim 
DRILLING METHOD: HSA 

SAMPLING METHOD: 2" Split Spoon 

:r: 
WELL I-~ 

DETAILS 
0..¢:! 
W'-' 
0 

-2.51 

CJ) 
...J...J 
_J-

w;:: 
~w 

0 

TOG 

z 
0 

~g 
w 
...J w 

637.31 

633.8 

633.2 

632.55 

WELL CONSTRUCTION DETAILS 

PROTECTIVE COVER 
Diameter (ID) (in): 4" 

Type: Riser 
Length (ft): 

RISER 
Diameter (ID) (in): 2" 

Type: SCH. 40-PVC 
Length (fl): 4.76 

SCREEN 
Diameter (ID) (in): 2" 

Type: Wire Wrapped PVC 
Length (ft): 5.0 

Slot Size (In): 0.010 

GROUT 
Type: 

Length (fl): 1.0 

SEAL 
Type: Bentonite Pellets 

Length (ft): 0.6 

SANDPACK 
Type: 

Length (ft): 5.9 

SURFACE SEAL 
Type: 
Size: 

627.55 r--------------------_:_-----------~ 
627.3 

8 7.5 POW 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

NOTES: 

~PARSONS 

WELL DEVELOPMENT DATA 

WATER LEVELS Date: 04/10/2099 
Method: 

Duration: 
Rate: 

Date 
Development 4/10/99 

Depth. TOC 'SJ 
5.16 

Total Volume 
Removed (gals): 5.0 

pH 

8.0 

Temperature 
(degrees Fl 

47.7 

Conductivity 
(micromhos/cm) 

416 

Turbidity 
(NTUs) 

1.2 

LEGEND 

WELL DETAILS 
TOG TOP OF WELL RISER 
GS GROUND SURFACE 
TBS TOP BENTONITE SEAL 
TSP TOP OF SANDPACK 
TSC TOP OF SCREEN 
BSC BOTTOM OF SCREEN 
POW POINT OF WELL 
BOD BOTTOM OF DRILL HOLE 
In INCHES 
ft FEET 
ID INSIDE DIAMETER 
gals GALLONS 
SCH SCHEDULE 
NA NOT APPLICABLE 

I 
fil] 

I 
[] 

LITHOLOGY 

SEAL 

GROUT 

SANDPACK 

IRON SAND 

G ORGANIC SILT 

□ BACKFILL 

[II]] SILT 

~ SHALE 

COMPLETION REPORT 
MWT-3 

PARSONS ENGINEERING s;c1ENCE1 INC. 

UNITED STATES ARMY 
CORPS OF ENGINEERS 
Seneca Army Depot 
Romulus, New York 



MONITORING WELL COMPLETION REPORT: MWT-4 

PROJECT: Ash Landfill Reactive Wall 
PROJECT LOCATION: Seneca Army Depot Activity, Romulus, NY 

ASSOCIATED AREA/UNIT; Ash Landfill 
PROJECT NO.: 726209-01001 

TOTAL DEPTH: 10 
DEPTH TO WATER: 6.92 

Sheet 1 of 1 

WELL INSTALLATION STARTED: 3/30/99 

BORING LOCATION: 994865.74647 
739726.14867 

COORDINATE SYSTEM: NAD-83 
GROUND SURFACE ELEVATION: 635.4 

ELEVATION DATUM: NAVO 88 
INSPECTOR: EDS 

CHECKED BY: 

WELL INSTALLATION COMPLETED 3/30/99 

o....J :r: o:::O I-~ t)O) a.. II= w~ <{~ 
0 ~in 

0 

5 

6 

8 

9 

DRILLING CONTRACTOR: Maxim 
DRILLING METHOD: HSA 

SAMPLING METHOD: 2" Split Spoon 

:r: 
WELL li:2 

DETAILS w~ 
0 

-2.28 

(/) 
....J....J 
....J-

w~ 
5W 

0 

TOG 

z 
0 

~£ >~ 
w 
....J w 

637,68 

632.4 

631.4 

630,65 

WELL CONSTRUCTION DETAILS 

PROTECTIVE COVER 

Diameter (ID) (in): 4" 
Type: Riser 

Length (ft): 

RISER 

Diameter (ID) (in): 2" 
Type: SCH. 40-PVC 

Length (fl): 7.03 

SCREEN 

Diameter (ID) (in): 2" 
Type: Wire Wrapped PVC 

Length (fl): 5.0 
Slot Size (In): 

GROUT 
Type: 

Length (ft): 3.0 

SEAL 

Type: Bentonite Pellets 
Length (fl): 1.0 

SANDPACK 

Type: 
Length (ft): 6.0 

SURFACE SEAL 

Type: 
Size: 

WELL DEVELOPMENT DATA 

Date: 04/02/2099 
Method: 

Duration: 

WATER LEVELS 
Time 

625.65 Rate: 

Dale 

Development 4/2/99 
Depth. TOC 'SJ__ 

6.92 

10 625.4 Total Volume 
Removed (gals): 12.0 

11 

pH 
12 

7.5 
13 

Temperature 
(degrees F) 

48.7 

Conductivity 
(micromhos/cm) 

670 

Turbidity 
(NTUs) 

12,7 

14 LEGEND 

15 

16 

17 

18 

19 

NOTES: 

~PARSONS 

PARSONS ENGINEERING SCIENCE, INC, 

WELL DETAILS 
TOG TOP OF WELL RISER 
GS GROUND SURFACE 
TBS TOP BENTONITE SEAL I TSP TOP OF SANDPACK 
TSC TOP OF SCREEN 
SSC BOTTOM OF SCREEN 
POW POINT OF WELL [fil 
BOD 
in 
ft 
ID 
gals 
SCH 
NA 

BOTTOM OF DRILL HOLE 
INCHES I FEET 
INSIDE DIAMETER [J GALLONS 
SCHEDULE 
NOT APPLICABLE 

UNITED STATES ARMY 
CORPS OF ENGINEERS 
Seneca Army Depot 
Romulus, New York 

LITHOLOGY 

SEAL 

GROUT 

SANDPACK 

IRON SAND 

G ORGANIC SILT 

□ BACKFILL 

[[I] SILT 

~ SHALE 

COMPLETION REPORT 
MWT-4 



MONITORING WELL COMPLETION REPORT: MWT-5 Sheet 1 of 1 

PROJECT: Ash Landfill Reactive Wall TOTAL DEPTH: 10.5 
DEPTH TO WATER: PROJECT LOCATION: Seneca Army Depot Activity, Romulus, NY 

BORING LOCATION: 994865.03642 
739722.60856 

COORDINATE SYSTEM: NAD-83 
GROUND SURFACE ELEVATION: 635.5 

ELEVATION DATUM: NAVD 88 
INSPECTOR: EDS 

CHECKED BY: 

ASSOCIATED AREA/UNIT: Ash Landfill . 

J: 

PROJECT NO.: 726209-01001 
WELL INSTALLATION STARTED: 3/30/99 

WELL INSTALLATION COMPLETED 3/30/99 
DRILLING CONTRACTOR: Maxim 

DRILLING METHOD: HSA 
SAMPLING METHOD: 2" Split Spoon 

z 
o...1 Cl) 0 ...J...l a::O J: 

~ii? WELL f-~ ...1-
~ii? (.)!ll 

UJ~ 
<(~ fu !S >~ w~ 

0 

0 

2 

3 

4 

5 

6 

8 

9 

~Cl) 

0 0 0 0 0 

(> 0 0 0 

0 0 o O 0 

O O (> o 0 

0 0 o O (> 

0 O O O 0 

<, 0 0 0 0 

0 o o O 0 

0 0 0 0 0 

0 0 '> 0 0 

0 0 0 0 0 

0 0 0 ,> 0 
0 0 0 0 

0 0 0 0 0 

0 0 0 0 O 

o O O O 0 

0 0 0 <> 0 

(> 0 0 0 0 

0 0 0 0 0 

0 <, 0 O 0 

0 0 0 0 0 

0 0 0 Q 0 

10 0 ' 0 •· 0 

0 0 0 0 0 

DETAILS 
0 

-2.22 

0 

5.5 

sw UJ 0 ...J 
UJ 

TOG 637.72 

GS 

634.5 
TSP 

630 
TSC 

625 

WELL CONSTRUCTION DETAILS 

PROTECTIVE COVER 
Diameter (ID) (in): 4" 

Type: Riser 
Length (fl): 

RISER 
Diameter (ID) (in): 1" 

Type: SCH. 40-PVC 
Length (fl): 7.72 

SCREEN 
Diameter (ID) (in): 1" 

Type: Wire Wrapped PVC 
Length (fl): 5.0 

Slot Size (in): 0.010 

GROUT 
Type: 

Length (fl): 0.60 

SEAL 
Type: Fine Sand/Bentonlte 

Length (fl): 0.4 

SANDPACK 
Type: 

Length (fl): 9.5 

SURFACE SEAL 
Type: 
Size: 

WELL DEVELOPMENT DATA 

Date: 
Method: 

Duration: 
Rate: 

Total Volume 
Removed (gals): 

Development 

WATER LEVELS 
Date Time Depth, TOC 'SJ_ 

11 POW 
624.99 j--------------------------------1 

12 

13 

14 

15 

16 

17 

18 

19 

NOTES: 

~PARSONS 

PARSONS ENGINEERING SCIENCE, INC. 

pH Temperature 
/degrees F) 

Conductivity 
(micromhos/cm) 

Turbidity 
(NTUs) 

LEGEND 

WELL DETAILS 
TOC TOP OF WELL RISER 
GS GROUND SURFACE 
TBS TOP BENTONITE SEAL 
TSP TOP OF SANDPACK 
TSC TOP OF SCREEN 
SSC BOTTOM OF SCREEN . 
POW POINT OF WELL 
BOD BOTTOM OF DRILL HOLE 
In INCHES 
ft FEET 
ID INSIDE DIAMETER 
gals GALLONS 
SCH SCHEDULE 
NA NOT APPLICABLE 

ll 
[fil 

I 
□ 

UNITED STATES ARMY 
CORPS OF ENGINEERS 
Seneca Army Depot 
Romulus, New York 

LITHOLOGY 

SEAL 

GROUT 

SANDPACK 

IRON SAND 

[8 ORGANIC SILT 

□ BACKFILL 

[ill] SILT 

~ SHALE 

COMPLETION REPORT 
MWTw5 



MONITORING WELL COMPLETION REPORT: MWT-6 

PROJECT: Ash Landfill Reactive Wall 
PROJECT LOCATION: Seneca Army Depot Activity, Romulus, NY 

ASSOCIATED AREA/UNIT: Ash Landfill 
PROJECT NO.: 726209-01001 

TOTAL DEPTH: 10.33 
DEPTH TO WATER: 6.26 

Sheet 1 of 1 

WELL INSTALLATION STARTED: 3/31/99 

BORING LOCATION: 994864.87640 
739720.29849 

COORDINATE SYSTEM: NAD-83 
GROUND SURFACE ELEVATION: 635.5 

ELEVATION DATUM: NAVO 88 
INSPECTOR: EDS 

CHECKED BY: 

WELL INSTALLATION COMPLETED 3/31/99 

o-' :c o::O t2 o ro 
w~ <(~ 

~~ 0 

0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

NOTES: 

DRILLING CONTRACTOR: Maxim 
DRILLING METHOD: HSA 

SAMPLING METHOD: 2" Split Spoon 

(/) 
:c ...J...J 

WELL t2 _J-

UJ~ 
DETAILS w~ sw 

0 0 

-2.09 TOC 

0 GS 

3 TBS 

4 TSP 

4.88 TSC 

9.88 BSC 

10.3 POW 

z 
0 
i=~ 
~!S 
w 
...J w 

637.59 

632.5 

631.5 

630.62 

625.62 

625.17 

~PARSONS 

WELL CONSTRUCTION DETAILS 

PROTECTIVE COVER 
Diameter (ID) (in): 4" 

Type: Riser 
Length (ft): 

RISER 
Diameter (ID) (in): 2" 

Type: SCH. 40-PVC 
Length (ft): 6.97 

SCREEN 
Diameter (ID) (in): 2" 

Type: Wire Wrapped PVC 
Length (ft): 5.0 

Slot Size (in): 0.01 O 

GROUT 
Type: 

Length (ft): 3.0 

SEAL 
Type: Bentonite Pellets 

Length (ft): 1.0 

SANDPACK 
Type: 

Length (ft): 6.33 

SURFACE SEAL 
Type: 
Size: 

WELL DEVELOPMENT DATA 

Date: 04/02/2099 
Method: 

WATER LEVELS 
Time 

Duration: 
Date 

Development 4/2/99 
Depth. TOG 'SJ_ 

6.25 
Rate: 

Total Volume 
Removed (gals): 11:0 

pH 

8.3 

Temperature 
(degrees Fl 

49.9 

Conductivity 
(micromhos/cm) 

369 

Turbidity 
(NTUs) 

10,8 

LEGEND 

WELL DETAILS 
TOC TOP OF WELL RISER 
GS GROUND SURFACE 
TBS TOP BENTONITE SEAL 
TSP TOP OF SANDPACK 
TSC TOP OF SCREEN 
BSC BOTTOM OF SCREEN 
POW POINT OF WELL 
BOD BOTTOM OF DRILL HOLE 
in INCHES 
ft FEET 
ID INSIDE DIAMETER 
gals GALLONS 
SCH SCHEDULE 
NA NOT APPLICABLE 

I 
~ 
I 
[] 

LITHOLOGY 

SEAL 

GROUT 

SANDPACK 

IRON SAND 

0 ORGANIC SILT 

□ BACKFILL 

fill] SILT 

~ SHALE 

COMPLETION REPORT 
MWT-6 

PARSONS ENGINEERING SCIENCE, INC. 

UNITED STATES ARMY 
CORPS OF ENGINEERS 
Seneca Army Depot 
Romulus, New York 



MONITORING WELL COMPLETION REPORT: MWT-7 

PROJECT: Ash Landfill Reactive Wall 
PROJECT LOCATION: Seneca Army Depot Activity, Romulus, NY 

ASSOCIATED AREA/UNIT: Ash Landfill 
PROJECT NO.: 726209-01001 

TOTAL DEPTH: 11.98 
DEPTH TO WATER: 6.70 

Sheet 1 of 1 

WELL INSTALLATION STARTED: 3/30/99 

BORING LOCATION: 994721.01625 
739767 .31049 

COORDINATE SYSTEM: NAD-83 
GROUND SURFACE ELEVATION: 636.4 

ELEVATION DATUM: NAVD 88 
INSPECTOR: EDS 

CHECKED BY: 

WELL INSTALLATION COMPLETED 3/30/99 

o...J ::c o::O t-~ a. ti= (.) a::J 
w~ <( :i! 
0 :i!~ 

0 

2 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

NOTES: 

DRILLING CONTRACTOR: Maxim 
DRILLING METHOD: HSA 

SAMPLING METHOD: 2" Split Spoon 

(/) 
::c ...J...J 

WELL t-~ _J-

a. ti= w<t: 
DETAILS w~ ~ t;:i 

0 0 

-1,94 TOG 

11.9 POW 

z 
0 
i== ~ 
~!S 
w 
...J 
w 

638,34 

635.45 

635.2 

634,98 

624,98 

624,42 

~PARSONS 

WELL CONSTRUCTION DETAILS 

PROTECTIVE COVER 

Diameter (ID) (In): 4" 
Type: Riser 

Length (fl): 

RISER 
Diameter (ID) (in): 2" 

Type: SCH. 40-PVC 
Length (fl): 3.36 

SCREEN 

Diameter (ID) (In): 2" 
Type: Wire Wrapped PVC 

Length (fl): 10.0 
Slot Size (In): 0.010 

GROUT 
Type: 

Length (fl): 0.95 

SEAL 
Type: Bentonlte Pellets 

Length (fl): 0.25 

SANDPACK 
Type: 

Length (fl): 10.5 

SURFACE SEAL 
Type: 
Size: 

WELL DEVELOPMENT DATA 

Date: 04/01/2099 
Method: 

WATER LEVELS 
Time 

Duration: 
Date 

Development 4/1/99 
Depth. TOG :/.. 

6.70 
Rate: 

Total Volume 
Removed (gals): 8.0 

pH 

7.28 

Temperature 
(degrees Fl 

51.6 

Conductivity 
(micromhos/cm) 

773 

Turbidity 
(NTUs) 

10.3 

LEGEND 

WELL DETAILS 
TOC TOP OF WELL RISER 
GS GROUND SURFACE 
TBS TOP BENTONITE SEAL 
TSP TOP OF SANDPACK 
TSC TOP OF SCREEN 
BSC BOTTOM OF SCREEN 
POW POINT OF WELL 
BOD BOTTOM OF DRILL HOLE 
in INCHES 
fl FEET 
ID. INSIDE DIAMETER 
gals GALLONS 
SCH SCHEDULE 
NA NOT APPLICABLE 

I 
[Ill 

I 
[] 

LITHOLOGY 

SEAL 

GROUT 

SANDPACK 

IRON SAND 

G ORGANIC SILT 

□ BACKFILL 

[II]] SILT 

~ SHALE 

COMPLETION REPORT 
MWT-7 

PARSONS ENGINEERING SCIENCE, INC, 

UNITED STATES ARMY 
CORPS OF ENGINEERS 
Seneca Army Depot 
Romulus, New York 



MONITORING WELL COMPLETION REPORT: MWT-8 

PROJECT: Ash Landfill Reactive Wall 
PROJECT LOCATION: Seneca Army Depot Activity, Romulus, NY 

ASSOCIATED AREA/UNIT: Ash Landfill 
PROJECT NO.: 726209-01001 

TOTAL DEPTH: 10.8 
DEPTH TO WATER: 

Sheet 1 of 1 

WELL INSTALLATION STARTED: 3/30/99 

BORING LOCATION: 994719.91621 
739763.92039 

COORDINATE SYSTEM: NAD-83 
GROUND SURFACE ELEVATION: 636.2 

ELEVATION DATUM: NAVO 88 
INSPECTOR: EDS 

WELL INSTALLATION COMPLETED 3/30/99 
DRILLING CONTRACTOR: Maxim 

DRILLING METHOD: HSA 
SAMPLING METHOD: 2" Split Spoon 

o-' 
z 

:c Cl) 0 
o:::O :c ....1....1 

f- ~ om WELL l;::2 
....1- i= ~ 

Cl.<!= w~ ;;!!::-w......, 
<(~ DETAILS w......, ~w 0 ~C/) 0 w 0 ....I w 

•2.20 TOG 638.40 

12 

13 

14 

15 

16 

17 

18 

19 

NOTES: 

~PARSONS 

CHECKED BY: ' 

WELL CONSTRUCTION DETAILS 

PROTECTIVE COVER 
Diameter (ID) (in): 4" 

Type: Riser 
Length (ft): 

RISER 
Diameter (ID) (in): 1" 

. Type: SCH. 40-PVC 
Length (ft): 3.0 

SCREEN 

Diameter (ID) (in): 1" 
Type: Wire Wrapped PVC 

Length (ft): 10.0 
Slot Size (In): 0.01 O 

GROUT 
Type: 

Length (ft): 

SEAL 
Type: Fine Sand/Bentonite 

Length (ft): 0.4 

SANDPACK 

Type: 
Length (ft): 10.0 

SURFACE SEAL 

Type: 
Size: 

WELL DEVELOPMENT DAT A 

Date: WATER LEVELS 
Method: Time 

Duration: Development 
Depth, TOG 'SJ_ 

Rate: 
Total Volume 

Removed (gals): 

pH Temperature 
(degrees F) 

Conductivity 
(micromhos/cm) 

Turbidity 
(NTUs) 

LEGEND 

WELL DETAILS 
TOC TOP OF WELL RISER 
GS GROUND SURFACE 
TBS TOP BENTONITE SEAL 
TSP TOP OF SANDPACK 
TSC TOP OF SCREEN 
SSC BOTTOM OF SCREEN 
POW POINT OF WELL 
BOD BOTTOM OF DRILL HOLE 
in INCHES 
ft FEET 
ID INSIDE DIAMETER 
gals GALLONS 
SCH SCHEDULE 
NA NOT APPLICABLE 

I 
ITTI 

I 
[] 

LITHOLOGY 

SEAL 

GROUT 

SANDPACK 

IRON SAND 

0 ORGANIC SILT 

□ BACKFILL 

[l] SILT 

~ SHALE 

COMPLETION REPORT 
MWT-8 

PARSONS ENGINEERING SCIENCE, INC. 

UNITED STATES ARMY 
CORPS OF ENGINEERS 
Seneca Army Depot 
Romulus, New York 



MONITORING WELL COMPLETION REPORT: MWT-9 Sheet 1 of 1 

PROJECT: Ash Landfill Reactive Wall TOTAL DEPTH: 12 
DEPTH TO WATER: 6.60 PROJECT LOCATION: Seneca Army Depot Activity, Romulus, NY 

ASSOCIATED AREA/UNIT: Ash Landfill BORING LOCATION: 994718.99618 
739761.48032 

COORDINATE SYSTEM: NAD-83 
GROUND SURFACE ELEVATION: 636.0 

ELEVATION DATUM: NAVO 88 
INSPECTOR: EDS 

CHECKED BY: 

PROJECT NO.: 726209-01001 
WELL INSTALLATION STARTED: 3/30/99 

WELL INSTALLATION COMPLETED 3/30/99 
DRILLING CONTRACTOR: Maxim 

DRILLING METHOD: HSA 
SAMPLING METHOD: 2" Split Spoon 

o-1 J: o:::O I-~ Oro WELL a. II= w~ <(~ DETAILS 
D ~1n 

0 

2 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

NOTES: 

l!!!i"l 
~PARSONS 

I 
I-~ a. II= w~ 
D 

-2.08 

12 

CJ) 
_J _J 
_J-

w~ 
~w 

D 

TOG 

POW 

z 
0 

~g 
w 
_J 

w 

638.08 

635 

634.5 

634.25 

624.25 

624 

WELL CONSTRUCTION DETAILS 

PROTECTIVE COVER 
Diameter (ID) (in): 4" 

Type: Riser 
Length (ft): 

RISER 
Diameter (ID) (In): 2" 

Type: SCH. 40-PVC 
Length (ft): 3.83 

SCREEN 

Diameter (ID) (in): 2" 
Type: Wire Wrapped PVC 

Length (ft): 10.0 
Slot Size (in): 0.010 

GROUT 
Type: 

Length (ft): 1.0 

SEAL 
Type: Bentonlte Pellets 

Length (ft): 0.5 

SANDPACK 
Type: 

Length (ft): 10.5 

SURFACE SEAL 
Type: 
Size: 

WELL DEVELOPMENT DATA 

Date: 04/02/2099 
Method: 

WATER LEVELS 
Time 

Duration: 
Date 

Development 4/2/99 
Depth, Toe 'SJ_ 

6,60 
Rate: 

Total Volume 
Removed (gals): 16 

pH 

8.1 

Temperature 
(degrees F) 

49.6 

Conductivity 
(micromhos/cm) 

364 

Turbidity 
(NTUs) 

22.5 

LEGEND 

WELL DETAILS 
TOC TOP OF WELL RISER 
GS GROUND SURFACE 
TBS TOP BENTONITE SEAL 
TSP TOP OF SANDPACK 
TSC TOP OF SCREEN 
BSC BOTTOM OF SCREEN 
POW POINT OF WELL 
BOD BOTTOM OF DRILL HOLE 
in INCHES 
ft FEET 
ID INSIDE DIAMETER 
gals GALLONS 
SCH SCHEDULE 
NA NOT APPLICABLE 

I 
~ 
I 
[] 

LITHOLOGY 

SEAL 

GROUT 

SANDPACK 

IRON SAND 

El ORGANIC SILT 

tJ BACKFILL 

[I!] SILT 

~ SHALE 

COMPLETION REPORT 
MWT-9 

PARSONS ENGINEERING !SCIENCE, INC, 

UNITED STATES ARMY 
CORPS OF ENGINEERS 
Seneca Army Depot 
Romulus, New York 



MONITORING WELL COMPLETION REPORT: MWT-10 

PROJECT: Ash Landfill Reactive Wall 
PROJECT LOCATION: Seneca Army Depot Activity, Romulus, NY 

ASSOCIATED AREA/UNIT: Ash Landfill 
PROJECT NO.: 726209-01001 

TOTAL DEPTH: 7.08 
DEPTH TO WATER: 3.91 

Sheet 1 of 1 

WELL INSTALLATION STARTED: 3/30/99 

BORING LOCATION: 995252.63746 
739655.66506 

COORDINATE SYSTEM: NAD-83 
GROUND SURFACE ELEVATION: 634.2 

ELEVATION DATUM: NAVD 88 
INSPECTOR: EDS 

CHECKED BY: 

WELL INSTALLATION COMPLETED 3/30/99 

o_, :c o::O f- ~ (.) ID O...<!= <(~ w~ 
0 ~1n 

0 

2 

3 

4 

5 

6 

DRILLING CONTRACTOR: Maxim 
DRILLING METHOD: HSA 

SAMPLING METHOD: 2" Split Spoon 

:c 
WELL f-~ 

0...<I= 
DETAILS w~ 

0 

-1.87 

Cl) 
...J...J 
...1-
UJ<( 
~~ 

0 

TOG 

z 
0 
r= ~ 
~$ 
UJ 
...J 
UJ 

636.07 

633.2 

632.7 

632.4 

627.4 

WELL CONSTRUCTION DETAILS 

PROTECTIVE COVER 

Diameter (ID) (in): 4" 
Type: Riser 

Length (ft): 

RISER 
Diameter (ID) (in): 2" 

Type: SCH. 40-PVC 
Length (ft}: 3.67 

SCREEN 
Diameter (ID) (in): 2" 

Type: Wire Wrapped PVC 
Length (ft): 5.0 

Slot Size (in): 0.010 

GROUT 
Type: 

Length (ft): 1.0 

SEAL 
Type: Bentonite Pellets 

Length (ft): 0.5 

SANDPACK 

Type: 
Length (ft): 5.6 

SURFACE SEAL 

Type: 
Size: 

627.12 t--------------------------------1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

NOTES: 

~PARSONS 

WELL DEVELOPMENT DATA 

WATER LEVELS Date: 04/10/2099 
Method: 

Duration: 
Rate: 

Date 
Development 4/10/99 

Depth, TOC 5/.. 
3.91 

Total Volume 
Removed (gals): 21 

pH Temperature Conductivity 
/micromhos/cm) 

Turbidity 
/NTUs) /degrees F) 

7.49 48.2 

WELL DETAILS 
TOC TOP OF WELL RISER 
GS GROUND SURFACE 
TBS TOP BENTONITE SEAL 
TSP TOP OF SANDPACK 
TSC TOP OF SCREEN 
BSC BOTTOM OF SCREEN 
POW POINT OF WELL 
BOD BOTTOM OF DRILL HOLE 
in INCHES 
ft FEET 
ID INSIDE DIAMETER 
gals GALLONS 
SCH SCHEDULE 
NA NOT APPLICABLE 

4.1 

LEGEND 

LITHOLOGY 

I SEAL 

rm GROUT 

I SANDPACK 

[] IRON SAND 

G ORGANIC SILT 

□ BACKFILL 

[[I] SILT 

~ SHALE 

COMPLETION REPORT 
MWT-10 

PARSONS ENGINEERING SCIENCE, INC. 

UNITED STATES ARMY 
CORPS OF ENGINEERS 
Seneca Army Depot 
Romulus, New York 



MONITORING WELL COMPLETION REPORT: MWT-11 

PROJECT: Ash Landfill Reactive Wall 
PROJECT LOCATION: Seneca Army Depot Activity, Romulus, NY 

ASSOCIATED AREA/UNIT: Ash Landfill 
PROJECT NO.: 726209-01001 

TOTAL DEPTH: 10.25 
DEPTH TO WATER: 5.95 

Sheet 1 of 1 

WELL INSTALLATION STARTED: 3/31/99 

BORING LOCATION: 994615.11603 
739791.29163 

COORDINATE SYSTEM: NAD-83 
GROUND SURFACE ELEVATION: 636.2 

ELEVATION DATUM: NAVO 88 
INSPECTOR: EDS 

CHECKED BY: 

WELL INSTALLATION COMPLETED 3/31/99 
DRILLING CONTRACTOR: Maxim 

DRILLING METHOD: HSA 
SAMPLING METHOD: 2" Split Spoon 

z 
o.J I 

CJ) 0 
o:::O I _J_J 

I-,-. WELL I- ,-. _J- i= ,-. 
0.. ii= OCO O..il= w;=: ~~ w~ <l'.~ DETAILS ~in w~ 3:w 0 0 w 0 _J 

w 

0.0 TOC 636.2 

0 

3 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

NOTES: 

WELL CONSTRUCTION DETAILS 

PROTECTIVE COVER 

Diameter (ID) (in): 4" 
Type: Riser 

Length (ft): 

RISER 

Diameter (ID) (in): 2" 
Type: SCH. 40-PVC 

Length (ft): 4. 7 

SCREEN 

Diameter (ID) (In): 2" 
Type: Wire Wrapped PVC 

Length (ft): 5,0 
Slot Size (in): 0.010 

GROUT 
Type: 

Length (ft): 2.0 

SEAL:. 
Type: Bentonite Pellets 

Length (ft): 1.5 

SANDPACK 
Type: 

Length (ft): 6.75 

SURFACE SEAL 
Type: ROAD BOX 
Size: 

WELL DEVELOPMENT DATA 

Date: 04/10/2099 
Method: 

WATER LEVELS 
Time 

Duration: 
Date 

Development 4/10/99 
Depth, TOC 'Sj_ 

5.95 
Rate: 

Total Volume 
Removed (gals): 21.8 

pH Temperature Conductivity 
(micromhos/cm) 

Turbidity 
(NTUs) (degrees Fl 

7.19 49.6 

WELL DETAILS 
TOC TOP OF WELL RISER 
GS GROUND SURFACE 
TBS TOP BENTONITE SEAL 
TSP TOP OF SANDPACK 
TSC TOP OF SCREEN 
BSC BOTTOM OF SCREEN 
POW POINT OF WELL 
BOD BOTTOM OF DRILL HOLE 
in INCHES 
fl FEET 
ID INSIDE DIAMETER 
gals GALLONS 
SCH SCHEDULE 
NA NOT APPLICABLE 

608 20 

LEGEND 

LITHOLOGY 

I SEAL 

[fil GROUT 

I SANDPACK 

[] IRON SAND 

G ORGANIC SILT 

□ BACKFILL 

rnJ] SILT 

~ SHALE 

COMPLETION REPORT 
MWT-11 

PARSONS ENGINEERING SCIENCE1 INC, 

UNITED STATES ARMY 
CORPS OF ENGINEERS 
Seneca Army Depot 
Romulus, New York 





Seneca Army Depot Activity 
Ash Lanfill - Groundwater Treatability Study Using Zero Valent Iron Reactive Wall 

HYDRAULIC CONDUCTIVITY RESULTS, MAY 1999 

Monitoring Well Number Hydraulic Conductivity, ft/days 
MWT-10 55 
MWT-1 34 
MWT-3 28 
MWT-4 4 

_. MWT-6 9 
MWT-7 4 
MWT-9 7 

MWT-11 0.4 

p:\pit\projects\seneca\irontrnc\gwdata\slug.xls 





Client: SENECA ARMY DEPOT 

Project: ASH LANDFILL GW TREAT ABILITY STUDY USING ZERO VALENT IRON WALL 

Project No.: 726209-01002 

Well No.: MWT-1 
FIRST 0.5 MINUTES 

Test Date: 5/8/1999 
1.00 ,------------------------------, 

Formation Tested: 

Rising (R} or Falling (F) Head Test: 

Hydraulic conductivity 

Casing stickup 
Static water level (from top of casing) 

Depth to bottom of screen (from ground level) 

Boring diameter 

Casing diameter 

Screen diameter 

Screen length 

Depth to '"impermeable boundary" 

Estimated ratio of Kh/Kv 

Porosity of filter pack 

R 

1.19E-02 cm/sec 

2.JSE-02 ft/min 

33.80 ft/day 

1.86 feet 

5.18 feet 

7.42 feet 

8.00 inches 

2.00 inches 

2.00 inches 

5.00 feet 

7.67 feet 

1 

0.3 

I !-

"' "' "" i!:; 
!-
:z: 
"' :;: 
"' u 
-<: 
-l ... 
f!l 
Q 

--CURVEFIT 

□ LOGGER 

~0 □ 00000 □ 0 □ 000 □ 0 
i'.H at time zero (Y0} 0.80 feet O. IO +-----------------------~--~--+-------------! 
L'.H at time t (YJ 0.100 feet 

0.05 

Time 

~ 

0.14 minutes 

Bouwer-Rice Parameters 

feet cm cm 

3.32 101.19 SW 

4.1 124.97 H 12.30 URw 1.00 

2.42 73.76 Ts 0.94 HID !-

"' 0.333 10.16 Rw 1.87 A "' "" 
0.083 2.54 Re 0.26 B i!:; 

!-
0.167 5.08 DS 1.20 C :z: 

"' 0.IO 
4.10 124.97 L -0.29 Ln[(D-H)/Rw]' :;: 

"' 4.35 132.59 D -0.29 Ln[fD-'H)/Rw] 
u 
-<: 

24.38 Y, 
-l 

0.8 1.71 equation (8) ... 
"' 

0.1 3.05 Y, 1.87 equation (9) i:i 

8.40 t (seconds) 1.87 Ln(Re/Rw) I 
0.01 

1.00 M 1.2E-02 equation (5) 
0 0.1 

0.30 n 

Bouwer, Herman. 1989. "TheBouwer and Rice Slug Test- An Update". Ground Water vol. 27, no. 3, May-June 1989. 

Bouwer, H. and R.C. Rice. 1976. A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers With Completely 

or Partially Penetrating Wells". Water Resources Research. vol 12, no. 3, June 1976. 

0.1 0.15 0.2 0.25 0.3 0.35 

TIME IN MINUTES 

FULL DATASET 

-CURVEFIT 

□ LOGGER 

0.4 0.45 

llllltDmrn,; •• Ii •• Ii. I I;. I I 11.' i. i. 1111 •• i.;. i I I w 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

TIME IN MINUTES 

0.5 

MWT-1.xls, 3/10/2000 



Client: SENECA ARMY DEPOT 

Project: ASH LANDFILL GW TREA TABILITY STUDY USING ZERO VALENT IRON WALL 

Project No.: 726209-01002 

Well No.: MWT-3 

Test Date: 5/8/1999 

Formation Tested: 

Rising (R) or Falling (F) Head Test: 

Hydraulic conductivity 

Casing stickup 
Static water level (from top of casing) 

Depth to bottom of screen (from ground level) 

Boring diameter 

Casing diameter 

Screen diameter 

Screen length 

Depth to "impermeable boundary" 

Estimated ratio of Kh/Kv 

Porosity of filter pack 

iiH at time zero (Y 0) 

R 

100.00 

I 

9.97E-03 cm/sec 

1.96E-02 ft/min 

I 10.00 
28.27 ft/day 

""' I "' "' .. 
1.86 feet :5 

""' 5.27 feet z 
1.00 "' :;; 

7.25 feet "' u 
8.00 inches --<: .., 

"' 2.00 inches "' I 1'.. □ □ Q 
2.00 inches 

5.00 feet 
0.10 

7.50 feet 

1 

0.3 

0.80 feet 
iiH at time t (Y1) I I 

0 0.1 0.2 

Time 

~ 

0.010 feet 

0.37 minutes 

Bouwer-Rice Parameters 

feet cm cm 

3.41 103.94 SW 

3.84 117.04 H 11.52 URw 10.00 

2.25 68.58 Ts 0.94 HID ""' "' 0.333 10.16 Rw 1.80 A "' "'-

0.083 2.54 Re 0.25 B :5 
""' 0.167 5.08 DS 1.10 C z 
"' 1.00 

3.84 117.04 L -0.29 Ln[(D-H)/Rw]' :;; 
"' 4.09 124.66 D -0.29 Ln[(D-H)/Rw] u 
--<: 

24.38 Yo 
.., 

0.8 1. 67 equation (8) "' f!l 
0.01 0.30 Y, 1.83 equation (9) "' 

22.20 t (seconds) 1.83 Ln(Re/Rw) 0.10 

1.00 M 1. OE-02 equation (5) 

0.30 n 

Bouwer. Herman. 1989. "The Bouwer and Rice Slug Test- An Update". Ground Water vol. 27. no. 3, May-June 1989. 

Bouwer, H. and R.C. Rice. 1976. A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers With Completely 

or Partially Penetrating Wells". Water Resources Research. vol 12, no. 3, June 1976. 

2 

□ 

FIRST 1 MINUTES 

-CURVE FIT 

□ LOGGER 

□ □ □ □ □ □ □ 

0.3 0.4 0.5 0.6 0.7 

TIME IN MINUTES 

FULL DATA SET 

--CURVEFIT 

□ LOGGER 

□ □ □ 

0.8 0.9 

□ooo□□□□□ ooa a a □□□□ 

10 12 14 

TIME IN MINUTES 

MWT-3.xls, 3/10/2000 



Client SENECA ARMY DEPOT 

Project: ASH LANDFILL GW TREAT ABILITY STUDY USING ZERO VALENT IRON WALL 

Project No.: 726209-01002 

Well No.: MWT-4 
FIRST 5 MINUTES 

Test Date: 5/8/1999 
10.00 .------------------------------, 

Formation Tested: 

Rising (R) or Falling (F) Head Test: 

Hydraulic conductivity 

Casing stickup 
Static water level (from top of casing) 

Depth to bottom of screen (from ground level) 

Boring diameter 

Casing diameter 

Screen diameter 

Screen length 

Depth to "impermeable boundary" 

Estimated ratio of Kh/Kv 

Porosity of filter pack 

ti.H at time zero (Y 0) 

ti.H at time t (Y1) 

Time 

R 

Bouwer-Rice Parameters 

feet cm 

3.95 120.40 SW 

5.8 176.78 H 

4.75 144.78 Ts 

0.083 2.54 Rw 

0.083 2.54 Re 

0.167 5.08 DS 

5.00 152.40 L 

6.05 184.40 D 

1.45 44.20 Y, 

0.01 0.30 Y, 

252.00 t (seconds) 

1.00 M 

0.30 n 

1.36E-03 cm/sec 

2.68E-03 ft/min 

3.85 ft/day I F-

"' 1.00 

"' "' 
~ 1.86 feet F-z 5.81 feet "' :;: 

9.75 feet "' u 
8.00 inches < ..., .. 
2.00 inches VJ 

Q 
2.00 inches 

0.10 

5.00 feet 

10.00 feet 

I 

0.3 

1.45 feet 

0.010 feet 

4.2 minutes 

cm 

60.00 URw 10.00 

0.96 HID F-

"' 3.30 A "' '"' 1.00 

0.50 B i5 
F-

2.90 C z 
"' O.IO 

1. 1 0 Ln[(D-H)!Rw]' :;: 
"' 1 . 1 0 Ln[(D-H)/Rw] 
u 
< 
,-l 0.01 

3.09 equation (8) .. 
er, 

3.25 equation (9) 
;:::; 

3.25 Ln(Re/Rw) 
0.00 

1.4E-03 equation (5) 
0 

Bouwer, Herman. 1989. "The Bouwer and Rice Slug Test- An Update". Ground Water vol. 27, no. 3, May-June 1989. 

0.5 

~ Bouwer, H. and R.C. Rice. 1976. A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers With Completely 

or Partially Penetrating Wells". Water Resources Research. vol 12, no. 3, June 1976. 

1.5 2.5 3.5 

TIME IN MINUTES 
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□oo 
00 □oo □ 
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Client: SENECA ARMY DEPOT 

Project: ASH LANDFILL GW TREAT ABILITY STUDY USING ZERO VALENT IRON WALL 

Project No.: 726209-01002 

Well No.: 

Test Date: 

MWT-6 

5/8/1999 
FIRST 2 MINUTES 

10.00 ,------------------------------~ 
Formation Tested: 

Rising (R) or Falling (F) Head Test: 

Hydraulic conductivity 

Casing stickup 
Static water level (from top of casing} 

Depth to ·bottom of screen (from ground level} 

Boring diameter 

Casing diameter 

Screen diameter 

Screen length 

Depth to "impermeable boundary" 

Estimated ratio of Kh/Kv 

Porosity of filter pack 

.6.H at time zero (Y 0) 

.6.H at time t (Y1) 

Time 

R 

Bouwer-Rice Parameters 

feet cm 

3.95 120.40 SW 

5.93 180.75 H 

4.88 148.74 Ts 

0.083 2.54 Rw 

0.083 2.54 Re 

0.167 5.08 DS 

5.00 152.40 L 

6.38 194.46 D 

1.55 47.24 Yo 

0.01 0.30 Y, 

115.20 t (seconds) 

1.00 M 

0.30 n 

3.03E-03 cm/sec 

5.96E-03 ft/min 

8.58 ft/day I f-

"' 1.00 
"' "' 

1.86 feet :5 
f-

5.81 feet 
z 
"' 

9.88 feet 
:;: 
"' u 

8.00 inches < 
-' 

2.00 inches 
.. 
"' 

2.00 inches 
i:i 

0.10 

5.00 feet 

10.33 feet 

1 

0.3 

1.55 feet 0.01 

0.010 feet 

1.92 minutes 

cm 

60.00 URw 10.00 

0.93 HID f-

"' 3.30 A "' "- 1.00 

0.50 B :5 
f-

2.90 C z 
"' 0.10 

1.69 Ln[(D-H)/Rw]' :;: 
"' 1. 69 Ln[(D-HJ/Rw] 
u :s O.Ql 

3.06 equation (8) .. 
f!l 

3.27 equation (9) Q 

3.27 Ln(Re/Rw) 0.00 

3.0E-03 equation (5) 0 

Bouwer. Herman. 1989. "The Bouwer and Rice Slug Test- An Update". Ground Water vol. 27, no. 3, May-June 1989. 

0.2 

~ Bouwer, H.. and R.C. Rice. 1976. A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers With Completely 

or Partially Penetrating Wells". Water Resources Research. vol 12, no. 3, June 1976. 

0.4 0.6 0.8 1.2 1.4 

TIME IN MINUTES 

FULL DATA SET 
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-CURVEFIT 

D LOGGER 

□□□□ 

4 

TIME IN MINUTES 

1.6 1.8 2 

MWT-6.xls, 3/10/2000 



Client: SENECA ARMY DEPOT 

Project: ASH LANDFILL GW TREA TABILITY STUDY USING ZERO VALENT IRON WALL 

Project No.: 726209-01002 

Well No.: MWT-7 
FIRST 1 MINUTES 

Test Date: 5/8/1999 
10.00 ~-----------------------------~ 

Formation Tested: 

Rising (R) or Falling (F) Head Test: 

Hydraulic conductivity 

Casing stickup 
Static water level (from top of casing) 

Depth to bottom of screen (from ground level) 

Boring diameter 

Casing diameter 

Screen diameter 

Screen length 

Depth to "impermeable boundary" 

Estimated ratio of Kh/K v 

Porosity of filter pack 

i'iH at time zero (Y 0) 

.!iH at time t (Y1) 

Time 

R 

Bouwer-Rice Parameters 

feet cm 

4.68 142.65 SW 

6.74 205.44 H 

1.42 43.28 Ts 

0.333 10.16 Rw 

0.083 2.54 Re 

0.167 5.08 DS 

6.74 205.44 L 

6.99 213.06. D 

1.75 53.34 Yo 

0.01 0.30 Y, 

135. 00 t (seconds) 

1.00 M 

0.30 n 

l.35E-03 cm/sec 
2.66E-03 ft/min 

3.83 ft/day I E-

"' 1.00 

"' "' 
1.86 feet 

:!; 
E-z 6.54 feet "' ;;; 

11.42 feet "' u 
8.00 inches < .., 

0. 2.00 inches en 
Q 

2.00 inches 
0. IO 

10.00 feet 

11.67 feet 

1 

0.3 

1.75 feet 0.01 

0.010 feet 

2.25 minutes 

cm 

20.22 URw 10.00 

0.96 HID E-
"' 2.20 A "' "" 1.00 

0.30 B :!; 
E-

1.60 C z 
"' 0.10 

-0.29 Ln[(D-HJ/Rw]' ;;; 
"' -0.29 Ln[(D-H)/Rw] 
u 
< .., 0.01 

2.13 equation (8) 0. 
en 

2.25 equation (9) Q 

2.25 Ln(Re/Rw) 
I I 1.4E-03 equation (5) 

0 

Bouwer, Herman. 1989. "The Bouwer and Rice Slug Test- An Update". Ground Water vol. 27, no. 3, May-June 1989. 

0.1 

~ Bouwer, H. and RC. Rice. 1976. A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers With Completely 

or Panially Penetrating Wells". Water Resources Research. vol 12, no. 3, June 1976. 

0.2 0.3 0.4 0.5 

--CURVE FIT 

D LOGGER 

0.6 0.7 
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10 

-CURVEFIT 

D LOGGER 

□ o □□□ o □ 
DODD 
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25 30 
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Client: SENECA ARMY DEPOT 

Project: ASH LANDFILL GW TREAT ABILITY STUDY USING ZERO VALENT IRON WALL 

Project No.: 726209-01002 

Well No.: MWT-9 
FIRST 2 MINUTES 

Test Date: 5/8/1999 

Formation Tested: 
10.00 ,-----------------------------, 

Rising (R) or Falling (F) Head Test: 

Hydraulic conductivity 

Casing stickup 
Static water level (from top of casing) 

Depth to bottom of screen (from ground level) 

Boring diameter 

Casing diameter 

Screen diameter 

Screen length 

Depth to "impermeable boundary" 

Estimated ratio of Kh/Kv 

Porosity of filter pack 

R 

2.61E-03 cm/sec 

5.13E-03 ft/min 

7.39 ft/day 

--
1.86 feet 

6.38 feet 

11.75 feet 

8.00 inches 

2.00 inches 

2.00 inches 

10.00 feet 

12.00 feet 

1 

0.3 

!;; 
"' "' 
~ 
fz 
~ 1.00 

"' u 
.'.l 
0.. 

"' Q 

-CURVEFIT 

D LOGGER 

dH at time zero (Y 0) 2.00 feet 0.10 ~ 

dH at time t (Y1) 
0.100 feet 

0.2 

Time 

~ 

0.65 minutes 

Bouwer-Rice Parameters 

feet cm cm 

4.52 137.77 SW 

7.23 220.37 H 21.69 URw 10.00 

1.75 53.34 Ts 0.97 HID f-

"' 0.333 10.16 Rw 2.20 A "' "' 1.00 

0.083 2.54 Re 0.30 B ~ 
f-

0.167 5.08 DS 1.60 C z 
"' 0.10 

7.23 220.37 L -0.29 Ln[(D-H)/Rw]' :. 
"' 7.48 227.99 D -0.29 Ln[(D-H)/Rw] 
u 
-,: 

60.96 Y, "' 0.01 
2 2.20 equation (8) 0.. 

"' 
0.1 3.05 Y, 2.32 equation (9) Q 

39.00 t(seconds) 2.32 Ln(Re/Rw) 
0.00 

1.00 M 2.6E-03 equation (5) 0 

0.30 n 

Bouwer, Herman. 1989. "The Bouwer and Rice Slug Test- An Update". Ground Water vol. 27, no. 3, May-June 1989. 

Bouwer. H. and R.C. Rice. 1976. A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers With Completely 

or Partially Penetrating Wells". Water Resources Research. vol 12, no. 3, June 1976. 

0.4 0.6 0.8 1.2 1.4 

TIME IN MINUTES 

FULL DATA SET 

--CURVEFIT 

D LOGGER 

□□000 0 0 
o 

D 

TIME IN MINUTES 

1.6 1.8 

10 

MWT-9.xls, 3/10/2000 



Client SENECA ARMY DEPOT 

Project ASH LANDFILL GW TREA TABILITY STUDY USING ZERO VALENT IRON WALL 

Project No.: 726209-01002 

Well No.: MWT-10 
FIRST 0.5 MINUTES 

Test Date: 5/8/1999 
1.00 ,-------------------------------... 

Formation Tested: 

Rising (R) or Falling (F) Head Test: 

Hydraulic conductivity 

Casing stickup 
Static water level (from top of casing) 

Depth to bottom of screen (from ground level) 

Boring diameter 

Casing diameter 

Screen diameter 

Screen length 

Depth to "impermeable boundary" 

Estimated ratio of Kh/Kv 

Porosity of filter pack 

6.H at time zero (Y 0) 

6.H at time t (Y1) 

Time 

R 

Bouwer-Rice Parameters 

feet cm 

2.16 65.84 SW 

4.67 142.34 H 

1.83 55.78 Ts 

0.333 10.16 Rw 

0.083 2.54 Re 

0.167 5.08 DS 

4.67 142.34 L 

4.92 149.96 D 

0.32 9.75 Yo 

0.001 0.03 Y, 

13.20 t (seconds} 

1.00 M 

0.30 n 

l.94E-02 cm/sec D 

3.83E-02 ft/min 

55.10 ft/day 
f-o 

"" 0.10 

"' "" 
1.86 feet ~ 

f-o 
4.02 feet z 

"' 
6.83 feet lE 

"' u 
8.00 inches -< .., 
2.00 inches 0.. 

"' 
2.00 inches 

Q 0.01 ~ 

5.00 feet 

7.08 feet 

1 
0.3 

0.32 feet 0.00 I 
0 

0.001 feet 

0.22 minutes 

cm 

14.01 URw 1.00 

0.95 HID f-o 

"' 1.93 A "' "' 
0.27 B ~ O.lot\ 

f-o 
1.30 C z 

"' -0.29 Ln[(D-H)/Rw]' lE 
"' 

-0.29 Ln[(D-H)/Rw] 
u 0.01 -< .., 

1.82 equation (8) 0.. 
I r!l 

1.96 equation (9) "' 
1 . 96 Ln(Re/Rw) 0.00 

1.9E-02 equation (5) 
0 

Bouwer, Hennan. 1989. "The Bouwer and Rice Slug Test - An Update". Ground Water vol. 27, no. 3, May-June 1989. 

0.05 

\ 

0.2 

~ Bouwer, H. and R.C. Rice. 1976. A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers With Completely 

or Partially Penetrating Wel1s". Water Resources Research. vol 12, no. 3, June 1976. 
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0.1 0.15 

n □ 

\ . 
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D 

--CURVE ITT 
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··- - -----~-
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Client: SENECA ARMY DEPOT 

Project: ASH LANDFILL GW TREAT ABILITY STUDY USING ZERO VALENT IRON WALL 

Project No.: 726209-01002 

Well No.: MWT-11 
FIRST 25 MINUTES 

Test Date: 5/8/1999 
10.00 ,------------------------------~ 

Formation Tested: 

Rising (R) or Falling (F) Head Test: 

Hydraulic conductivity 

Casing stickup 
Static water level (from top of casing) 

Depth to bottom of screen (from ground level) 

Boring diameter 

Casing diameter 

Screen diameter 

Screen length 

Depth to "impermeable boundary" 

Estimated ratio of Kh/Kv 

Porosity of filter pack 

L'i.H at time zero (Y0) 

L'i.H at time t (YJ 

Time 

R 

Bouwer-Rice Parameters 

feet cm 

0.4 12.19 SW 

9.6 292.61 H 

5 152.40 Ts 

0.083 2.54 Rw 

0.083 2.54 Re 

0.167 5.08 DS 

5.00 152.40 L 

9.85 300.23 D 

0.95 28.96 Yo 

0.01 0.30 Y, 

2520.00 t (seconds) 

1.00 M 

0.30 n 

1.3 7E-04 cm/sec 

2.69E-04 ft/min 

0.39 ft/day I E-
"' 1.00 

"' .. 
1.86 feet ~ 

E-
2.26 feet z 

"' ;; 
10.00 feet "' u 
8.00 inches j 

0. 
2.00 inches "' Q 
2.00 inches 

0.10 

5.00 feet 

10.25 feet 

1 

0.3 

0.95 feet 0.01 

0.010 feet 

42 minutes 

cm 

60.00 URw 10.00 

0.97 HID E-

"' 3.30 A "' .. 
0.50 B ~ 1.00 

E-
2.90 C z 

"' 1. 1 0 Ln[(D-H)/Rw]' ;; 
r.l 

1. 10 Ln[(D-H)/Rw] 
u 0.10 < .., 

3.38 equation (8) 0. 

"' 
3.57 equation (9) Q 

3.57 Ln(Re/Rw) 
0.01 

1.4E-04 equation (5) 
0 

~ 
Bouwer. Herman. 1989. "The Bouwer and Rice Slug T~ -An Update". Ground Water vol. 27, no. 3, May-June 1989. 

Bouwer, H. and R.C. Rice. 1976. A Slug Test for Detennining Hydraulic Conductivity of Unconfined Aquifers With Completely 

or Partially Penetrating Wells". Water Resollfces Research. vol 12, no. 3, June 1976. 
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Hydraulic Conductivity Results for Till/Weathered Shale from Remedial Investigation 
Seneca Army Depot Activity 

Romulus, NY 

Monitoring Well Designation Hydraulic Conductivity 
cm/sec ft/day 

PT-12 3.09E-05 0.1 
PT-23 7.S0E-04 2.2 

MW-34 l.85E-04 0.5 
MW-36 5.26E-04 1.5 
MW-37 7.07E-04 2.0 
MW-40 3.87E-05 0.1 

Average: 

p: \pit\projects \seneca \i ro ntrnc\d raftmemo \hydcond RI .xis 





US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 
(Th11 propon11nt of thlt form It HSHB•ESJ 

PROJECT 
LOCATION 

· Seneca Army Depot DATE 
DRILLERS 

14 November 1989 

86.5 feet SW from PT-23 

110.5 feet from MW-28 

DRILL RIG Mobile B-80 with 6-inch 
hollow stem auger 

SAMF LE 
TYPE 
BLOWS 

DEPTH PER 6 IN. DESCRIPTION 
0 

·l 
Dark brown silty c~ay - Weathered gray shale 

. ' -
-
-

5 

-
-

BOH 
8 - Gray shale 

-
10 

-
j" 
; -

-
-

AEHA Fann 130, 1-Ncv 82 

BORE HOLE 

ner,ltu:es HSHG Form 78, /Jun 80: which "{ii: be uud. 

D. Kestner, S. Curran 

MW- 27 

. , 

.. 

REMARKS 

.. 

·-

... 



US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 
(Th, propon,nt al th/1 form /1 HSHD;ES) 

Seneca Army Depot 14 November 1989 PROJECT· 
LOCATION 81 feet from fence line 

DATE 
DRILLERS D. Kestner, S. Curran 

110.5 feet from MW-27 

DRILL RIG Mobile B-80 with 6-inch 
hollow stem auger 

SAMFLE 
TYPE 
BLOWS 

DEPTH PER 6 IN. DESCRIPTION 
0 Dark bromi silty clay 
l -

Weathered gray shale· 

- . , 

-
-

5 

- ' 

. -
BOH -8 gray shale .. 

-
10 

-
-
-
-

. AEHA Fann 130, 1-Ncv 82 

BORE HOLE 

···-

. . 

-

n~pl•cH HSHIJ Form 111, I Jun BO, which wiUb~ u1~d. 

MW- 28 

REMARKS 

... 

.... _. ~ 

.. 
-

. 



·us ARMY ENVIRONMENTAL HYGIENE AGENCY 

DR! LLING LOG 
(Th, propon,nr o( rhlt form It HSHD•ESJ 

PROJECT 

LOCATION 

Seneca Army Depot DATE 
_1_6_7 _f_e_e t_f_ro_m_PT_-_2_4_s_a_'_fee t DRILLERS 

from fence 

DRILL RIG Mobile B-80 with 6-inch 
hollow stem auger 

SAMFLE 
TYPE 
BLOWS 

DEPTH PER 6 IN. DESCRIPTION 
0 Dark brown silty clay 

1 - Weathered gray shale 

-
-
-

5 

-
. -

-
BOH 

9 -
Gray shale 

10 

-
-
- . 

-
. AEHA Fonn 130, 1-Ncv 82 

BORE HOLE 

" 

14 November 1989 

D. Kestner, S. Curran 

MW- 29 

REMARKS 

. 



~ EAST SYRACUSE, N.Y. 13057 •R• pawo11fritt,nc .T.EST BORING· LOG\\ FISHER ROAD 

PROJEC.T Ground Water .Monitoring Well ·.. HOLE NO. PT-17 

LOCATION Seneca Army Depot ... \ SURF. EL. 
Romulus, New York ·,,__, 

DATE STARTED 9/24/87 DATE COMPLETED 9/24/87 JOB NO. 87188 
GROUND WATER DEPTH 
WHILE DRILLING 5. O' 

N - NO. OF BLOWS TO DRIVE SAMPLER.12" W/140# HAMMER FALLING 
30" - ASTM D-1586, STANDARD PENETRATION TEST BEFORE CASING 

REMOVED 3. O' 
C - NO. OF BLOWS TO DRIVE CASING 12" WI 

"/OR - % CORE RECOVERY 

CASING TYPE - HOLLOW STEM AUGER 

wa: SAMPLE _,w 
DEPTH SAMPLE Q. fl) 

C 
DRIVE 

N 
DEPTH ::E::E RECORD 

c(=> 
WZ PER 6" 

o. 01
- 1 2/3 

2. 01 '.l /4 6 
2. 01

- 2 .. 3/6 
4. O' 7 /15 1 ~ 

s.o 4. O'- 3 4/6 
WL 6. O' 16/50-

• 3' 
6. O'- 4 so-. 41 

6. 41 

1n n R. n•- c; c;n-. U' 

8. 41 

# HAMMER FALLING 
AFTER CASING 3. O' In 
REMOVED 

SHEET 1 OF 1 

1 

STRATA! 
DESCRIPTION OF MATERIAL CHANGE 

1 

DEPTH 

TOPSOIL 1.5' 
Brown moist medium stiff SILT, fine 
to coarse SAND and fine to coarse 
GRAVEL 3. 51 

Gray moist very stiff SI LT and SHALE 
GRAVEL S. O' 
Gray wet hard silty weathered SHALE 

Augered to 11. 01 

Bottom of Boring 11. 01 

Note: Installed 2" PVC screen 9. 01
: 

to 4. 01
, 2" PVC riser to sur- '-"' 

face wW~ lockina cover. . .., 

I 



ti:liGl~t--~""""llillllf :' . 

. • /(1~~. \ 

PROJECT 

LOCATION 

US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 
(Tht proponanc of chis form it HSHB•ESJ 

39-26-0313-88 Seneca AD 

Corner of fence -Offset 

DA.TE 

DRILLERS 

18 Oct 87 

Williao P. S□ ithson 

DRILL RiG Acker AD-11 BORE HOLE Well PT-24 

SAMF LE 
TYPE 
BLOWS 

DEPTH PER 6 l tl. DESCRIPTION REMARKS 

(feet) Brown silty gravely clay and ash 

-
- 3 

3 - Shelby Ash, weathered shale 

-
4.75 -

v" 
) 

5 Tubes 
$.S: - I- - - - - - --· 

Hard shale Oi 1 slick on mud -
-
-
-

10 
BOH 

-
-
-

•. - . -

. 

--



Appendix C 
Analytical Results 

• Bold & Shade Summary Sheets for Round 1, 2, 3, and 4 groundwater sampling (April . . 

1999 to January 2000) Treatability Study for Zero Valent Iron Continuous Reactive 
Wall at the Ash Landfill 



Scm:ca Arm:,; Depot ActiYil"\ 

!\._h T.,mdlill (ir,•im(hH1tcr Rcrncdi.ition 

Round I ( h"nund\\.ilcr Sampling. 

ASH LANDFILL 
MWT-1 

GROUND WATER 
8 
8 

04/2611999 

ASH LANDFILL 
MWT-10 

GROUND WATER 
7 

ASHJc!INDFILL. A_$H_LA!"_[)~ILL . .. I J\SH LAN[)FILL I - __ AS_l-l_~!,FI_LL_ t_ ASH LANDFILL ' 

MWT-11 MWT-2 MWT-3 J MWT-4 MWT-5 
GROUND ~TER G~LI~~~~ GR9_QR[__WAT~~ ---____ ~f{Ol}_ND W~T.E~ G_~0~~9Y\JAT~ 

8 11.3 8 10 11.1 s··- 11.3---- - - .. _f -- ---1------·-10-· ·- 11.1 

04/26/19-99 04/26/1999 04/28/1999""" --- ·04,m1999 -- ·- .. 04'26/1999 . --- 04/28/1999 
!ENGH I ASH TRENCH ASH TRENCH ASH TRENCH. ASHTRENCH -- - ASH TRENCH. I ASH TRENCH ASHTREN 

TR2 002 TR2001 TR20o0. TR2008- - TR2007 TR2o04 ·- TR2009 
s A. sA iiA SA- - ···sA- ·-·· -sA-- ·SA· - -
I 
l N ..... N -N- -- -- N _______ N____ .N. 
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~ ~ ~ -~~- ➔~~~~ --~~ ~- - -F-----=--~-- --N -~--~---=--- -~~~---~ ~ -- -----~➔-- - ----==s=: 
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4 r: 4 
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U 1 U 1 U 1 U 2 U 3 U 1 U 

-:.i 
4 

·20 ·u 5 -o· ----~----ff---5--,-- 8 u 14 u 7-----, 
-----------,---- ·----,- ··-· - . --,----- -- - --·, U 0.7 J 1 U 0.7 J 0.4 J 3 U 0.9 J 4 

4 u ·1 . 1T ··-····1-·---- U ·1-·-u•- 2 u 3 u 1 ···- u-
4 

I t -~- ----=-r·~~-----H r--- ~-----}--- ~ ~ ~- -----~-+-==+ 

~.,_ ~ . ~ ~rld ~t tkt L0r ~t+-l=-!--i I t I t i I 
~;~lii;J;:;;:~. ~:- -- - ~t=- 1~: -~-1== =~l-_ ,~~~r:·%~f i ·1 t- _:--i---- c~ -- - - : ~ ; ~ , • !,~,~ ~ __ I·~f 
Iii?!~~ - --I-~--+ O¾ - -5 - - t · --t - -:it- -$-- J - -- I =--4-----:t ~ ~ ~ ~ I ❖ I --+~~t 
Methyfelhylketone -· --so· --o·-- ····o-·- 12 2ri - - U ·--···-u ·---5---- ·-u~ 5 u 8 u 14- u s --u 

I::!:==-·=- ='---+-~ -5- -- :t~= -_~=t.~. it-- =J=--~~ l _ _;=~l -~~;~1= -· ! ~ i ~- I ~ ----t~-+ 
l~enes------~--+-~~-+--~-~---_+-+----+- -¾----~--- -----{}-- ---1------[j ··---~- ~ ~r-----

0
/ ~ ; ~ ! ~ 0;3· --+ 

Trans-1,2-Dichloro,;fu~- -1.JGiL-- --- 0 -+--~i---t- 0 ·-· - -- --Q --i2- - 4 --- -· ti - U 1 U 1 U 2 U 3 U 1 -- lJ 
~~-~~_iE!:i_!O~OPrO?erie~=~~ __ UGf!._. =-~-a· 5 _ r-- --·--o-·--- --·12~-~~~~4~n-:~-=-u· ---~ ~r ---1---~ff 1 U 2 U 3 U r-·--_!-~~I 
Trichloroethene _ U~ 430 +-----+ 5 3 6 12 , "' ,"'U it'< U 1 U 1 1 J 2 J 1 U 

~y1_ch10rid~~- - ------ -~-9~- ------~---- ___ ·:f___ r --~- 12_~ j '-~ j, u .!-'- 1 ·ul---- 1 u 2 u 3 _·µ_:-=~---T -= ~ 
- -- ------ -------i---+--------i---+--------1-- ·-·-·--------1----l 

Metals 

§§Um -LIGJL- --~=·= _ . a_ _ _ __g___ 12 <>¾( ::-,,.,,J;22A,~o~ . = _ -~•w•,w<s·~~~-'.-:::; -- 102000 264000 5BOOO J= .. ~~·, _ ~~~~ l~-::ft ---i =o ;~~~ --:~:-- i" --ii·=--=~i- A',j!l!f"''-~~n\r;,iiJ''"'1
'~J---~~io ~J 6osoo" J 13000 J•~.:~,i~i\c-~~;~JIJ 

Poia--ssium ~ -· ·15100 -~ -· - - --_ 0 - -· 12- . -·12·· _ I -1460 J 1520- --- -j" 5600 ~-3-t 1860 Tj 14200 £ 
~--· ··---- ~---I- ----- -==-~= ------ -t~- ----· . ·- --c ·- - ------ - ------ f-=-:1R:~L_ 
iumerAnalytes -~UG~/L~+--2~0~-+-~7=5¾~0---+ - -0- 9 ----iz .. -1~2-· U 4.5 --4~.1~--+---,"' 20 7.1 c-+--~1~2~-+~u-i~:"'-t~•~,,~3;f

1 

~½ff;~:~-

~d~ 
Es pH··· 

--=-1 1

1

1: I 1~~~ ---:.:~1-_j ~-- , ~~I= -~ i · -~!i _ ! ~: _}L-~= ~u~ - 4;~ ~ - :_ ~l £t ~ -~ -=1~:=-
33% 10 --- ____ _Q_ _____ 4 ____ __E_ _ -- --~3_ _ +· ... ----~-- 0.3 ----~ <02 0.3 

1 
i <02 

;~~;; - ¾-- -- :~ - ---:~-- -- -- ~; -- ... -- ;~;---- - ;~; 2~ ;;; !:; I . --:~i~:--+-➔ 

---~~~ -
21 

--1, 

UG/L --12 
MG/L 11: 
MG/L 0.4 
MG/L 252 100% 
MG/L 441 100% 

·---~ 0 12 12 ---~--~ --- . 7.54 726 7.83 7.41 7.16 _l J 9.14 
•""'0 ' 12 12 --~-- - -- 1------.. 113- 280 378 107 238 l I 378 

12 12 0.01 o.o3 0.01 0.44 o.o4 o.04 _L J o.06 
,Alkalin.!!r -
Phosphate 

9.74 100% 
MG/L 378 100% 
MG/LI 0.44 100% 
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Scncc:.1 Ann~ Dcp,,t Adi'\ II~ 

A:-h l.<m<llill (iroun<l\\:11cr Rcmc<li.itinn 

R{1un<l I (iroun<l\\utcr S.irnplin~ 

ASH LANDFILL 
MWT-6 

GROUND WATER 
10.5 
10.5 

04/28/1999 

FREQUENC I NYSDEC I NUMBER ' NUMBER I NUMBER 
OF CLASS GA ABOVE OF OF 

MAXIMU I DETECTION STANDARD TAGM I DETECTS ANALYSES 

ASH TRENCH 
TR2011 

DU 

vOiati1e-Ol'Qanic Compounds 
1,1,1:TrichtorOetha"lle · · IJG/L · 0 0% 
1· ,1,2~Tetrachlo;:;eu,ane . uG/L O 0% 
"1:i,2-Trichloroethane - UG/L O 0% 
1. 1=-oicii1oroetiian~- - UG/L .. o - 0% 
f,°1~0ichlol"Oetherie-- - - l.lG/L - 0 0% 
{2.~richiOfObE!llZene \JG/L O 0% 
1,2-bibromo-3-chloi-opropane UG/L 0 0% 
1.2~0Tbromo"ethal1e·-- -- UG/L -o 0% 
1,2-Dichlorobenzen~-- _ UG/L -· _I -§% 
1,2-Dichloroethane UG/L O 0% 
1,2-0ichloropropane UGii.- 0 00/4 
1,3-Dichlorobenzene UG/L O 0% 

~Dichl~oE_enzene _ ··- _l!§!~.- _ _o ~~-
Acetone UG/L 16 42% 
Benzene -LJG/L 7i"":9 -50% 
BrofTIOchloroineiti3iie UGIL - -o 0% 
srotnooich1~rom-eih"ane UGJL ____ - o Oo;., 
Bi-OmotonTI ___ --·- .. - UG/L -o 0% 
CarborldiSUlfide. ·-. - -- UG/L - 1-. 8% 
Carbontetrach/Oride ·-·- ---· - UG1i..· - - 0 0% 

1chlorobenz~.~--- ---~~ o -·· -~ 
Chlorodibromomethane UG/L O 0% 
Chloroethane - - UG/L O o¾ 
Chloroform - -~-- - - -· UG/L · o· - 0% 

Cis-1,2-Dichloroethene UG/L · 73 83% 
Cis-1,3-0ichloropropene UG/L ---0 - - 0% 

._§_thylbenzene ·_ --···· ·--· :·-- - ~ __ -(I- __ ~-0% 
Methyl bromide UG/L 0 0% 
Methylbuty{ketone·--- l.lGIL- - -- -o --0% 

-5 

5 
5 

4.7 
-5 
5 
5 

4~7 

5 
T·-
s· 

-5 
5- -

·--s··-
50 

0 
0 

10 
0 
i, 

12 
12 
12 
12 
12 
12 
12 
12 

. 12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

·12 
. 12 

N 
1 
1 
1 

1 
1 
1 
6 

0.7 

1 
1 
3 
1 
j 

1 

I~ 
u 
u 
u 
iJ 
u 
u 
u 

[~ 
u 
u 
u 
u 
u 
u .. 
u 
u 
Li 

u 
u 
u 
u 
iJ 
u Methyl chlonde } 1-UG/L. - . - ·o- 0% 

Methyl ethyl ketone UG/L - - - o· 0% 

~=~{t:~;i~~ -0 -=- -D!{ ~- --~~ 
Styrene UG/L O 0% 
Tetrachloroethene - - --- -- UG/L - -a - -0% 
Toluene UG/L 0.7 17% 
TotalXylenes ----- f UG/L- ·c)·· i:w~ 
Tra~s-1,2-Dichloroethene · · · UG/L · 0 0% 

_T_ranS.-1.3-0ichlorop.r~p. ene ~. ~U.G/L. -- - 0 ~ .. 0~ 
Trichloroethene UG/L 430 50% 
Vinyl chloride - UG/L O - 0% 

. 5 

5 
- 5-
-T--

5 
- 5 
- 5 

2 

0 
0 
ii 
0 
ii 
6 
i o· 
0 ·o 
i, 
0 
0 
i, 
() 
0. 

i, 
0 ·o-
o .. o-
3 --o 

0 
0 

i, 
0 

-i 
o· 

12 
12 
12 
12 
12 
ii 
12 
12 
12 
12 
12 
Ti 
12 
12- I ll 

Metals 
CalciurTl 
iron·--·-
Magnesium 
Manganese 

-•--lft~ 
PotaSSil.lm ~ ________ _ 

UG/L j 6260 
iJG1Cr15100 

·- -----+-----

100% 
·100% 

100% 
100% 
100% 

300 

360 

0 
9 a· 
5 
0 

12 
12 
12 
12 
12 

12 
- 12 

12-
12 
12 

other Analytes ~~~=·=--~~-.==~-- ·--~- _---~ _~-=1~.. %~: -· -~ -_L -~~ 

~·---------- MG/L 441 100% _ ___Q__~ ___ _g___ ___g_ 
pH 9.74 100% 0 12 12 

44000 -----

' ,'.?'":~fil'r~B\~ -s 
4970 
169 

2080 

-9.4 -
13 
BJ. 
108- --

<0.2 --
+· ---- ·24.6 ---

]~ --
8.81 -~ --23-

i~-=-=~=~=-~-~ -~ ~~ !---10 1- -1:1~· :_.! __ -
Alkalinity MG/L 378 100% 0 12 12 
Phosphate MG/L 0.44 1000/4 -- -- -0~ ---12 -- ~1~2~-t--- 0.05 
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ASH LANDFILL 
MWT-6 

GROUND WATER 
10.5 
10.5 

04/2811999 
ASH TRENCH 

TR2006 
SA 

" 

1 
5 
0.7 

1 
i 
f 
1 
1· 

-T 
3 
1 
·1 

·-1· 
5 
i 
5 

·s 
2 
·1· 
i 
T 

- 1· 
-·-1· 

i 
j 
·1 

43a·oo 
244 
4920 
170 
1910 

12 
-2:1-·-

z:s-
113 

- <02 -

252 

219 
8.72 

-~-
----~-

u 
u 
Li 
u 
u 
iJ 
·u· 
u 
u 
t.i 
iJ 
ij 
iJ 

J 
iJ 
u 
u 
u 
iJ 
(j 
(j 

ASH LANDFILL 
MWT-7 . 

GROUND WATER 

11.5 
11.5 

04/2.7/1999 
ASH TRENCH 

TR2003 
SA 
N 
22 
22 
22 
22 

u 
u 
D 
iJ 

. ASH-LANDFILL 

M\NT-8 
GROUNDWATER 

11.58 
11.58 

04/28/1999 
ASH-TRENCH 

TR2010 
-SA 

N -1--
1 
1 
f 

ii 
Li -u 
u 

- ASH LANDFILL 

MWT-9 
GROUND WATER 
-- 12.14· 

12.14 
04/27/1999 

ASH TRENCH 
TR:2005 

sA 
N ·2. 
2 
2 
2 

u 
u 
iT 
t.i 

I ttJ i h.J 
22 U 1 2 U 22· __ 1___ 2 --- -IT 
ii -··- -- T 2---- IT 
22 - ---- --- ~- -u 
110-- - -- u 11 ___ -- -u 
22 u 2--·-- Li 
22 ·u 1 --z -- u-
22· u - 2--· IT 
ti D -2 iJ 
22------- .tT --··z·---- -u 
22 ·· ·u· -~2- u 
22---- u ----· 2 u 

-22 --- u 1 ---·- --

~ /:: 3 J'"!!!:1~:ill i == 1- ·=---
·-+-"'-1--~-"~---l-u· 

iJ 
u 
i.f 
u 
Li 
!L 
u 
u 
u 
iJ 
u 
u 
iJ-

j. 
.J 

T 

u 
iJ 
i.i 

22 U 1 
110 ff ----5 

i-·-1i -~~X- -•• 
~--
22 
22 
22 

122~-
22f_=:_-__ 

14300 
22:S 
2030 

3.6 

~~--)~-
141 :::-:--
0.4 
8.7 433 __ _ 

7.17 
304 
0.02 

13 
13 
8 -~s· -

u 

-c#=--~ =+t 
2 U 

~ 
2 

<02 -- - -+--+~-~ 

7.6 8.3 
145 I 174 
9.74 7.84 
378 97 

026 0.03 
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UNIT 

FREQUENCY! NYSDEC 
OF- . CLASS GA 

MAXIMUM I DETECTION STANDARD 
Volatile OrQ3:0iC-compOundS 

1.'f!ffri_~1~~~~~~~~~- __ t.f_q_/L- t_ ____ o ____ _ a% __ 

~:~j~;~~r:~~~hane ___ __ ~~~-4 ___ ~ __ ·: _ -~~---_ 
1,1-Dichloroethane UG/L -f 0.7 9% 
1.1-Dichloroeihene UG/L -() - - 0% -
L~~TKcfu~~'§_':!1-~ -UG/L- _ --a··___ ·-0% --~-

5 

5-
5 
5 

~-oibromC?-3-chloropropane _____ UG/L ~ ___ 0% ____ _ 

Hi~:~::~~~~e ----·- -~~~ ------ ~ --- --- ~~ - 4.7 

11,2-D1chloroethane -- ---UG!L- --- 0- 0% :t·. 5-

NUMBER 
ABOVE 
TAGM 

NUMBER I NUMBER l 
OF OF 

DETECTS ANALYSES 

1 
0 

- 0 

0 
0 
a 
a 
0 
fi 
0 
(l- o· 

- •- tf 

11 
11 
11 
11 
11 
11 
11 
{1 
11 · 

11 
11· 

Seneca Army Depot A.cli\ it~ 
Ash Landritl Groundwater Remediation 

Round 2 Groundwater Sampling 

ASH LANDFILL 
Mwf-1 

.GROUNDWATER 
8.1 
8.1 

06/29/1999 
ASH TRENCH 

TR2023 
SA 
N 
2 
2 
2 
2 
2 
2 
2 
2 

-2 

UJ 
u 
iJ 
iJ 
u 
u 

-u 
iJ 
u 
uJ 
LI 
u 

ASH LANDFILL 
MWt-10 

GROUNDWATER 
7 
i 

06/29/1999 
ASH TRENCH 

TR2020 
SA 
N 

f 

·uJ 

u 
u 
u 
u -u 
u 

ASH LANDFILL 
MWt:11 

GRC>UND.WATER 
iS 
9.5 

06/29/1999 
ASffTRENCH 

TR2029 
SA 
N 

1 _i __ _ 

U 1 -u - -----i 
UJ 1 . 0 -- ---1 
U . 1 

UJ 
u 
u 
u 

ASH LANDFILL 
.. ····----

MWT-2 
GROUNDWATER 

8 --
8 

06/29ii"999 
ASH TRENCH 

·m202i 
SA
N. 
i
T--

ASH LANDFILL 
MWT~ -

'GRouND WATER ·--------
8 ______ 8 __ _ 

06129/1999 
ASH TRENCH 
--rn2022· 

- sA -
N 

LJJ -u 
u-r--· 

---~--=r ~J __ _ 

·u- u 
u 

ASH LANDFILL 
.. MW'r-4 

GROUNDWATER 
10 
10 

06/29/1999 
ASH TRENCH 

TR2025 
sA 
N 
4 
4 
4 

-r¥l1 
[u-u

t t- -1-- ~ - l ~ : +{y-

LJ---1---t t--u-
u 

u· - ·1·------ u· 1 u 4 +--u-
uJ ____ --·· j_ UJ 1 UJ 4 -~~-~--~-~ YJ 
U 1 U 1 U 4 U ;= ~~~s- r~.~1- ~, o 

0 
ii 
0 
~ 
0 

-0 

0 
t- -0 

-+--·-w· 
4 

11 
11 
11 
11 
11 
11 
1·1 

2 
2 
2 
2 
4 
2 
2· 
·2 

2 
2 

-2 

'-' :; 
iJ 
u 
u 
u 
jj 

i 
·3 
-0.9 
T 

·u-· ··-1-

-tf: --~- t=---I--l~ l ~ -~ ~:~-~: =~-
u 0.6 J 1 U 4 U 

Bromochloromethane UG/L O 0% 
BrOni0dichiorOITlethal1e --iiGiL- o 0% ·----- ----·- -- ----- --···- ---- ---- ---~ 
Bromofonn UG/L o 0% 
CarbOri.disumdB --· -- -ITG/l..-- .. ··o---- 0% 
CirbontetractiJoride- - UG/L o . 0% -- . 5 -- -

0 
- -0 

0 
ij 

0 - -0 
jj 

0 
Chlorobenzene UG/L 1-- O - 0% 5 O O 
Chlorodibromomethane UG/L 0 0% -(l -0- -
Ciiioroeiirane-·--···-·- ------ UG/L o 0% 5 --· □---- ----□---

Chlorofonn UG/L O 0% 7 --a-· - 0 
Cis-1,2-Dichloroethene UG/L 150 91% 5- -·g ·-·10-
Cis--1,3-Dichloropropene UG/L o 0% s o o 
Ethyl benzene---- -·· --- -UG/L 0 0% ·---··5 0 - --Q 
Methylbromicie-- -·- ·- -- uG/L o a% ·-·--·· -· ·-o·- -o· 
Methyl butyl ketone UGJL 0 0% - --0 - --□ 

~fi~~~--- -----~- _ 1~ __ ~~-----ta---- ~-~-- ~~-~~-r 
Methyl isobutyl ketone UG/L 0 0% 0 0 
Methy{ell"e-ch1oride - -- - UG/L 0 .-- -~- 5 a-· 0 

~::~~loro~~~n~ ··- -----~~~ ~ ~~ -- -~=--~----~ -f- -- -~- · 
Toluene--·--- · - ·· · --- - -rJGil" 0 0% --·-5·- -
TotalXylenes __ ···- UG/L 0 ______ 0% _____ __§__ -+· 

Trans-1,2-Dichloroethene UGJL 0 0% 5 
Trans-1,3-Dichloropropene UG/L 0 0% 5 
Trichloroethene - UG/L 530 -- 45% +-- 5 

·'{i_nYl~rid·e·· -- f-~~- = __ 1 ____ _E~---=---=-~----

0 
0 
0 
0 
3 
0 

~ 
0 - CJ-

5 
3 

Metals 
GalciUITI . 
Iron --- -

1&~-~~~~ 
Manganese 
PotiSSium· 

+--~=--+-·--:-1~t~I~~l;= l ! Ff: 

11 
-ii u 

11 i li 
=11.1_2_ I 
11 2 

::.~f- ~ _l;'.;;;i; •_"k''.)Th\;t;}lif: .-.-·. 
11 2 U 
1i - -2 - u 
11 -- 2 u· 
11 
11 
'ti 
11 
11 

-ii 
ff 
11 
11 
fi 
11 
11 
ii 

8 
2 
8 

-8 
3 
i 
2 __ T __ _ 

2 
2 

UJ 
-DJ 
u 
u -u 
u 
u 
u 
u 

i 
-1 

i 
T 
·1 
f --, 

0.7 T. 
i 

1 

14 
5 
2-
1 
1 
1 -1-- -
i 
1 
1 
i 

·u- --1 ~-u-~- ______ 1 ____ ·u-· 1 u 4 - --.r-
u i ···u.--· ·:r-- ff. -·-·--·-·1 u 4 -------u-
u - ----1 
u -i 

u· 1 u 1 u 4 u-·u·· 1--- -LT ___ 1 ____ ll ___ --4-- _,__u 
--iT -1 -u -- 1 U 1 U 4 U 
·u 

~-+--- :-----
·u 1 u 1 LI 4 ·u 
·u 1 ·u 1 u 4 ~ 

U 1 I U 1 U 4 I U----1 
u U 1 U 1 U 4 U 

u 

u -

lil-::=~t-~:___ ~ i ~ : ~ : :::-=i~; 
UJ I ---T~~- UJ 5 UJ 5 UJ 21 --=~ 
UJ 1 W 1 W 1 W 4 W 

5 - u 7 5 21 ------~u 

11--.1= r-=1-T l 1 l =i 
-~- -- ---}- ---- -¾ -- ~ ~ ~ ~ 1 ------¾-I 

U 1 U 1 U 1 U 4 U 
u 
u 

-- U 1 U 0.8 J 2 ----~+-J-

u 1 U 1 U 4 t---~ 

11 
-11-

ii 
'ti 
11 

120000 
133 

13000 
:ii 

1590 ' 'itjJjtjffl~ ' :~ t= 
Other Analyses 
Methane - ---
Ethane

Ethene 
Sulfate 
~itraie - . 

-UGIL-=: 310---:t: ___ 90% _-::'-:_:-=~-=1 I =~ i·- ~ _14 ~-- r :_63- r=--- 5.4 =--r;:r:~-=w:: 1:_1 180 1 --1--12:::::::J__'cl_ 

-=!-~it~=~!t:: ~--~=l -t :=--t :- .l.•. -_½\ I 
1 
_ 1 i! l " !- P-H-

TII~~~-- ____ --=----~~ ~ :~: -- -----+--_i :':-=: ~ft = :!:; ¥ ~:!=I I fil ! , J ~ 
pH 9.5 100% 0 11 11 7.19 8.43 7.36 I I 9 I Alkalinity ·- -- MG/L 288 100% o· -- 11 - - 11 . -- 264 .. 65 280 ,4 

' u 
8 

72 
~ 

5 
1 
a 

-~ 

17 Phosphate-· MG/L 0.17 73%-,- 0 --,- 8 I 11 I - <0.01 I I 0.02 0.03 I -r 0. 
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Seneca Arm~ Depot Acth·it~ 
Ash Landfill Gronnd\\aler Remediation 

Round 2 Groundwater Sampling. 

ASHLANDFJLL 
MWT-5 

GROUNDWATER 
10 
10 

06/2911999 

FRE~_U.ENCY/ NYSDEc / NU_MB-ER / NUMBER / NUMBER / ASH TRENCH 
OF CLASS GA ABOVE OF OF TR2024 

UNIT I MAXIMUM I DETECTION ISTANDARDI TAGM I DETECTS IANALYSESI SA 
Volatile 6rganiC-C01"Jlpounds 
1,1,1-TnChtOrOeiharie". . - OGiL 0% 
1.1-,2,.2-Tetrachloroethane 
1, 1,2-Trichloroethane 
1 :1-Dichloroef:hane 
-i, 1-0ichlorciethene
,-~2.4-Trichlorobeniene 
1,2-i:>ibromo-3-chloropropane 
1,2-Dibromoethane - · ·-- · 

-1~:t;~{7
. -1·· -~ 

UG/L f O 0% 

1,2-Dichlorobenzene 
1,2-Dichloroethane 

~~hloropropa~~--
1,3-Dichlorobenzene 
1,4-Dichiorobenzene 
Acetone 

0 ~ 0% 
+---~~~ - --~r-- ---:----

UG/L_L _o_ --~~ 

UG/L 

UG/L 
UG/L 
UG/L-

Benzene UG/L 
BromoChloromethane UG/L 

0 
"ii 
140 
0~9 

8i-OITiodiChi011)rrieihi:liie UG/L o 
BrOm"ofOITll~-- - - UG!L ---o-

~~On disulfide- - - -)!GIL _ ~--
Carbon tetrachloride UG/L o 
c1i1orobenzene - --- - ·· uGiL · -·- ··-o-
ch1oroc:1ibromomethane UG/L a 
Chloroethane . UGJL 0 

1 

Chloroform UG/L O 
Cis-1,2-Dichloroethene UG/L 150 
Cis-1,3-Dichloropropene "l..JGJC -·-o 
Ethyl benzene · --+-~=-+--0 
Methyl bromide 0 
Methyl butyl ketone UG/L ·--0 
Methyl ch!Clride UG/L - o · 
Methyl ethyl ketone UG/L - -14 

~ethyl isobutyl ketone _ ___ _ __UG/L ... _____ 0 _ 
Methylene chloride UG/L 0 
·styrene - UG/L a 
Tetrachloroethene UG/L O . 
Toluene - · UG/L O 

Tot31 Xyl'enes UG/L 0 
TranS-1,2-Dichloroethene - UG/L 0 
Trans-1,3-DichloroprOpene UG/L · o 
Trichloroethene - · UG/L 530 

Yif!Yl chloride 

Metals 
Calcium 
Iron 
Magnesium 
MariQan"eSe 
POiaSSiUrri 

UG/L 1 

UG/L 
uGii:. 
UG/L 
Di;K.-
ooli. 

158000 
14100 
18300 
·12ao 
12300 

0%. 

91% 
36% 
0% 
0% 
0% 
if% 
Q0/4 --

0% 
0% ---0%. -

-0%--
91% 
0% 
0% 
0% 

·-- 0% -

0% 
--27% -

"0%" 
--0%--

0% 
0% --0%-- -

0% 
--0%-

0% 
45% 
27% 

100% 
+---jOOo/~---

100% 
-100% -
100% 

Other Analyses 
Methariei --- -- -UG/L - --310 90% 

Ethane· 

Stierle 
SUifate 
Nitrate 

-- .T ~~~ --- -~ci- -- -- -~~~ --
MG/L 163 -100% 
MG/L -□.6 - 18%-

5 
5 

4.7 ·s 
5-

5 
4.7 

5 
5 

5 
7 
5 
5 
5 

5 
sii 

5 

5 
5 
5 
i; 
s-· 
5 
2 

300 

300 

. 0 
0 
0 

0 
() 

6 
0 
0 
0 
0 
0 

6 
0 
6 
0 
9 

-ii 
"ci 
6 
o 
6 
0 
ii 
0 
0 
0 

6 
0 
2 
ii 

0 
jj 

0 
- 0 

0 
o· 

10 
4 
6 
0 

o· 
0 
0 
0 ii. -
10 
0 
Q_ 
0 
0 
0 

0 a· 
·o 
6 
ci 
6 

·11 
ii. 
1·1 

11 
11 

9 
i 
g· 
11 
2 

11 
11 
11 
11 
11 
i1 
11 
11 
11 
11 
11 
·11 

11 
1i 
11 
11 
11 
11 
11 
11 
i1 
11 
11 
i1 
11 
ff 
i1 
11 
i1 
11 
ii 
11 
11 
11 
11 
f-i 
i1 
11 
11 
11 
11 

fr 
ii 
11 · ,1 

··11 

10 
10 

· 10 

11 

N 

0.7 

0.8 
1 

i 

·1 
·1 

:fosoo 
207 
1520□-
.49.B 
1410 

41 
13 
is 

95.1 
<0.2 

UJ 
u 

·u 
J 
u 
u 
u 
·u 
u 

UJ 

ASH LANDFILL 
MWT-6 

GROUNDWATER 
10 
10 

06/29/1999 
ASHi"RENCH 

TR2028 
SA 
N 

1 
i 
i 

ASH LANDFILL 
MWr-7 

GROUNDWATER 
10 
10 

06/29/1999 
ASH TRENCH 

TR2026 
SA 
N 

ASH_ l;',i'IQFl!-1,_ l· I ASH_½NDFILL 

GRO~~ATEF< _ +GRa~iATER 
10 12 
10· 

06/29/1999 
ASH TRENCH 

TR2030 
SA 
N 

12 .L oo_:12§i1999 
ASH TRENCH 

TR2027 
SA 
N 

W ~ ill i W 8 W 
u 3i ·"u- r--- ·u a D 
u 3T ·u 2 u ---8 i.J 
u 31 - ·u :f ------ u - s -u 

-u-- 31 Lr ·2 ···--·- -- ·-s· u 
u 31· ··u - a ·u 

·-u 31 ---- ·o· ~---+--~ · a u 
u ·,ff "(f "jj i_j" 
u s1 - -u 2 a· u 
uJ 31--- uJ --- 2- - a ··w 

o , ··u - 3i - ·u - - -ff 
u 1- U 31_______ -u 8 U 
u i - Li 31 ·7:r 2 -----jj D 
J 3 J 140 J "4 -+--~+-- 24 j" 
J 0.1· J- ·31--- -tT 2~- u ---a u· 
u ;· ·· - ··u- -3i-- ·u T- u ;r u 
u 1 u 31 u 2 -ff a· u u i ·u ·31· u -- -- u 8 u 
u i i.J :11 iT ··-·a i.J 
u i - ·u · 31 - a· - u 
u 1 u 31 --·-a u 
D -,--------·-u 31 8 ···u 
Li -, -- - - u - .. 31----- 8 ff 
i.J _1 ____ U -- 31 --- -----

Q - ''01~'~ ;·~!:·~:rr:fr~E ~iL--~~\~:~:~~:i~iE¼m -:·-
u 1 U ~ 2 8 U u i -u· - sf- ·· ··2·- -a· ·-u-
!Jj 5 °[JJ . 160 ··- .. ---- -t]J 
·uj 1 ·uJ - -31 · ·u::1 
·u s- - u- -- --i6o·~--- u 42 ·u 
u s· u· ·,so-· s ·----- ··u·· -----12 u 
·u 2 u - - 6'3"-- · · T---- ··u· -11 · · u 
u i u· · ---- 2··----- - o ---- a··- u 
u , · u 31 ··2· --- u _8 _____ · u· 

·o T Tf -- __ Ji"___ 2 u 8 -ff 
·u 1 ··u- ·---~- 2 u 8 u· 

0.7 

39700 
145 

6270 
240 

! l '. ~~;;:;~!~~~ 
1780 

5.8 
11 

------t-----------j----t------ -

62 18 
·--+-------- 18 ---t--t- 13 

_ 18 124. ---/- -+--
20 -------· 

88.6 103 
0.6 <02 -·- -<0.2 

~E._e__ 31.7 _ 100% _ 
~- MG/L sn 100%- U--- -1f-i· l: □- -- - -11 ··· - 11 

---=r ~ __ ----¥-- --H 

_31.3 ___ _ 

233 --· 1T 

86.2 . 

<0.2 
"29_9-

-·-·1t=~ 12.5 
531 J 

14.6 '.__ 

194 
.-+-~ 35(" 

pH ---· 9.5 100% 
Alkalin!!!_ ·- - MG/L 288 -100% ___ _ 
Phosphate j MG/L I 0.17 73% 
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____ 9.5 __ _ 
··13--

0.03 0.03 

7.06 
288 
<.01 

9.22 
46 

0.02 

7.34 
184 
0.02 



S<.'11t!Ca Am1y lkpo! Acti\·i1~ 

A!<l1 Landfill Trcatihiht~ Stud~ 

Cirmmd\\atcr Anuly!ci~ - Round 3 

ASH LANDFILL ASHf:-AN~F1LL 
MWT-1 

GROUND WATER 
9 

MWT-11 
ASlj~N~~ILL 

MWT-10 -MWf-:.2 ·-·· - -MWT~3 . . -····MWT-4 -· - - . MWT-4 - --ASH LANDFILL ASH LANDFILL ASH LANDFILL t ~ ASH LANDFILL t 
,i 

09/28/1999 
ASH TRENCH 

TR2046 

-GROUND WATER 
0 

GROUND WATER 
8 

_GRqq~~!'-W~ . GRouNQ_WATER G.~9.~~Q__~~~r-. _G~~1:!.NA w~TE~. _ 

:~ 1+ - } -j.- ! :~ 

MAXiMU 
Volatile Organic Compounds 

FREQUENCYt NYSOEC 
. OF ·cLAsS GA 

D_ET~CTiOfi SjA~oAFfo 

NUMBER 
ABOVE 
TAGM 

NUMBER I NUMBER 
OF OF SA 

DETECTS I ANALYSES N 

09/29/1999 
ASH TRENCH 

TR2050 
SA 
N 

09/28/1999 
ASH TRENCH 

TR2049 
SA 

TR2041 TR2042 TR2051 TR2043 
SA - ~ -~ - SA 
N- -N .. -N - . . . -N 

... ·- - --- -

l:~111~~!~:ha~e __ -· -=~t-- ] · l~~~~~- - -~~ 0 

0 

14 
14 
14 
14 
14 
14 
14 
14 
14 

u 
u 

j~~B~t~-- -_Aj!~.~~H ·-.~~.
91

~~.

9

c.

9 
8~ .. - -.. -- i ~ A{\'r~[.ba 

u·· 1- u ----3·-- lT 3 u 
U 1 U 3 U 3 U 

1.1,2-Trichloroethane UG/L 5 14% ·o· 2 ~. .I.! Li- -----1 ---·--·-·u-- ---·3- -u -3 ---- ·u· 
(i..01chrOi-oethane- - UG/L o-:s-- 1-4% .... ·5 _2 1 u 

u 
u 1 --1-

-u- --~- - IJ -·-·-·--~--·- -u -----3-- LJ 
1, 1-Dichloroethene - UG/L O 0% 5 0 i- ·u ·u- 1 LI ---3--- -u- ___ a____ u 
1~~rric:-hiorobenzerie·· UGIL - -5 - ·· -- - -- · -- - a· 1 

1 
1 

1 
1 
1 

u 
LI 

u u 1 ----.,--- IT ·-----3--- ·u·· ----··-':3-- ·- -· ·u-
~2.-Dibromo-3-chloropropane - --lJG/L ·- -- ·o· - ___ J) 0 

_j 
u 
ff 
u-

1 ·u -· · · -··- ------· -- u 3 u 3 ---- --,.i"-
1,2-Dibromoethane ------ - uG/l..·-- 5· - 14% 0 
1,2-0ichlorobenzene UG/L O - 0% . - Q_ 0 

u 
u u~ 

1 u ~--f--'--,- 1 u 3 u 3 --u 1·--- u· 1 -·---,---··· u s u s u 
12--0ichloroethane UG/L 5 ~14~%~--+-~· 0 2 14 

14-

--, u 
u 
ii 
u 
UJ ·u 

1 u -1 1 u 3 u 3 u 
.1.2-Dichloropropane UG/L 5 - · 14% 5 __.?_._ 
1,3-0ichlorobenzene UG/L O 0% 5 O 0 
1µichlorobenzene - UG/L . --4~ 14% 4.7 ---Q--

0 

14 
14 

·1~~-
_ 1_ 

5 

iJ .. ff 
u 

·1 -U- ·- .. :,· 1 L ···-··-··--

-=E~-=-- ~±~ · ~ ~ I ~ _±i· -~--
J 

J 

15 UJ I 6 I I 5 I UJ ~one 
Benzene 
Bromochloromethane 
Bromodichloromethane 

1_ i==-1 
Bromofol"!T1-- ---- +----c~+-~=7'- 0 
CarbOl1dis~·.,---··· - +--=,---,-~-+ ·o· 

2 
1 
7 

- _Q_ 

!i 
14 

··14· 
14 
1-4--
14 
14 

1 -,-
1· 

~~ 
u 
·u 
.iJ 
u 
"ff 

i 
:~· 
1 
1 
1 
1 
1 
1 

lJ 
u 
u 
u -1~-~~ il ~--T-=- u --t : } ; : ~ ; : ~ , ___ 

1_ -· 
1 

- '--, 
Garbon tetrachloride ---- 0 
Chlorobenzene -- __Q_ -- 14··- f 

1_ 
·u _LI__ 
u -· _ _!_ ~-- u 

·1----- u 1 u I 1 .. LJ 
__ 1 --·--- u 1 u I 1 11 ' J 

' J 

' 
~~:~::;methaae ~: ~ - ~~ -+-+- =-~* ---t--~-i---t~ :-~~--t~- ~=t=--~ t -- ---t==~-+- i I ~ I i ! ~ 
Cis-1,2-Dichloroethene UG/L 40 86% 5 ~~ ____ '!?_. ___ .____!!__ __ .l~~~,#i~··---·.---__!__--·.~-········."----%+_06 IJI 2 Ii 
Cis-1,3-Dichloropropene UG/L 5 14% 5 O 2 14 1 U 1 U 1 ---5-f- 1 U 1 U 

--,-- ;/;i~@W~i; 

Ethylbenzene UG/L O 0% 5 --0- -·o·--- . -14. ·1- -u -----1 -··-·- - - 1··-- u· 1 I u I 1 I t 
Methyl br-omide UG/l O 0% -· o·- ·-- -· -o-- --- -i4""- --1 - UJ 1 1------· -w -- - 1 UJ 1 
Methyl butyl ketone UG/L O 0% 0 -- · o···· -· --14-- ·5 . ·u· .. 5 . -- . -·5 - --LJ i---- 5 U 5 l 

~*~~~. ~~ ~ -~· s5o ---~-··- -----i~- - i:--:- ··1 ·· -g; ·----~- --~➔ =: ___ . --0+- --- ~ iJ ~ ~ : 

J 

--Th~ 
3 

--14 

~~ylis~~lketo!)~------· .. UG/l _ 0 0% ___ . .f- --~~--:I_~ __ .. R___ -t _}T~ -~:~~- - - -----~-5----=~·· U - -· 5 U 5 U I ---,.-
--6 

J ~~~::-~E~_= ______ i~ ~ ~: 5 =·f --;_-- ---Jt---- ·-j" ~-"D_ ~-j--·- ···-- t==- -tc----~~-~---- ~ ~ ~J 
Tetrachloroethene UG/L 5 14% 5 O 2 14 1 U 1 U 1 U 1 U 3 U 
!~~uene UG/L 0.3 14% 5 ---0 ·-1 - ~-~~--.~~ ------.,--- -- ~ ·~-_:__-·o.3_~---- _ _±_ 0.2 J 1 U 3 U 

TotalXyrenes UG/L O 0% 5 ___ ~.-~----.:!i_ ________ ..:!_ __ . ~+---~--+-~+-· ___ _!_ ____ U 1 U 1 U 3 U 
'Trans-1.2-Dichloroethene UG/L O 0% 5 O .. _ ·--· ..Q__ ______ _________!±_ __ _ __ "!____ _ .. .!:!__ _"!____ U 1 U 1 U 3 U 

UJ 
14 u 
3 UJ 

14 UJ 
14 u 
6 u 
3 I u 

u 
ir 
u 
u 
ir ."!~~~:~~i.~~~p~_p~ne UG/L O 0% 5 0 ___ _Q_._ ... .:!.'!__ _ _ 1 ~- . ____ _!__ ___ ~c----- ~-- U 1 U 3 U 

Trichloroethene UG/L 480 29% 5 2 4 14 2 U 1 U 1 U 1 U 3 U I U ., 
YJTly!chfo~~=~~-=: .. _ .. _____ uG/L ____ 4 14% 2 1-z- ___ ~--I_~-i-----~~--- --1-- -----g- ·-·~_:·~-I~.:~~-=-~- 1 u 1 u 3 u 

,, 
~-------------+----f-----+-----+----1-------- - - ------ ----
Metals 
Gaiciu~ UG/L 158000 100% -·- - -o · _ 12 -12· -- -·· 117000 -j . - 7610 --- __ j____ 20000 Lu 146000 T J 90100 J 90100 

~- :~-~ ~ l~5t~!.••• I E!~.~.~Q '. ,, ·~;~ ;~ =!- .. ~ ~:, 
Ethane UG/L 7.4 33% O 4 12 2.1 U 2.1 U 2.1 2.1 U 2 
§°hene -- UG/L 15 25% -- ~-- 3- - 12 - -2.S- u· 2._5· ·u- -2.5 --· U 25 U 2 
Sulfate___ --------~fl···--m- 100% -- ---"a --12 -- -·12--- 4ii3. ·ga --- -e- 0.4··- -- 58.7 71 c:H u 

.4 

.~~~~-~ ·----- ·-- MG/L 0.4 42% .~Q_. ---~ _ l---··-·5·-·:_ --~--- ·it ___ -- ]:L_:-=: _-<O.~ - _ <O~~~- -- - <( l 
Chloride . MG/L 26 100% 0 12 12 10.9 14.5 8.4 11.2 1'. _9 ms··- ---- MG/l -··~ 100% ·-o· ·12---- -·-··12 -- · 332··· -- -~-- · ··- -3a-- 121 3: 

" pH ---~---gy--·-100%-·-···-· -·---··o·· ·-12- ·-12--·-·-72.7- ---·1.03 9.7 ···g.·1s·-·1 1 
Alkali~---- - - ---- ~-+--· 426 100% 0 1-----12---- - 12 254 -~ ---- 26 34 11 

!Phosphate -==~~ MG/l ··~- · 92% O - ~-11-- --12- ~==-0..:~ .. =~- ·-·-- -·-= 13 -:._~~~- - --o.os--·- 0.09 0. 
Ferrous Iron MG/L 255 100% 0 4 4 255 
H---- -·--- - nM/L >50 ·-·-"""' -· -----·-t--

5 
ta 

)5 

<L9 
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FREauE.Ncvl NYs"oEC I NUMBER 
oF cLASs GA ABOVE 

MAXIMU 1 DETECT10N "STANDARD TAGM 
Volatile Organic Compounds 
_:1_.1.~-Trich.loI._~!fl.3ne" - - _YG[L 

1.~~.~~'Erachlo_!'?ethane _ --1- .~~~--
1,1,2-Trichloroethane UG/L 
"-i.1-Dich10roeth-ane·· -- - UGIL 

1, 1-Dichloroethene 

1~~I~ichJorobenzene 
UG/L 
UG/L 

0 ·s. 
Q}._ 

0 - 5 -
0 
5 
0 ·--5·-

_q~--- -
0% 

_ _!~_ 

Jf, 
14% --- 5----+-

1,3-Dichlorobenzene UG/L 0 0% 5 

1.2-Dibromo-3-chloropropane f UG/L 

i:il.ifilg§J~;. -~~-in f-=_j__ _!_~.~~- __ §._~ 

i! :1~11 w ;- J 
Chloroethane -- --- ~-. UG/L- --u-- 5 o· 
chi~~f~rm .. ·uG/l..- Cl - 7- . 
Cis-1,2-Dichforoethen9: .• UG/L . 4Q-- 86% 5·-·-· - . 
CiS-1.-i-Dichloropropene ··-uGii.. · · ---s ·14%·- --- s~ o 
Ethyl benzene - - UG/L 0 0% 5 0 
Met~Y1br0-rnide_ ·--u~/L ·-··o· ··0%·-_ -- --~o--
MElthY1 buiylketon-e . UGii. . o· -0%-- - -- . Cl 
Methylch10i-ide -· - - UG/L - - 0 - a"%""- --5--· - - ··o 
MethylithyTketone· -UG/L -- __ O - - - q0~ -- • 

Melhylisobutylketooe uiaii: - ·o- 0%-i~ 50 0 

0 

~:= ·~ Ttf tTll Toluene 
Total Xylenes 
T rans-1~2=Dichloroethene 
Traris-1,3-0ichloropropene 
Trichi0i-oeth·en8 . 

Vinyl ch10rid~ -~-G~ 

Metals 
calcium 
Iron 

~ag~esium 
Mallgallese 
Potassi\Jm -

Other Analyses_ 
·Methane - -

Ethane 
Ettierie 
SU1r8te 

Nitrate 

--·--t-------- ... -------

-_dt(1i~r _-ii-~--~~-J --•I -J~:.~ '~- ::-1 = + 1.--

.~ L_f!_l ~~H 
10 

r 

Seneca Anny Ocp11! Actit"it~ 

Ash I .an<l!i\! Trcatibiht~ Study 
(iroundwalcr Analysis- Round> 

ASH LANDFILL 
MWT-4 

GROUND WATER 
11 
11 

09/29/1999 
ASH TRENCH 

NUMBER I NUMBER I TR2o43MS 
OF OF SA 

DETECTS ANALYSES N 

0 

i 
1 
7 

2 
f-

12 
2 ·a 
6 

?. - . 
2 

·12 

~2 
12 

1~ 
12 

12 
4 

3 

i2 

5 

M 
M 
M 
M 
~ 
M 
M 
M 
14 
H 
M 
M 
~ 
14 

.~ 

M 
M 
M 
~ 
~ 
~ 
14 
~--
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

- 14 
14 

. 14 

14 

12 -
12 
12 
12 
12 

~? 
12 
12 
12 

1[ 

4 
2·· 

1 

1 
1 

~-
1 
5 
-5 

1 
5 
1 
1 
1 --:, 
5 

ASH LANDFILL 
MWT-4 

GROUND WATER 

u 
u 
u 
u 

0 

u 

·u 

0 
u 

u 
u 
~-. 

u 
u 
u 
u 
u 
u 
u 
u 

u 
u 
'0 
u-t--

11 
11 

09/29/1999 
ASH TRENCH 
TR2043MSD 

SA 

1 
5 

--~ 

4 
5 

u 
u 

u 
u 

u 

u 

·~ 

u 
u 

u 

u· 
u 
Li 
u 
u 
IJ 
u 
·u 

u 
·u 
-u 

Chloride 

TDS 
pH 
Aikaliriity 
Phosphate 

~~~-~~" 
H 

;¾,_· Jt£[ 
--f-',~M/L'c >50 

12 

12 
·12··-

*=r-
. - 4 _ _[ - - . --

---+--·-

-+-----· --~-
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ASH ;._ANDFILL 
MWT-5 

GROUND WATER 
i1 
11 

09/28/1999 
ASH TRENCH 

TR2044 
SA 
N 

1 
0.5 

1 
( 

0.6 

1 
~i" -

u 
u 
u 

ASH LANDFILL 
MWT-6 

GROUND WATER 
. 11.7 

11 7 

09~9/1999 
AS~TREN~H 

TR2045 
SA 
N 

.1 u 
Ji __ 
u 

ASH LANDFILL 
- Mwr:y 

GRciuN6 WATER 
.. 12.6 

12.6 
09/"2811999 

ASH TRENCH 

TRi046 
SA 
N 

~Q.. 
40 

~ 

u 
tr 
Li 

ASH LANDFILL 
MM~a-- -

GROUNDWATER . . . - .. 
11.8 
1·1.a 

09/28/1999 

ASH_T~IN~H 
TR2047 

SA 
N 

1 
__ _!_ __ 

.!.... 
J 0.4 J 40 U 1 

u 

ASH LAND_FILL 
MWT-9 

GROUND WATER 

fa.5 
13.5 

09/29/1999 
· AsHTRENCH 

TR204a 
SA 

4 u 
u 
u· 
0 ·--· ····1· - ~+-

~ ·:----~· ~~ ~ j u 4 ju 
~- ·;_-_-_-"~~~~---i:._~:~~Jt -:I ! __ ~-[ ___ ~~-- ~-
u 1 U 40 U 1 U 4 U 

f ~- -- -l -~-Jl- l--=--J-=-_ :1 _~~~i---= ~ 
U 1 U U 4 U 
UJ ··- s ·-- ·u-:, 200 -----· -· 
J 0.4 .. J -- ·-40-- --
u- 1 --u ----40---
. -·- . -- ----
u 1 U ~ 

u 1 U - 4ff 
u: 1 I.[ -~Q__ 
U 1 U 40 
U 1· - U 40 __ _ 

LI -1 ii -- 40 u 
- . t --z1· - - ~~ ·iJ~ ·~=---~ --- ·-W- -t 

5 

1 
i 
5 
1 
5 

s. 

1 
__ 1 __ 

1 
1 1··-
,--

11900 
'"'.;:

1~1~~~§1::2: 
6090 
322-
1760--

7so· 
2.3-
4.2 

;~~ 
<0.2 
13.1-

~--

- tn~:-t1a ~·~~ ~tl~~iw:w-,i~~r.t:~ J 

~ -"-t~~+ l ~=-'·t~-. l t 
u ~---1 UJ -- 4□--·-- UJ 4 UJ 
UJ. 5 . ui - 200 . --- -20- --- -UJ 
1.T 5 -· -u ----200·--- ~--t-~·t- 20 u u· ·····2· ··u- -·-so-·--·-- -a---- -u 
LI - 1- -u ----40- --- 1 - 4 u 
u - 1 u -- . - 40 - 1------ - u 4 u 
u - 1 iT 40 1 u ·4 u 

l~+,tt:~'. 
r 

63 
-- 2j" 

2.s--· 
46.5 

1.2 ---2.1-~ I u I ---,.---,-
3.1 

120 
7.4 

il -~ 
111 -+---~~--+ - 44.6-

: .. --~~jf~ ·=~t .. -~-=*,-· -!--=-- :it 
- - ™ ---7.s-r·-- ~-- - --7.68 -· 

··-

---~~i~-=~J_. o~i5 ~~ _ ·~~-= +---
~~~ f ~~--J ___ _ 

---~ 



STUDY ID: 
LOCID: 
SDG: 
SAMP. DEPTH TOP: 
SAMP. DEPTH BOT: 
MATRIX: 
SAMP. DATE: 
SAMP_ID: 
FIELD QC CODE: 
PARAMETER 
Volatile Organic Compounds 
1.1,1-Trichloroethane 
1.1,2,2-Tetrachloroethane 
1.1,2-Trichloroethane 
1.1-Dichloroethane 
1.1-Dichloroethene 
1,2,4-Trichlorobenzene 
1,2-0ibromo-3-chloropropane 
1,2-0ibromoethane 
1,2-Dichlorobenzene 
1.2-Dichloroethane 
1.2-Dichloropropane 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Acetone 
Benzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
Chloroform 
Cis-1,2-Dichloroethene 
Cis-1.3-Dichloropropene 
Ethyl benzene 
Methyl bromide 
Methyl butyl ketone 
Methyl chloride 
Methyl ethyl ketone 
Methyl isobutyf ketone 
Methylene chloride 
Styrene 
Tetrachloroethene 
Toluene 
Total Xyfenes 
Trans-1,2-Dichloroethene 
Trans-1 :3-Dich/oropropene 
Trich/oroethene 
Vinyl chloride 

Metals 
Calcium 
Iron 
Magnesium 
Manganese 
Potassium 
Sodium 

other Analytes 
Chloride 
Sulfate 
Nitrate as N 
Total Dissolved Solids 
pH 
Alkalinity as CaC03 
Phosphate 
Methane 
Ethane 
Ethene 
H 
Ferrous Iron 

UNIT 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

MG/L 
MG/L 
MG/L 
MG/L 

MG/L 
MG/L 
UG/L 
UG/L 
UG/L 
nM/L 
MGIL 

FREQUENCY NYSDEC 
OF CLASS GA 

MAXIMU DETECTION STANDARD 

4 

0 
72 
4 

480 
4 

144000 
7060 

20400 
682 

3020 
20100 

0.0% 
0.0% 

14.3% 
0.0% 
0.0% 
14.3% 
0.0% 

14.3% 
0.0% 

14.3% 
14.3% 
0.0% 
14.3% 
7.1% 
14.3% 
0.0% 
0.0% 

14.3% 
0.0% 

14.3% 
0.0% 
0.0% 
0.0% 
0.0% 

92.9% 
14.3% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 

14.3% 
0.0% 
0.0% 
0.0% 
0.0% 

42.9% 
14.3% 

85.7% 
85.7% 
85.7% 
85.7% 
85.7% 
85.7% 

36.9 100.0% 
141 100.0% 
0.6 41.7% 

551 100.0% 
9.55 100.0% 
332 100.0% 
0.09 91.7% 

4432.6 100.0% 
12.59 100.0% 
10.41 100.0% 

50 100.0% 
2.43 81.8% 

4.7 
5 
5 
5 

4.7 

50 

5 
5 
2 

300 

300 

10 
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Seneca Army Depot Activity 
Ash Landfill Groundwater Remediation 

Round 4 Groundwater Sampling 

ASH TRENCH ASH TRENCH ASH TRENCH ASH TRENCH ASH TRENCH ASH TRENCH NONE 
MW-12 MW-TS MW-TS MW-TT MW-T4 MW-T10 NONE 

76497 76497 76497 76497 76497 76497 76497 
8.5 11 11.8 12.6 11 8 NONE 
8.5 11 11.8 12.6 11 8 NONE 

WATER WATER WATER WATER WATER WATER NONE 
04-Jan-00 04-Jan-00 

NUMBER NUMBER NUMBER TR2060 TR2061 
ABOVE OF OF SA SA 

04-Jan-00 
TR2062 
SA 

04-Jan-OO 
TR2063 
SA 

04-Jan-OO 
TR2064 
SA 

05-Jan-OO 
TR2065 
SA 

NONE 
TR2065MS 
NONE 

NONE 
NONE 

76497 
NONE 
NONE 
NONE 
NONE 
TR2065MSD 
NONE 

ASH TRENCH ASH TRENCH 
MW-T11 MW-T10 

76497 76497 
8 
8 

WATER WATER 
05-Jan.QO 05-Jan-OO 

TR2066 TR2067 
SA DU 

TAGM DETECTS NALYSE VALUE Q VALUE Q VALUE Q VALUE Q VALUE Q VALUE Q VALUE Q VALUE Q VALUE Q VALUE Q 

13 
2 

0 
6 
2 

12 
12 
12 
12 
12 
12 

12 
12 
5 

12 
12 
12 
11 

M 
14 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
14 
M 

14 
14 
14 
14 
14 
14 

12 
12 
12 
12 
12 
12 
12 
3 

11 

2 U 
2 U 
2 U 
2U 
2 U 
2 U 
2U 
2 U 
2 U 
2U 
2U 
2U 
2 U 
9 UJ 
2 U 
2U 
2 U 
2U 
2 U 
2U 
2U 
2 U 
2 U 

2U 
2U 
9 UJ 
2 U 
9 UJ 
9 U 
4U 
2U 
2 U 
2U 
2 U 
2U 
2 U 
2 U 
2 U 

34300 
':;,:',:+· ', \t;~~!J 

16200 
97.6 
980 J 

8830 

162 
91.9 
02 U 

231. J 
8.07 

47 
0.020 

1.47 

1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
5 UJ 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

1 U 
1 U 
5 UJ 
1 U 
5 UJ 
5 U 
2U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

32700 
.,.,,,;, :l':~~~~J 

3 U 
3 U 
3 U 
3 U 
3 U 
3 U 
3 U 
3 U 
3 U 
3 U 
3U 
3U 
3 U 

17 UJ 
3 U 
3 U 
3 U 
3 U 
3 U 
3 U 
3 U 
3 U 
3 U 

3 U 
3 U 

17 UJ 
3 U 

17 UJ 
17 U 
7 U 
3 U 
3 U 
3U 
3 U 
3U 
3 U 
3 U 
3 U 

74.5 27.3 
1460 J 

20100 

36.9 
121. 
02 U 

286. J 
9.35 

12 
0.030 

0.13 

1230 J 
14500 

7.6 
14.3 
0.2 U 

113. J 
9.55 

72 
0.030 

0.03 

31 U 3 U 
31 U 3 U 
31 U 3 U 
31 U 3 U 
31 U 3 U 
31 U 3 U 
31 U 3 U 
31 U 3 U 
31 U 3 U 
31 U 3 U 
31 U ~ 3 U 
31 U 3 U 
31 U 3 U 

160 UJ 14 UJ 
31 U 3 U 
31 U 3 U 
31 U 3 U 
31 U 3 U 
31 U 3 U 
31 U 3 U 
MU 
MU 
MU 

u 
MU 
MU 
aw 
MU 
aw 
au 
63U 
MU 
MU 
MU 
MU 
MU 

3 U 
3 U 
3 U 

3 U 
3 U 

14 UJ 
3 U 

14 UJ 
14 U 
6 U 
3 U 
3 U 
3 U 
3 U 
3 U 
3 U 
3 U 
3 U 

1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

1 U 
1 U 

1 U 
1 U 
4 
1 U 
1 U 
5 
1 U 
4 
1 U 
5 

1 U 1 U 
1 U 4 
1 U 1 U 
1 U 4 
1 U 1 U 
1 U 1 U 
1 U 1 U 
1 U 1 U 

0.6 J 0.6 J 
1 U 4 
1 U 1 U 
1 U 1 U 
5 UJ 5 U 
1 U 1 U 
5 UJ 5 U 
SU SU 
2U 2U 
1 U 1 U 
1 U 5 
1 U 1 U 
1 U 1 U 
1 U 1 U 
1 U 1 U 
1 U 4 

1 u WITftSt~ 

130000 
127 J 

144000 23800 

15100 
18.5 · 
1140 J 

17100 

10. 
84.8 

.4 
506. J 
7.12 
308 

0.010 

0.02 

217J ~J 
17200 11400 

9 J 148 
1040 J 1040 J 

19500 7650 

29.7 
141. 

.6 
551. J 
7.15 
260 
0.01 U 

8.7 
40.3 
02 U 

151. 
8.40 

62 
0.040 

1.74 

1 U 
1 U 
4 
1 U 
1 U 
5 
1 U 
4 
1 U 
5 
5 
1 U 
4 

1 U 
4 
1 U 

• 
1 U 
1 U 
1 U 
1 U 

0.6 J 
4 
1 U 
1 U 
5 U 
1 U 
5 U 
5 U 
2U 
1 U 
5 
1 U 
1 U 
1 U 
1 U 

1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
5 UJ 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
5 UJ 
1 U 
5 UJ 
5 U 
2 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

131000 
119 J 

16300 
84.3 

3020 J 
17600 

11.6 
65.9 

.5 
481. 
7.11 
332 

0.020 

1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
5 UJ 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

0.6 J 
1 U 
1 U 
1 U 
5 UJ 
1 U 
5 UJ 
SU 
2U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

~7SJ 
128 
878 J 

7580 

8.7 
37.9 
02 U 

141. 
8.49 

61 
0.040 

1.69 
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Seneca Army Depot Activity 
Ash Landfill Groundwater Remediation 

Round 4 Groundwater Sampling 

STUDY ID: ASH TRENCH ASH TRENCH ASH TRENCH ASH TRENCH 

LOCIO: MW-T1 MW-T3 MW-T6 MW-T9 

SDG: 76497 76497 76497 76497 

SAMP. DEPlH TOP: 9 8 10 10 

SAMP. DEPTH BOT: 9 8 10 10 

MATRIX: WATER WATER WATER WATER 

SAMP. DATE: 05-Jan-00 05-Jan-00 05--Jan-OO OS-Jan-00 

SAMP_ID: FREQUENCY NYSDEC NUMBER NUMBER NUMBER TR2068 TR2069 TR2070 TR2071 

FIELD QC CODE: OF CLASS GA ABOVE OF OF SA SA SA SA 

PARAMETER UNIT MAXIMU DETECTION STANDARD TAGM DETECTS NAL YSE VALUE Q VALUE Q VALUE Q VALUE Q 

Volatile Organic Compounds 

1.1. 1-Trichloroethane UG/L 0 0.0% 5 0 0 14 4 U 3 U 1 U 3 U 

1, 1.2.2-Tetrachloroethane UG/L 0 0.0% 5 0 0 14 4 U 3 U 1 U 3 U 

1,1,2-Trichloroethane UG/L 4 14.3% 0 2 14 4 U 3 U 1 U 3 U 

1, 1-Dichloroethane UG/L 0 0.0% - 5 0 0 14 4 U 3 U 1 U 3 U 

1.1-Dichloroethene UG/L 0 0.0% 5 0 0 14 4 U 3 U 1 U 3 U 

1,2,4--Trichlorobenzene UG/L 5 14.3% 5 0 2 14 4 U 3U 1 U 3U 

1,2-Dibromo-3-chloropropane UG/L 0 0.0% 0 0 14 4 U 3 U 1 U 3 U 

1,2-Dibromoethane UG/L 4 14.3% 0 2 14 4 U 3 U 1 U 3 U 

1.2-Dichlorobenzene UG/L 0 0.0% 4.7 0 0 14 4 U 3 U 1 U 3 U 

1,2-Dichloroethane UG/L 5 14.3% 5 0 2 14 4 U 3 U 1 U 3 U 

1,2-0ichloropropane UG/L 5 14.3% 5 0 2 14 4 U 3U 1 U 3 U 

1,3-Dichlorobenzene UG/L 0 0.0% 5 0 0 14 4 U 3U 1 U 3 U 

1,4--Dichlorobenzene UG/L 5 14.3% 4.7 1 2 14 4 U 3 U 1 U 3 U 

Acetone UG/L 2 7.1% 0 1 14 22 UJ 14 UJ 2J 14 VJ 

Benzene UG/L 5 14.3% 1 2 2 14 4U 3 U 1 U 3 U 

Bromochloromethane UG/L 0 0.0% 0 0 14 4U 3 U 1 U 3 U 

Bromodichloromethane UG/L 0 0.0% 0 0 14 4 U 3 U 1 U 3 U 

Bromoform UG/L 4 14.3% 0 2 14 4 U 3 U 1 U 3 U 

Carbon disulfide UG/L 0 0.0% 0 0 14 4 U 3U 1 U 3U 

Carbon tetrachloride UG/L 4 14.3% 5 0 2 14 4U 3 U 1 U 3 U 

Chlorobenzene UG/L 0 0.0% 5 0 0 14 4 U 3 U 1 U 3 U 

Chlorodibromomethane UG/L 0 0.0% 0 0 14 4 U 3U 1 U 3 U 

Chloroethane UG/L 0 0.0% 5 0 0 14 4 U 3 U 1 U 3 U 

Chloroform UG/L 0 0.0% 7 0 0 14 
Cis-1,2-Dichloroethene UG/L 72 92.9% 5 9 13 14 

Cis--1,3-0ichloropropene UG/L 4 14.3% 5 0 2 14 
Ethyl benzene UG/L 0 0.0% 5 0 0 14 4U 3U 1 U 3 U 

Methyl bromide UG/L 0 0.0% 0 0 14 4U 3 U 1 U 3 U 

Methyl butyl ketone UG/L 0 0.0% 0 0 14 22 UJ 14 UJ 5 UJ 14 UJ 

Methyl chloride UG/L 0 0.0% 5 0 0 14 4 U 3 U 1 U 3 U 

Methyl ethyl ketone UG/L 0 0_0% 50 0 0 14 22 UJ 14 UJ 5 UJ 14 UJ 

Methyl isobutyl ketone UG/L 0 0.0% 0 0 14 22 U 14 U 5 U 14 U 

Methylene chloride UG/L 0 0.0% 5 0 0 14 9U 6 U 2 U 6 U 

Styrene UG/L 0 0.0% 0 0 14 4U 3 U 1 U 3 U 

Tetrachloroethene UG/L 5 14.3% 5 0 2 14 4 U 3 U 1 U 3 U 

Toluene UG/L 0 0.0% 5 0 0 14 4 U 3 U 1 U 3 U 

Total Xylenes UG/L 0 0.0% 5 0 0 14 4 U 3 U 1 U 3 U 

Trans-1,2-Dichloroethene UG/L 0 0.0% 5 0 0 14 4 U 3 U 1 U 3 U 

Trans-1,3-Dichloropropene UG/L 0 0.0% 5 0 0 14 3 U 1 U 

Trichloroethene UG/L 480 42.9% 5 3 6 14 2J 1 U 

Vinyl chloride UG/L 4 14,3% 2 2 2 14 3U 1 U 

Metals 
Calcium UG/L 144000 85.7% 0 12 14 133000 52800 25800 

Iron UG/L 7060 85.7% 300 7 12 14 129 J 99.3 J ·F~fk'·::~:::~:~~f J 

Magnesium UG/L 20400 85.7% 0 12 14 15200 13400 5880 

Manganese UG/L 682 85.7% 300 1 12 14 3.7 J 267 226 

Potassium UG/L 3020 85,7"/2 0 12 14 932 J 1580 J 1720 J 

Sodium UG/L 20100 85.7% 0 12 14 9260 9250 19900 17100 

Other- Analytes 
Chloride MG/L 36.9 100.0% 0 12 12 16.7 17.1 34.6 8.9 

Sulfate MG/L 141 100.0% 0 12 12 106. 106. 139. 16.5 

Nitrate as N MG/L 0.6 41.7% 10 0 5 12 .3 0.2 U .2 0.2 U 

Total Dissolved Solids MG/L 551 100.0% 0 12 12 500. 334. 314. 162. 

pH 9.55 100.0% 0 12 12 7.27 7.53 8.08 7.90 

Alkalinity as CaC03 MG/L 332 100.0% 0 12 12 271 132 41 88 

Phosphate MG/L 0.09 91.7% 0 11 12 0.020 0.020 0.040 0.090 

Methane UG/L 4432.6 100.0% 0 3 3 2567.8 4432.6 4374 

Ethane UG/L 12.59 100.0% 0 3 3 1.83 3.28 12.59 

Ethene UG/L 10.41 100.0% 0 3 3 2.32 3.93 10.41 

H nM/L 50 100.0% 0 3 3 >50 >50 >50 

Ferrous Iron MG/L 2.43 81.8% 0 9 11 0 2.43 0.18 0.16 

p:\pil.lprojects\seneca\in:irrtmclgwdata\g¥,data\data_an.xls\Round4c: 
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AppendixD 
Correspondence with ETI 

• Memorandum of October 15, 1998 
• Memorandum of October 29, 1998 
• Memorandum of December 18, 1998 
• Memorandum of March 2, 2000 
• Article on Diffusion Samplers sent on March 6, 2000 
• Memorandum of March 20, 2000 
• Memorandum of March 24, 2000 
• Memorandum of April 20, 2000 
• Memorandum of May 20, 2000 
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To: 

From: 

Date: 

Jackie Travers, Parsons Engineering Science 

John Vogan, EnviroMetal Technologies Inc. 
Denise Burgess, EnviroMetal Technologies Inc. 

29 October 1998 

Memorandum 

Re: Residence Time Calculations for the Ash Landfill Site -31317.88 

I have attached residence time calculations for the data sent to us on October 13, 1998 .for· 

wells PT-24, MW-29 and MW-27. Also included in the table are residence times calculated 

previously using data from wells PTl 7, MW-28 and MW-53. 

Table 1: Residence Time Requirements, Ash Landfill 

Half 
MCL 

Well Location and Concentration 

voe Lives 

,wvv.:. 

(µg/L) PT17 MW-28 MW-53 PT~24 MW-29 MW-27 

TCE 5 

CDCE 5 

vc 2 

RT 

(hrs) 

RT 
(days) 

42 Arrow Road 
Guelph, Ontario 
Canada N1K 1S6 
Tel: (519) 82~2 
Fax: (519) 763,2378 

(hr) 

3 260 190 

6 53 17 

6 14 -

30 25 

1.25 1.04 

35 4 7 5 nd 

53 51 140 150 nd 

- -- -- -- nd 

23 21 29 30 --

0.96 0.88 1.21 1.25 -
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envirometal technologies inc. ·Memorandum 

Based on the above table, a residence time of 1.25 days should ensure that all VOCs be 

remediated to below maximum contaminant levels. For a continuous wall scenario, a 

residence time of 1.25 days should be used to determine the volume of iron required. Ni sent 

to Parsons on October 15, 1998, the volume of iron required for a continuous wall 

configuration assuming a flow velocity of 0.17 ft/day, a plume width of 800 ft and a saturated 

thickness of 8.6 ft would be on the order of 1,700 fl:3. 

\\SKYWALKER\FC_ USERS\DBurgess\projects300\313 I 7\restime,doc 
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SEODONTWO Mannor1nu SVStem 

2.1 MONITORING WELL NElWORK 
Existing monitoring well KC88-78, and a series of new monitoring wells will be utilized to 
provide groundwater data necessary to satisfy the monitoring objectives described in Section 1.1. 
Tlie location of existing well KC88-78, and the new monitoring wells are shown on Figure 1. 
Monitoring well details are provided on Figure 2. 

Upgradient monitoring will be performed utilizing existing well KC88-78, which is a dual 
completion with wells screened in both the upper ( clay) and lower (basal gravel) units. KC88-78 
is located relatively close to the center of the plume and will provide adequate data on 
groundwater conditions in the clay and the ba<i:,,l gravel immediately upgradient of the iron 
treatment wall system. 

Evaluation of whether contamination bypasses the system will be performed utilizing a series of 
four new monitoring wells (K.C97-206U, KC97-206L, KC97-207U, and KC97-207L) to be 
installed by the contractor following construction of the iron treatment wall system. These 
monitoring wells will be installed at two locations immediately side gradient of each end of 
Trench l as shown on Figure 1. One well screened in the basal gravel and one well screened in 
the clay will be installed at each location. 

Evaluation of contaminant concentrations between trenches will be performed utilizing a series 
.of three new monitoring wells to be installed by the contractor following construction of the iron 
treatment wall system. The monitoring wells will be installed at two locations. The first location 
will be between Trench 1 and Trench 2, directly downgradient of existing monitoring well 
KC88-78 as shown on Figure l. Two wells (KC97-208U and KC97-208L) will be installed at 
this location with one well screened in the basal gravel and one well screened in the clay. The 
wells will be located as close as possible to the downgradient iron/aquifer interface of Trench 1 
so as to provide data representative of groundwater as it exits Trench 1. As the treated 
groundwater exits each trench and re-enters the aquifer, VOC contaminants sorbed to the aquifer 
material will tend to desorb into the treated groundwater and make system evaluation difficult. 
Therefore, monitoring wells must be located where representative samples of treated water can 
best be collected. The second location will be between Trench 2 and Trench 3, directly 
downgradient of the wells installed between Trench 1 and Trench 2 as shown on Figure 1. One 
well (KC97-209L), screened in the basal gravel will be installed at this location. The well will be 
located as close as possible to the downgradient iron/aquifer interface of Trench 2. 

Evaluation of contaminant concentrations downgradient of the iron treatment wall system will be 
perfonned utilizing a series of six new monitoring wells installed by the contractor following 
construction of the iron treatment wall system. The monitoring wells will be installed at three 
locations immediately downgradient of Trench 3, with one well screened in the basal gravel and 
one well screened in the clay at each location. Two wells (KC97-212U and KC97-212L), will be 
located directly downgradient of the wells installed between Trench 2 and Trench 3. Four wells 
(KC97-210U, KC97-210L, KC97-211U and KC97-211L), will be installed in two location 
equally spaced from wells KC97-212U and KC97-212L. Refer to Figure 1 for actual locations. 
The wells will be located as close as possible to the downgradient iron/aquifer interface of 
Trench 3 so as to provide data representative of groundwater as it exits Trench 3. 
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745 Bridge Street West, Suite 7 
Waterloo, Ontario 
Canada N2V 2G6 
Tel: (519) 746-2204 
Fax: (519) 746-2209 

Robert Focht, Remediation Engineer, Ext 245 
rfocht@eti.ca 
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notify u~ by telephone immediately, Thank you. 
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18 December 1998 

Eli2a Schacht 
Parsons Engineering Science, Inc. 
30DanRoad 
Canton, MA 02021 

m-m-220& T-276 P.0Z/07 F-541 

Re: Continuous Permeable Reactive Barrier Installation - 31317.20 

Dear Ms. Schacht: 

A full-scale permeable reactive barrier (PRB) containing granular iron was installed at the 
Ash Landfill, Seneca Anny Depot, Romulus, New York in December 1998. During 
construction, EnviroMetal Technologies Inc. (ETI) staff was present to provide on-site 
assistance and document construction activities. This letter provides Parsons Engineering 
Science, Inc. (Parsons) with ETI's observations and comments on the installation. 

The full-scale PRB wall is located approximately 350 ft downgradient of the source area on 
the Ash Landfill Site. The PRB extends approximately 650 ft north-south adjacent the fence 
line with the south end starting at the West Smith Fann Road. The PRB consists of a single 
continuous permeable wall of granular iron and sand. 

The fill material used in the PRB consisted of about 48% by volume iron and the balance a 
local sand. The iron was 8 to 50 US standard mesh size supplied from Peerless Metal 
Powders and Abrasives of Detroit, Michigan in 3,000 lb superbags. The sand was supplied by 
DeWitt, a local cement supplier, in cement trucks. DeWitt al.so used the cement trucks to mix 
the· two materials. A total of 28 trucks, each containing 11,500 lb of sand arrived on site 
during the 10 and 11 of December 1998. Based on a sand bulk density of 106 Ib/ft3 and an 
iron bulk density of 150 lb/ft3, each truck was loaded at the site with 5 bags of iron to give the 
48¾ by volume required. Using the mass of each material, this is equivalent to about 57% by 
weight iron. The materials were mixed for 10 minutes then stockpiled on-site for use later in 
the day in the trench. Two additional trucks contained more sand for a 42% by volume iron 

745 Bridge Sl W .• Suite 7 
Watenoo, Ontario 
Canada N2V 2G6 
Tel: (519) 748-2204 
Fu: (519) 746-2209 
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mixture. This 42% by volume material and 1 to 2 truck loads of the 48% by volume material 
were not used in the trench. Thus, based on these values the total volume of material placed 
in the trench was about 5,525 ft3. 

The mixture was tested for the right proportions of each material by separating the iron from 
the mixture with a magnet The iron was separated two to three times to remove most of the 
sand particles that were entrapped as the iron was picked up by the magnet. Not suxprisingly 
the iron volume, 50¾ to 60%, was greater than the sand. This occurs because some sand 
particles remained in the iron even after three separations and also because of the assumed 
bulk densities of the two materials. The iron bulk density of 1 SO lb/ft3 used in the calculation 
is the density of ''packed" iron, however the "loose" bulk density can be as low as 110 to 125 
lb/fl:3. This means that because the amount of iron added was "loose" material the volume 
would be greater. 

It is our understanding that the moisture content of the sand was 3% to 5%, which is 

considered appropriate for a stockpiled iron/sand nuxture left on ground surface for about 1 
day or less. If a sand has toJ high a moisture content it can cause oxidation of the iron 
surface, potentially reducing its reactivity. Since the mixture was used the same day as it was 
mixed, the moisture content should not be an issue since little oxidation should occur. The 
temperature of the mixture after mixing was measured once by others to be about 110 °F. 
This increase in temperature over background should have been largely the result of friction 
during mixing of the granular material At some sites and in bench-scale tests were 100% 
iron has dewatered, no noticeable temperature increase has been observed because oxidation 
of the iron appears to occur over several days rather than several minutes. 

Construction was performed by De Wind Dewatering of Holland, Michigan using a one pass 
continuous trencher. Continuous trenching machines have been used for several years to 
install horizontal groundwater collection drains and impermeable barriers. These machines 
allow simultaneous excavation and backfilling without an open trench. Excavation is 
performed by a cutting chain immediately in front of a trench~box (boot) which extends the 
width and depth of the .finished treatment zone. Both the cutting chain and boot are attached 
to the trenching machine. As the trencher moves foIWard, iron is added to the boot creating a 
continuous treatment zone. Trenchers are available to install treatment zones from 1 to 2 ft in 
width to depths of 25 ft. The total depth may be extended to about 35 ft by excavating a 
bench on which to operate the trencher. 

Continuous trenching was fir.st used to install a 100% iron PRB in 1996 at a site in North 
Carolina. About 450 tons of iron was placed in a trench 150 ft long and 24 ft deep in about 4 
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hr. Since then, trenchers have been used for PRBs at sites in South Carolina, Oregon, 

Louisiana, Vcr.m.ont and New York. 

Seven test pits were excavated using a track-hoe to determine the depth of bedrock along the 

line of installation. Bedrock along the alignment varied from approximately 6 to 11 ft below 

ground surmce (bgs) (Table 1). To ensure that no groundwater flows beneath the PRB, the 

PRB was extended several inches into the top of bedrock (shale). Pieces of shale were 

observed in the excavated material from the trencher along the entire alignment. To prevent 

groundwater from overflowing the treatment system, the top of the wall was constructed 

above the expected high water table at about 1 ft bgs. A geotextile material was placed on top 

of the PRB and fill material added to bring the level of the trench to ground surface. 

Due to the dryness of the excavated material and the geology of the aquifer. the trench 

consistently remained open. This .means that although the trencher's box was set to the 
minimum of 12 inches the trench was slightly larger due to the 14 inch cutting width of the 
trencher. Based on an average total depth of 8.8 ft bgs (assumed to be on average 0.5 ft below 

the top of shale), a top depth of l ft bgs, and an average width of 1.1 ft, the total volume of the 

excavation was S,577 ft3
, which is close to the volume of material estimated 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 are as expected. The number of loader buckets of material 

added for individual sections of trench are given in Table 2. There is more uncertainty in 

these calculations given that not each bucket full of material was the same. In fact, on day 

two a different loader was used with a b~ket that was bigger than the trencher's hopper. 

Therefore, to minimize spilling of iron, the bucket was not completely filled with iron. Note 

that if we assume that on average each bucket was filled to 75% capacity we arrive at the 

same conclusion as above (i.e. that the trench width is 1.1 ft wide, 7.8 ft in depth and 650 ft 
long). 

About 180 ft of trenching occurred the first day (10 December 1998) before several cutting 

teeth were broken from the cutting chain due to buried foundation. Foundations were 

encountered in at least three locations over the first 250 ft of the Sou.th end of the PRB. These 
foundations were excavated using the back-hoe to allow the trenching to proceed. The 
trenching was completed on the second day. The trench was extended slightly beyond the 

645 ft design to empty the hopper on the trencher of iron material. 
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Please feel free to call if you have any questions on our observations made during the 

installation. 

Sincerely, 

EnviroMetal Technologies Inc. 

Robert Focht, M.Sc., P .Eng. 
Remediation Engineer 

E:\PROJ£CTS\31300\31317\31.317 PRB lnstallation Lettet.doo 
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Table l; Depth to Shale Along the Alignment Measured in Test Pits 

Distance Along Alignment from the Southern End (ft} Depth to Shale (ft)* 

0 7 

125 11 

250 9.5 
300 9 

425 7.5 

525 6.5 

640 6 

Weighted Averageb 8.3 

a McaS\ltCtnCln~ ttlreu with a tape mc;asure. 
b Average weighted depth based~ distance between measurements. 
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Table 2: Estimated Volume and Amount of Iron/Sand Mixtnre lnstalled 

Number Potential Percentage of 
Distance Estimated of Loader Size of Volume of Estimated Trench 

from Trench Buckets of Loader Iron/Sand Volume 
South End Volume Bucket 100% of 75%of 

(ft) (ft'} Iron/Sand (fr) Installed Loader Loader Installed (ft') Bucket* Bucketb 

0-75 635 16 67.5 1,080 170 128 

75-100 256 3 67.5 202.S 79 59 

100-125 278 5 67.5 337.5 122 91 

125-150 285 6 67.5 405 142 107 

150-175 276 4 67.5 270 98 73 

17S-225 S28 
2 67,5 135 

164 123 
9 81 729 

225-325 962 12 81 972 101 76 

325-350 221 5· 81 405 183 137 

350-375 213 3 81 243 114 86 

315400 205 5 81 405 198 148 

400-425 197 3 81 243 124 93 

425-450 189 3 81 243 129 96 

450-475 182 2 81 162 89 67 

475-500 175 3 81 243. 139 104 

500-525 168 3 81 243 144 108 

525-550 164 2 81 162 99 74 

550-575 161 3 81 243 151 114 

575-600 158 2 81 162 103 77 

600-625 155 3 81 243 157 118 

625-650 152 3 81 243 160 120 

Total S,559 7,371 

Average 133 100 

a Assui:nes loader bucket filled to 100% capacity (i.~. either 67 .5 or 81 fi3) on average. 
b Assumes loader bucket filled to 75% capacity (i.e. either S0.6 or 60.8 ft') on average. 
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To: 

From: 

Date: 

Re: 

Anna Fodor, Jacqueline Travers, Parsons Engineering Science, Inc; Fax: 781-
401-2575 

Andrzej Przepiora, John Vogan, EnviroMetal Technologies Inc. 

2 March 2000 

Comments on April 1999 ~ January 200 Groundwater Monitoring Data, 
Ash Landfill, Romulus, NY - 31317.77 

EnviroMetal Technologies Inc. (ETI) has received from Parsons Engineering and Science, 
Inc. (Parsons) an annual groundwater monitoring results for an in-situ permeable reactive 
.banier (PRB) treatment system installed at the Ash Landfill in Romulus, NY. The data 
included monthly groundwater level measurements (April 1999 to January 2000) and 

quarterly (April 1999, June 1999, September 1999 and January 2000) concentrations of 
chlorinated volatile organic compounds (CVOCs). F~her to our discussion on 22 February 
2000, this memorandum provides ETI's comments on the monitoring results and also answers 

the specific questions addressed by Parsons ES in the memorandum of 11 February 2000 . 

The iron PRB was installed in December 1999 in a continuous wall configuration. The wall 
contains a 1-ft thick zone of SO% iron/sand mix with a wall length of 640 ft and 8 to 12 ft in 
depth. The monitoring well network consists of 3 transects across the treatment system 
(Figure 1), Each transect is composed of three monitoring wells located 2.5 ft upgradient, 
inside and 2.5 fr dowgradient of the iron wall. 

1.0 Groundwater flow through the wall 

Table l shows the hydraulic head differences between the monitoring wells for the IO-month 
monito1ing period. Water level data indicate that flow through the treatment system is not 
uniform. It appears that water flows slower in the northern part of the wall than in the 
southern part. Also, some of the water level measurements in the northern and middle well 
transects show intermittent reverse hydraulic gradients between the wall and the downgradient 
wells, suggesting flows into the wall from the downgradient aquifer. Comparing water levels 
inside the wall, a pronounced gradient from N to S along the wall appears to occur (Table 1). 
745 Bridge St, W., Suite 7 
Waterloo, Ontario 
Canada N2V 2G6 
Tel (519) 746-2204 
Fax (519) 746-2209 
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The lateral flow in the wall may be an effect of a high permeability zone located in the 
vicinity of the southern transect. Figure 2 shows that the magnitude of the lateral gradient in 
the wall was inversely proportional to the groundwater water level in the middle well (MWT-
5). Because the gradient is steepest at times of low water level, this may suggest that the high 
permeability zone is narrow, near the base of the trench and has limited capacity. This zone 

may be associated with the foundation remains encountered in the southern pan of the trench 

during wall emplacement. From the 1994 site groundwater table maps, a narrow E-W 
regional higher conductivity zone along West Smith Farm Rd could be interpreted. The 

presence of a high penneability zone intersected by the southern part of the wall is also 
consistent with the high TCE concentrations in this pan of the trench (Figure 3). 

2.0 voe concentrations 

Figure 3 summarizes TCE and cDCE results of four monitoring events from April 1999 to 
January 2000. The most pronounced feature in the concentration trends along the monitoring 
well transects is an initial decrease in VOC concentrations in the iron wall, followed by a 
concentration increase in the downgradient wells. This feature has been commonly observed 
in the initial stages of iron wall operation at other sites. The cause of the elevated 
concentrations in the downgradient wells is most likely desorption and/or incomplete flushing 
in the silty/clayey material. For VOC data interpretation,· ETI considered only the results 
from the wells located upgradient and inside the iron wall. 

TCE concentration decreased to below detection limits in all wells located in the wall, which 
would suggest that the wall is working as designed. However, the trends in cDCE 
concentration are surprisingly different from those of TCE. In most of the iron wells the 

cDCE concentration remained above the MCL level of 5 µg/L; in two events at the south end 
the cDCE concentration increased relative to the inflowing concentration values. There may 

be several reasons (either alone or in combination) why the cDCE concentration is not 
reduced in the iron wall, including: 

I) insufficient residence time; 

2) insufficient iron reactivity; and 

3) sampling artifacts; and 

4) insufficient iron present in the mixture. 

These three issues are discussed below. 

Residence time 

In a memorandum of 29 October 1998 ETI specified that a residence time (RT) of I to 1.25 
days in the reactive zone (100% iron) would be required to degrade the VOCs to below 
DWQs. For a 50% iron/sand mix, the residence time would need to be doubled to about 2.5 
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days. In the same memorandum a "safety factor of two'' was also suggested, giving the total 

reconunended RT of5 days. 

Table 2 shows the RT calculated based on the detected hydraulic gradients across the wall and 
an uniform hydraulic conductivity of till material of 1.03 ft/day obtained by Parsons from a 
field test. All but one calculated RT values exceeded the design value implying that sufficient 

residence times were provided in the wall {Table 2). However, the velocity calculations may 
be unreliable because they are based on one uniform hydraulic conductivity value. As 
discussed in Section 1.0, water level measurements indicate that the conductivity may vazy in 
the aquifer along the wall, 

Iron reactivity 

A bench-scale test using site water and the iron material was not performed for the Ash 

Landfill Plill. Instead, halMife (HL) values of 3 hrs for TCE and 6 hrs for cDCE frorri the 

ETI database were used for the PRB design. Figure 4 shows the typical molar conversion 

rates in the TCE-cDCE-VC system. Using these conversion rates, the field measured 
inflowing concentrations and the above half-life values, VOC degradation can be simulated 

(Figure 5). As seen on Figure Sa, simulated concentrations do not correlate well to the values 
obtained from the PRB. For example, in June 1999 the cDCE concentrations in the southern 

wall was 42 µg/L but the TCE was not detected. According to the design simulation (Fig. Sa), 

TCE concentration would be in the order of 40 µg/L when cDCE concentration reached 42 
µg/L. 

In order to fit the field data the cDCE half-life would need to be 5 times higher than the half
life for TCE (Figure Sb). The actual half-lives values of TCE and cDCE can not be discerned 

without a reliable velocity estimate. 

The half-life values for TCE and cDCE can be back calculated from the field data by inputting 

the field concentrations and residence times to the degradation model. Table 2 shows that the 
calculated half-life values for cDCE show a large variation and are much higher than the 
database values (usually less than 0.5 days). These values indicate that the velocity through 
the wall is likely unreliable. 

fucreased pH and decreased Eh measured across all transects indicate that iron corrosion takes 
place inside the wall. Increased levels of hydrocarbons in the PRB wells also indicate that 
VOCs are being degraded. Based on these measurements and observed TCE degradation we 

conclude that the iron should be reactive enough to promote the degradation of the 25-75 µg/L 
cDCE observed in the upgradient aquifer. 

Sampling artifacts 

Comparing the cDCE trends in the southern transect in September 1999 and January 2000, it 
appears that the cDCE degradation was higher and thus residence time was longer in 

3 
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September, However, the water level indicate the opposite: higher gradients and velocity 
(thus a shorter residence time) in September. The fact that there is no apparent relationship 
between cDCE concentration trends and the hydraulic gradients (flow velocities) suggests that 

the elevated cDCE concentrations in the wall may, at least partially, be influenced by 

sampling artifacts. 

There is a possibility that the samples collected inside the wall are not representative of the 

groundwater fully treated with iron. A monitoring well which is not vertical and shifted 

toward the upgradient side of the wall, may be screened in the zone much closer to the 

downgradient side than indicated by the riser location. For example, a 3Q deviation from 

plumbness would account for about 0. 7 ft shift laterally at the bottom of a 13 ft well. 

Sample results may also be influenced by the complicated flow paths in the wall. In some 
months, the groundwater levels indicate flow into the trench from the downgradient side in 

the northern and central part of the trench (Table 1), If this were occurring, the collected 

sample would not represent water treated by the full iron thickness. 

There is also a possibility that the sampled water in the southern part of the wall comes mostly 

from the high conductivity zone, where the residence time is not adequate. Based on the 
information from Parsons, the wells were purged before sampling. It is likely that the water 

recharging the wells after the initial purging comes mostly from the high conductivity zone, 
making the VOC reading appear higher. 

3.0 Specific answers to questions addressed by Parsons ES in the memorandum of 11 
February 2000 

1. Based on Eh and pH values, and small amount ofwarer moundi'flg, is it possible that iron 

oxide is precipitating in the iron wall, reducing its effectiveness? ls pH adjustment an option 
to avoid this? 

An increase pH and decrease in Eh are the effects ofiron corrosion reaction: 

Fe 0 +2H 2 0 ➔ Fe2+ +H2 +20H-

and are commonly observed in the iron systems. In many site waters, this reaction causes the 

pH to increase to about 9 to 10. As pH increases, iron hydroxide (Fe(OH)2) forms to 

counteract the formation of OH". In addition; bicarbonate (HCO;) in solution converts to 
carbonate (COt) to further buffer this pH increase, leading to precipitation of carbonate 

minerals. Formation of precipitates may cause some loss iron porosity in the long run, but 

should not have an influence on a system that has been operating for one year only. 

The seasonal groundwater level fluctuations in the wall were significant. In fact, in October 
1999 more than 60% of the iron mix in the wall was not water saturated. While we expect 
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that iron oxidation in the unsaturated (temporary) zone could cause a reduction in iron 

effectiveness, we would expect to see this effect reflected in both TCE and cDCE 

concentrations. A few years ago ETI conducted a qualitative test on iron material abandoned 

on the ground after a field installation. This material was exposed to the elements for more 

than a year. Although the iron material was covered with oxides, a laboratory test showed 

that some reactivity was maintained. 

A recent study showed that pH adjustment did not influence the amount of precipitates 

fonning in the iron system (Mackenzie et al., 1999), The pH control (pH range 7.2 - 7.8) was 

achieved in the study by addition of 15% of iron sulfide to the iron. 

2. We have observed a decrease in calcium concentration and alkalinity as water enters rhe 

wall. Could calcite be forming wirhin the wall, causing flucruarion in its effectiveness? We 

don't have srrong evidence that there is a loss in wall porosity (no mounding), however, we 

don't know why wall's effectiveness varies. 

As indicated in the previous answer, bicarbonate (HCO3) in solution converts to carbonate 

(CO3 i-) to further buffer this pH increase: 

HCO3- ➔ cot+H+ 
The carbonaie then combines with cations (Ca2

"'", Fe2+, Mg2+, etc.) in solution to form mineral 

precipitates like calcium carbonate: 

Ca2
+ + CO3 

2
• ➔ CaCO3(s> 

Again, we don't expect the amount of carbonates formed in the system during one year of 

operation could have had any effect on the system performance. The maximum amount of the 

fanned carbonates can be calculated based on a few assumptions (an iron/sand porosity of 

40%, a groundwater velocity of 0.2 ft/day and an iron/sand 2one thickness of 1 ft). The rate of 
porosity loss per pore volume of flow in the field is calculated below using these assumptions, 

and equated to an annual loss by assuming that the maximum flow rate through the system 

,+ will be about 73 pore volumes (PV)/year (0.2 ft/day + 1 ft/PV x 365 day/yr). At an assumed 

field porosity of 0.4, 1 cm3 of granular iron/sand contains 0.4 mL of water. The maximum 

(April 1999, MWt2 ~ MWT-3) measured difference in influent/effluent calcium concentration 

in the wall was 206 mg/L (5.15 mmol/L). Therefore, about 0.15 mmol/yr (0.0004 L x 5.15 

mmol/L/PV x 73 PY/yr) of calcite may precipitate in 1 cm3 of the iron/sand mix. The calcite 

precipitation rate needs to be equated to the volume of precipitate formed. The molar volume 
of calcite is 36.9 cm3/mol, therefore the yearly volume of precipitate generated in 1 cm3 would 

be about 0.0055 cm3/year (0.15 mmol/yr x 36.9 cm3/mol + 1,000 mmol/mol). This volume of 

precipitate would equate to about 1.4% armual porosity loss, 

3. Would you recommend core sampling ar this sire to better interpret our varying results? 

·* Po,-ost"lJ )os:; co.le u. I ,dt'o11.5 ho. Ye been upda.:ted a.,1d o.,tl,a,cit(i'd -lo -fk 
<?fld ot ..f), ,::i lie(/1.oran. du..rri., 5 
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We feel that core sampling would not provide any valuable information for current data 

interpretation. Eowever, if any cores remain from the wall installation, than a simple 

magnetic separation test could be undertaken on core samples to confirm the % of iron in the 
south end meets the design value. 

4. We have observed increases in methane concentrarion in the wall, which is expected. Are 

you familiar with any sites where merhane has been collected for reuse? 

We are not familiar with any efforts with methane recovery at iron wall installations. 

Considering that methane solubility is about 20 mg/L (I atm., 20° C) and the highest methane 

concentration detected in the wall was less than 1 mg/L, we are unsure of the economic 

viability ofmethane recovery. 

5. What are your recommendations for improving che effectiveness of this trench? 

Our recommendations are given below. 

4.0 Summary and Recommendations 
Flow through the PRB is not uniform, with a significant flow along the trench from north to 

south. A high permeability zone may be present in the aquifer and intersected by the 

southern part of the wall. 

TCE is degraded at all well transects to below the target levels. Monitoring results indicate 

that cDCE was not reduced sufficiently in the wall. It is difficult to pinpoint one reason for 

the cDCE concentration trends. The residence time in the wall may be insufficient due to the 
presence of the high permeability zone. Also, there is a possibility that sampling artifacts 

contribute to the elevated cDCE concentrations inside the wall. As we understand from your 

comments in our conference call, regardless of the ( one or more) reason for exceedance of the 

cDCE criterion downgradient of the wall, a remedy for these exceedances need to be 

developed in the near future. 

ETI recommends the following steps to further understand the processes undergoing in the 

wall and provide data for use in addressing the cDCE remaining downgradient of the wall: 

• checking the plumbness of the wells in the iron; 

• changing the sampling protocol to "diffusion" or "micropurging" sampling (especially 

in the wall). Selected references are attached. This change in protocol would 

hopefully allow· us to evaluate the effects of sampling artifacts on existing PRB 
performance; and 

• conducting slug test in the aquifer wells of the monitoring transects, especially at the 
south end. The resulting hydraulic data will be useful not only in evaluating current 

6 
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performance, but also in providing a basis for design of a second downgradient system 
( i.e. the groundwater velocity needed for design); 

5.0 References 

Mackenzie, P.D., Horney, D.P. and Sivavec, T.M. 1999. Mineral precipitation and porosity 

loses in granular iron columns. Journal of Hazardous Materials 68: 1-17. 

7 
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Table}. In - out head difference in the well transects. 

Transect weUs 
In- out head differenee in the transects 

04-99 05-99 06-99 07-99 08-99 09-99 ]0-99 11-99 

Across the wall 

MWT-1 --+ MWf-3 0.07 -0.17 0.01 0.03 0.03 -0.10 0.02 na 

MWT-4 --+ MWT-6 0.05 0.08 0.04 0.04 -0.02 0.03 0.05 na 

MWT-7 - MWT-9 0.07 0.92 0.13 0.14 0.67 0.2 0.16 na 

Into the wal1 

MWT-1 --+ MWT-2 0.06 -0.03 0.03 0.05 0.00 -0.03 0.00 na 

MWT-4 --+ MWT-5 0.05 0.10 0.01 O.OI -0.07 0.00 0.07 na 

MWT-7 --+ M\Vf-8 0.01 0.06 0.04 0.04 0.5] 0.08 -0.51 na 

Out of lhe wall 

MWT-2--+ MWT-3 0.01 -0.14 -0.02 -0.02 0.02 -0.07 0.02 na 

MWT-5--+ MWT-6 0.00 -0.02 0.03 0.03 0.05 0.03 -0.02 na 

MWT-8 --+ MWT-9 0.06 0.98 0.09 0.10 0.16 0.12 0.67 na 

AJongthewaU 

MWT-2 - MWT-5 0.02 0.59 0.63 I.75 1.76 1.60 1.83 na 

MWT-5--+ MWT-8 -0.06 0.15 0.75 0.85 0.79 0.10 0.21 na 

12-99 01-00 

-OJ 0.03 

0.05 0.05 

0.08 0.12 

-0.02 0.01 

0.04 0.00 

0.03 0.02 

0.01 0.02 

-0.0J 0.05 

0.05 0.10 

0.54 0.35 

0.01 -0.08 
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Table 2. Residence time and half-lives based on the monitoring results 

RT based 
on 

calculated 
K Velocity velocity TCE concn 

Hydr. (ft/day) (ft/day) (hrs) {µg/L) 

Transect Gradient Upgrd Wall 

k4pr-99 
North 0.012 31 2.5 IO 23 
Middle 0.008 6.2 0.3 73 2 
South 0.012 5.6 0.4 54 430 
Jun-99 
North 0.002 31 0.4 58 8 
Middle 0.007 6.2 0.3 84 2 
South 0.022 5.6 0.8 29 530 

Sept.1999 I 

Northa - 31 - nd 

Middle 0.005 6.2 0.2 115 nd 

South 0.033 5.6 1.2 19 480 
Jan.2000 
[North 0.005 31 1.0 24 18 
Middle 0.008 6.2 0.3 72 nd 
South 0.02 5.6 0.7 31 480 

This table has been updated on 3/14/2000 based on Slug test results of May 1999 

a A reversed gradient was observed in this transect 

nd- not detected, ND - not determined 

nd 
nd 

nd 

nd 
nd 
nd 

nd 

nd 
nd 

nd 
nd 
nd 

cDCE concn Half-lives based on 
{µg/L) the RT (hrs) 

Upgrd Wall TCE cDCE 

73 27 <7 17 
49 nd ND <16 
20 nd <7 <7 

32 6 ND 24 
82 20 ND 42 
32 42 <3.5 15 

6 nd ND ND 
40 5 ND 39 
25 7 <2 4 

72 23 <7 14 
58 7 ND 23 
22 55 <4 25 
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Figure 2, Magnitude of the lateral gradient and the water level inside the iron wall. 
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Figure. 4. Typical moJar conversion for chlorinated eilienes. 

100% vc 

,/ 

Non-Ch1orinated 
End Products 

C 
C. 

I 
30 
> ,. 

I 
C 
C 

C 
C. 

u 
a 
--.: 
30 

-,
::<: 
C 
30 

I 
IT 
::2 
-= -,. 
C 
30 
IT -
> .--
-
IT 
r 
:::I 
2 
C 
r 
C 
,:;;-

IT 
v. 

-
:2 
r: 

u 
-
a: 

I 
_.,. 
0-, 

I 

"' "' c:; 
<C 

I 
0-, 
co ~ 
""""CJ 

_.,. 
...... 

-,-, 
I 

0-, 
0-, 

CD 



uJ-M/\1'(-UU u~: OO~M rt<uM-t:IIV I t<UMl:. I Al. I t:l..MIIUl.U~ It:~ I Ill.. 

envIrometa1 technologies inc. 

1000 -------------------------, 

-~ 100 
~ 
§ 

~ 
ID 
5 10 
§ 

(..) 
VC 

/ 
42 µg/L cDCE 

~-~ TCE 

-----------

June 1999 
TCE Half-life= 3 hrs 
cDCEHalf-life = 6 hrs 
VC Half-life = 6 hrs 

cDCE 

--------1 -f.:.-..-----,.----...----,.--,.---,--r---r---r-....---,-----....;a;...,..._,...-r----,---r-...---r--i 

0 4 8 12 16 20 24 28 32 36 40 

1000 ___ .....__ _____________________ ,__, 

b) June 1999 
TCE Half-life = 3 hrs 
cDCE halHfe = 15 hrs 
VC Half-life = 6 hrs 

~ 100 _g 42 µg/L cDCE 

/ 
C: 

.Q 
~ .... 
ID 
C: 
u 10 
C: 
0 

(..) 

1 -1-'--~-r---,--r---r.._~...,..--,r---.---T--r----r--..-""'T""--,~------.,.....-,..~ 

0 1 0 20 30 40 50 60 70 80 90 100 

Time (hrs) ~ ~~°" 
~ jJllfjDO 

Figure 5. Simulation of voe degradation based on the June 1999 monitoring results: 
a) typical half lives from database; b) half-life of cDCE incresed 2.5 times. 



Porosity Loss Calculation Updates 

These updates refer to the note on the bottom of page 5 ofETI's Memorandum of March 2, 2000. 

Groundwater velocity= 0.73 ft/day - Average of groundwater velocities of Table 6-2. 

0.73 ft 
__ d_a_y x365 day = 266.5 PV 

1 ft year yr 
PV 

The maximum difference between influent and effluent calcium concentration, 144.Smg/L was 
measured in September 1999 between MWT-7 and-8. 

144.5mg 
___ L_= 3_61 mmol 

40 mg L 
mmol 

mmol 
0.0004Lx3.61-- PV l 
______ L_x266.5- = 0.38 mmo 

PV ~ ~ 

0.38 mmol x36.9 cm; J 

yr mo! = 0.0140 cm 

1000 
mmol yr 

' mo! 

0.0140 cm 
3 

yr 
---

3
-x100% = 3.5% 

0.4cm 

Based on this rate of porosity loss, design life of existing reactive wall is the following: 

0.4cm 3 
- 0.15cm 3 

18 J = yr 
0.0140 cm 

yr 

Calculations verified by ETI on 3/27/2000 

P:\pit\projects\seneca\irontrnc\draftmemo\porosity.doc 
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l)iffusion Samplers as an 
Inexpensive Approach to Monitoring voes 
in Ground Water 
by Don A. ~bluk)I and W. Thoma.r H~de 

REC!IVeD ZD·JAN·DO 0Z:36PM. 

Introduction 
The t)'J'liail a11promm lO sampUna 

observ111J0n wells for volatile organic 
com1,nund.q (VOO.) lnvolv~ pUf8• 
i~ti lhe wc.JJ1,; or ciu:tns waler prtar to · 
coJlectills the water quaUty sar11plc. 
Often, the purging removes at lcaat 
three an,ing volumtlll of w::ater, or 
enough water until selected water 
quaU,y pa,-amo~ siabilim. Recent 
sludies, however, a:ugge,a that 
removing lhrca I.O fivu ottt1ing vol
llmctl of waler prior to sampling. as 
11uggeo11od b)' the U .s. 'B1lYltonmon• 
ral Protection Agency (BPA) 
(1 !)86). itt 11umc.,timc11 unnc;c;csHry 
and, in somo cases, may produce. 
undcsinhlc cffccla (Oib& llQd 
lmbtigoU.a 1990; Powell and Puls 
J 99.;I; Kearl ct al, 1992; B11?1Xlona ct 
ul, 1994). Moreover. incroasing, lbr, 
purge volumes can incrensc the 
rndius o! aquiCcr influenced by the 

. pwnplng. re::,;ultJng in a sampJc tha\ 
may rcpre.ii:~t an iolegration of dlf
tcring wa1.er cypes. Tbue, ll often is 
dc&irablc lo ndniarui,.c well purging 
prior Lo oblainios reprecentative 
11.11mplec. 

Data from recui,t. inva11tigatioru,· 
s:ugsC$1. tb:H tl1e Wllt.e.r in1me.diab;ly 
adj11ce.nt to a well sg-een sometlm~ 
r;;,n be. representative of aquifer 
water prior to purging. Robin and 
Gilllwm (10&7) 11howcd lhal around 
waler a.1. th~ir lril~ mov~d through 
Lhe ~-ned port.ion of a woll wlth 
little intornation or mixing whh 
watOl' Jn lhe overlying well CAiling. 
PawoU aad Puls (1993) u11cd \rttter 
tlludies tn show that, for thrco or Lhc 
four w,_.lh; 1.hoy o,cn1nin~, th~ wator 
in_ lh_c l:Croo'?ud inlorv;d exehangfld 
w1lli furm~h"n w11~.r and did not 
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Fl&\.lrD 1. Downhul11 dlffuc;lon Hmplor. 

~is:ilfic:antly mh: with ovc1·lyir13 c;1!.i11e, wMcr u11lci-:.1, uii.:~ 
IUl'bad. ln the four\h w~ll, Powell ~md Pul~ ()O\'l~) found 
that Lh~ c:ii.ing w:o: cc,1,i;t;mlly r~plunii.:hc.:.c.l with fornH1-
1io,, Wlll~l' lhroughout iii: voh,me wilh Huie or no limi, 
avniloblc fo1• sll\F,IHILltm of C"'!t,:ing wi.tor·. 1'111.• ,-1ucliui; 
in1J>lil!d !lrnt flow through the woll ;ic:1·,,n~ 1 hu i:cn..11.mod 
intMv:1I w~s: ofto" llorhmi,1,1/ tmcl lmninur nnd l'epttiscn-
1111lvu ,,f' formlllio1l wnler. Kefll'I i.,t :il. (19\>3) u1-1cJ tt 

downhnlc colloid.\'ll hol'~sco1,c lo provicic vi111.111I :,;1Jf1rurl 
of I hifl l,yporhcRis hy .showins :iclvC.1c:I ion ,,f 1111spcnclcd 
:ciccJimcnt ~c1·os~ 1hc hl)rcholc. 'l'hu.1, i11;; w..:11 ,vilh lwri
zonlnl. l11min;,1• fl~,w ac1'tl1>!< 1 lw :-crccn i.:.d inl Cl'vnl nnd lit• 
lie i11t,~l'nclio11 ()I' di!llurl)1\IH'~: (if lht: (lV~l'lyinp. w:ilcr col-
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1-oU/ P.U~/14 r-b/4 
_,.. .._,.,, -• "'-'M'I I"'•• 

umn, 11 ■nmpllnB devi~ In the IIOf'Ooncd fnlorvnl polcn• 
1h11ly could he uiod 1(1 C(.1llc:-e1 n tcprc-scnlallvc ""mplo 
while miniml:..:ini di11turhnncc c.i( lhc tl'Vcrlylne winer 
cuhnnn in lhc horoholc, ; 

ltlh::rnnlivc in1:1hod1J ho11\IC been dcvclnpcd In ah111in 
rcprc::,cn1ntivc nc1uirc:r ~"'"rh.::\ with minimnl dhnur• 
huni:c or lhts lio1·r:holc Willer culumn. One mctluul 
inv(,lvc.,l'I plncin~ r,nckcrs In lhc well nr hnrcl10lu ,n fso• 
hnc si,cclflc ln1crvnh; tlu,, ciao lhcn b'-' 1rnmpcd 
(011¥orm1 Cl 111. l 'J~~; Kaminsky Md Wylie 199.S). 
MICfOJ>l:lr4tlnll- nn addhfonal ll)fll'OIU:h. URCII dodh.•stlc.!tl 
lllllUJl!i whh hHAkC.!i ,,111ccd !!!IUWH)' In lhc screened 
.h:wm,11l1J. Hy (lumr,lni ui n rate sJow enouO,}\ lo c11r,,;. 
n111c c.lrnwdown In 1he \1oreholc. rcprci;~n,alivc Alll'1Jllc:s 
nf Ille c1t1utrcr c:an t,c olmdned while n,inhni~inn tllslur-

.. h,rn·ce flf lht civcrlyin~ wnlcr coruinn uhnve lhe 
t.c1•cc,,cd intcrvnl (lhrcclanu ol 111. 1UV4: Shnnlclin c:I ~I. 
I 'J'J~). ·111cso methods reduce the nmount or JlUr~e 
waler. hul dt) nn1 climhu\lc it. An npt,ru;u:h lhnl ha11 lho 
f'(llC1lll11I ,,, c.li1nina\ll p,11-u~ w.t(or ill tho PML.c; pa,:,;ivo 
~.umpla~ (Knplan el al. 1901 ), Tho IUl.nlplor ruli"M c.,n 
mnvcmcnl of borehole i:nlurcs into r,ror,rietury dialysis 
cull11 cwu,lninin~ diutilfod W6\lcr. '111c colla aro v0rtic111ly 
scpnrntcd hy flcidhlc 11cnJli lo provida nrnllihwc) infnr
mntlan n,, irounLI w..lor <1u:1tily. 

Th" purpu:.c or this pnper is to present 11n inoxpcn-
11ivc 11llcrnftlivc n,olhod l() nJlnw mutino monilc:,ring oJ 
VOCs in Qround wat~r at ohscrvalion wells. The 
met hnd urioN r,olyul hyl0nc hu~:s os scmir,c1·mcnhlc;: ··
mcmhrnnes lo·nllow diffusion or VOCi. frnm lhc 
Bm.und Wll\ct Allhl tl,c Wf11C::r-fill'-1d bur.s. 'Inc: iludy nrcll 
Cur lhis invcslia11tion wns n ps-lurhinc 011muf11c1urinA 
f11ci1lcy in Orccnvlllc. South C1trollnn. The i,.round 
W,tter bcncnth lhc facirily wns contaminated wilh chJc,. 
rlnnled VOC.'".!; (CVOC".s). ·niu c.Jomimml con!lllluems or 
,11c con1111uh\/Hi(111 wcru 1c1ruchloroethcnc (Pr:n). 
1rlchlnroclhcnc (TCE). cis J.2-dichlur-octhcnl.l (cit, 1.2-
PCE). trnns 1.2-ctlc:hloroath<me (lrant-: 1.2-nCE.). 1.1-
dlchlorocthanc ( I.J .JJCA). ant.I vln~I chloride {VC') . 

.. Conrnminlitc.d l\rouncl woler Al the r1u:llily rnovos 
lhmugh bolh n rrActuro.cl■rnck 1u1uirar nnd "" ovot•Jying 
£nproJhic :.:ani.l.. l.li(fu.,inn 11.1mplor~ woro te&toJ ia\ two 
wellli uron ton frnctured .. rcx:k Rq\tifor Rm..l in lhruu wollu 
i;croonod in i;npr<1Jico. RucLlhN ,1h1,,imtd u~in~ lho H1101-

plc~ wero oompnrcd to ,•u~ultn C\btnincd ui:l11s -. 11uh
n10r11lhlc clcclric rump. a hJnclder JHlmp, 11nJ b:,ilcr 
mc.ilhodt1. 

Methodolo2y 
1'h~ dlffu£1an siamplcm: 1c:ul.od in lhi11 invei.lignllon 

wc,•e (lnlyclhylono. \,::,El,: conlninius doioni.:i:ud w:11ur: 
'l11Q. ~hilily uf pulyoihylona to tr;m~mit CVOCs 11nd 
a1'(11nulic VOCI:, ,;uch I\R hcmmnc., &md loluanc., from ft 

wotor pha1:o tn ft v;1pur phnso hmi hoon Jomo11~ll'llled in 
r,ro,iiou~ puhliclllium1 (Vroblc11ky cl NI. 1991. 1992, 1994, 
1006; ~ffTP 191)~). The uso of wAtor Ii, 1hc ['lt\lyclhy1enc: 
bag,i In , h hi invusliC" lion simplifloi. lhc "n:\lyse11 by 
nllc!wini wulur »nmple1o1 ohtoincd trnm tho ditru1i0n 
,mrnploru to be nnnlyr.od ui;lng the i1ornc mclhodc,ln£)' as 
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wau:r 1Amplo1 c:olloclod dlreoCJ)' from U.11 ~oll w:tns tn
dl\lol11l 11ppraaabe1, 

In (ha ~•Una poriod r,om OC\.Obct 1995 lo January 
Ul9d. LhQ diffu■i1)n aampJora wore u\romoly 1impl0, 
cnnll■dnJ merely ot 1oal11blo nndwlch b1tizA nhtalnutl 
from 1he Joi:al atOccn' 11.0TC, Tho b11~ wcro plft00d ln 
Tenon• t:cteeru& and loworcd down obaorvatlon woll11 by 
mC81'1 of •trln1P1, 1n line 1996, 'WO f11bric:111cJ elongated 
pol)'1.ilhylc11e slec\lCS wltl\ a Toflon v11lv0 11Uachcd lo 1.h0 
bottom (Fiau,c 1) and conltnued 1hc tcatf. The volume 
ot lhc polyothylcne lleovua can be adJW1lcd dcpcndina 
on th• 11hc-1peclfic rcquiremenu;. 1>l1f a vnluma or 
approxim1ncly lOO mL was u1ucl clurJnr. 1hL: tc1Un& 
involved in \.hr:ac experimcnu. Will1 LIie exception nf • 
test in Well PW•34C in JRnuary l!i1S16, \he water-filled 
bag, cu12"'1ncd no \rapped nlr. 

ln the 1arrolitc part o! tl\e uquircr, lbe c1Ul\Jslon 
samplers wore placed wilhirt the sc:recncd lD.tervaJ nr 
u,e well$ (Table 1), In Well PW-34C. open \o Lho fr11c-
1urcd-rock parl of tbe •quifor, pla"mcnt of lbe dirru
aloa •omplon Wfltt dalormirtod baHd on .ac.o10su: ond 
gooph;picol logCJ of 1bo -wallu, 1-loat-pulllu nnwmeter 
data indicated that waler was moving vertically upward 
between fr11~\ure1 in Wo.ll PW-34C in ro1ponvc to 
pumpagc at a nc11rby contaminated ground water 
rcmovol well, Apptoxima\.Cly 53 gaVird.n (200 Umin) nf 
wal.er wc:ro enloring Weill PW-34C through a fracture 
:,.noc at lhc base of the bolo approxlme\.c-.ly 1 ?9 feet 
(54.S m) below land surface (his) and exiting through 
two l'nlelurcs nL dcpU1s of 104.2. and 106 feet (31,8 and . •, 
32.3 m) bis (Idler 1994). The diffusion samplm in Well 
PW•34C were pl11ccd ID Lha zone or rnovlng wntor 11t e 
depth of 14S !el:!.L (44.2. m) bJs. , 

Welt W0-408 alao was open LP the trnaurcd•rock 
aqww. The. boring Jo11, for w~l WQ•40B 1ndiclll.Bd that 
fractures were present in \he borebule al depths of 41,7 
and 42.3 feet. The dJ.t!uslon samplers were ww;pc:ndcd in 
ibe vicinity ot \hu rractures al a depth o( about 42 feet. 

'111e s~mplen were in place for periods ran~n~ from 
11 la 54 dn)'~- The:. con:elation between samples recov• 
orod from the wellborcii: anti the rospeclivc. diffusion 
1amplllT hn1,Uo1 tbitL auf'fJcicnt Umc. hed clap!Jud LO 
allow equilibration of th11 rJirrw:ion ~mplerc. 

R~v•ry af lho diffu~ion saanphmi consisted of 

1-cu1 P.U~/14 r-ti/4 

removing the umplcn Crom the w.,U by mNn1 or tho 
au,chcd 1\rlnus 11nd acntly paurina Wlt~r from the ■lffl• 
pion jnlu 40-mL aw.e sampUna vlala. The umplca were 
lha.n rrc~t:rved with lhrcc drapy o{ hydrochloric: acid 
and capped with Tenun-llncd ,cpta, JC aeration or a 
eRmJ)lo waa 1uwpc.c1cd, or U 'bubblea were observed In 1 
Yll\11 the flample wn11 dlac::arded and II naw sample wali 
colloctod. l'bc water 11amplu w~rc dcUvisred to a pn• 
vatu h1hor11to,,. oa lho dR)' nf oolloction £or a1'alysJs; by 
EPA method R2fiO (U.S. BPA 1986), 

An additiontt.l apptnACh to coJ1~gling san,plea wa11 
lcstcd in Wull PW-34C. A diff u11ic>n aamplor cantaintna 
twn ◄0-mL unCflppcd gJaas aamplina vials was alao in 
Well PW-34C 11dj~ccnl to th1:1 at11ndurd dirrunlan sam
plcns (c:onlnlnlng no aampUns via.It) durin~ ihc cquiH• 
brntian pcrjod ending in October 1995, Upon rCGO'lery 
l'lf the sampler, the vlnb1 were rcm~d from tho mom
brnnc. Jlfc~crved with h)'dTOchloric acid, nnd cappicd. 
The appro1ch wa11 intended lo reduce voJatiUzation loia 
!rum pnurlni the ■ample tntu the viala; huw~vcr, 113 will 
be sh0\11Jl. lhc concentraliuos obuuncd by in~uaicm or 
vials whhJn Lbc membranes were lawcr than thmo 
obl11lncd using oUJcr mcthoda, 

Rc.sut~ obtained u111ins I.he dl1Turdon samplm were 
compared lo results obtained using a variety or stan
dard w11tc:r colleclicn techniques. The technique:$ 
i11cluded sampling Without plior purging or casing waier 
ui.ing II Well Waard hi.adder pump. purging and &am
pling with a Orundfos submersible pump, purging With 
a aubmursible rwnp and sampling with a bladder pump, 
Sllffll)llng withoui purging using II point b'OUl'CC baller Jn 
"w13U where ground waler is '1ctively moving in the 
wcllbore, and pursing and sampling whb bailern. 

In Au5u1t 1,516, dirruainn amplen wurc atUtched lo 
lhc hnuom of a bladder JlUmp and the bladder pump 
wat1 lowered lo the taigel horium in Well PW--34C 'Ille 
pump nml dlffil:dnn sampl0Tll remained undisturbed in 
lhc woll for 34 d11ys. Snmr,le rec:overy consisted of fll"St 
pumr,lng three tubing and pwnp volumes of wa\cr Crom 
the well usl11·i;: lhe bladder pump at appraxim11tely 
1 g.al/1nin or lcmi (3.785 Umin). Purging or casing water 
w1111 noL nccCMary bt:ciitul!rc: ftppraxfmatoly 53 gal/min 
(200 Umin) <if water were moving lhrough the &ampled 
fnterval. A water snmple for VOO, lhc::n wa11 collc:etcd 

Table 1 
Well COIISIMIC!llon 1nd Sanapllna: Dann 

Smnplcr Saniplcr Callng S1b1plct Screened Open 
w.u lnJtaU•tlon Keaweey l)lamlffl!'I' Depth lntm-aJ Jntcn-al Aquirer 
NUlllbct Date Dafo (lnehet) (Feet bit) (Feet his) (Fed bis) Type 
rw.34c 10/619S J0/11195 6 145 NA 3?.S.J79 Frmu~ Rode 
l"W-3-CC 1218/05 1/IJ/96 6 l45 NA 37.!1-]79 Pnleu.irec:tRock 
~ 8/30ISl6 l0/lm6 6 14.'I" NA 37~-179 Pr1u;lum.l Rack 
W0-4DB 8/l0/96 10/)8/96 4 42 NA 38.2-58.9 FrRclured Rock 
we~ 1218/95 i/3119c) 2. 1 !> 13,7.5•2.1,95 NA Saprolita 
WQ,74R 12/IWS 1/U/96 2 37.S 2.9.2,,39.2 NA Saproll1c 
WQ,81 12JIJl9S 1/1~/96 ,. 33 2K.3-31L3 NA Si,pn,Jllc ... 
bl,; t..taw land 111rt1uia 
NA.t ntll applic::ftblD 
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u11lna 'the 'bladder pump. 1mm4diately after collcscUng 
the bladder pump 11mple, lhu bladder pump and 
a uachcd dlffuaion aamphm wcr~ rcmn-1cd from the 
well, •nd water samplca wc,rc recovered from 1ho diftu• 
alon 1amplm. 

Roaul\a oblalned ualna the diffusion sampluni &dHCl 
were compared io results obUlinod hy purging and »Hm• 
fllias with I Onlndtos 1ubmenible J1Ump as well na lo 
..ampllna wlth a Woll Wiaard bladder pump 111\cr purg
loa wilh a submenlblc pump. Dlffwion samplen wero 
placed adjacanl lo fractures in Well WO-40D and 
1l10\lfed to equilibntle fc,r 49 days, At Uie end of lhc 
equilibration period, the diffusion siunplen wctts r~\1-
cred alld the water wu tran.sforred t.c, umple boltles. 
Aj\Qr rl!movins the diffwdon swnplen. a o,undfOll aub
mer&iblc pump wn• loworcd lnto the well nnd Wied 1.0 
purge,. t.hro.o ca1l113 volumes or water. W11ter ~mp lea for 
VOCa wafO ,han coUec:ted w.i119 lhc 11ubrnermble pump , , 
at a pumping rate of leK than 1 pl/min (.1.?85 Umln), 
'l'ho pump w111 \hon removed and replaced .whh a Well 
Wir.11,.d bJaddOl' purap. W11lcr aantr,ICA for voew were 
aollcotod uaina tho bladder pui;np al a pumr,lns rate ot 

01~-/4b-nU~ 

:.1-:, '"° ~;, 1-607 P. 10/14 F-674 
1111m,, ._... ~ ..,...,,....,. 1, 

lcu than 1 p,al/mln ~.785 IJmln), 
l'nllowlng rocovory ur lho dtrru1lon 1t1mp1on in 

Jnnu11ry 19fJ6, Wella WQ.67, W0-74AR, 11nd WO-87 
wero purgotl or lhreo caatna vohamea of wattr utlna a 
bailer. Well PW-34C wu nol puraod tor ro110111 previ• 
ou5ly discussed, Wntor 1nmplu11 rr,,m Iha well, ~cro 
ablained by loworlng a point IK'lurce hailer \o tho depth 
or the diffusion sampltr. Upon roe<1vary of l1to bail~. 
water samples wore calJccted by sJnwly filling sample
rh\lCd glass 40-mL viabt !rum • boUom-diacharga bailer 
inlo lhu boUom or the vials, The vials were a11owed to 
overflow sevorul 11econd1, and the samples Wero thc.n 
1lrc,crvcd with three drops of hYdroch1oric add. S11mplo 
buUlea were car,pod with Tctlon-Jlned botdc caps. JC aer .. 
ulion of n 1rnmplo waa 1tu11pcctcd. or ff bubblc11 were 
obscncd in u boUlc. lho. 11ampJc wai di1cardcd, and a 
new umplc wuv cot1',cled (U.S. EPA 1986). 

'J')uplicatc Hms,Jes were collegtad Crom a 11inr:lc 
bllilor or ,..,a,or al Woll PW-34C durlna two sornpllna 
ewnt&: Oclober 1995 ftnd January 1996. Dupliceto sam
plca were collected from a sin,le difl'uvion tnmpllJJ' in 
Jatnu1try 1996 at all a.It.ca. · -

' Table 2 
Comparison of CVOC Co11CUtntlom from SubmcmoJe Electric Pump, 

Bbuldvr Parap. and l>lflmlon Samplc:nl 

WeHuul t:~:: •CR TCE c-J,1-l)CI~ M.Z..l>CR 1,1•1>C4 vc 
samplcJD Dalo (~ (p.«/1.) Ctlfll•> (JLCfL) (l,1,UIL) (Ji,Wl,) 

PW-J4C1C l0/3'96 :Pladder 806 1830 m <5 8.S 41 
Pump 

PW-34C1C 1M1'515 Bladder 749 1170 310 8.9 8.5 4],6 
. (hpl.) Pump 
l'W•34C2C J0/3/96 DS(3Mi1) 953 2170 267 <S 8..5 44.l 
PW-34C2C JQJJ.11.16 DS (3Mit) 1170 2520 302 <.'i g 46.5 

(!lopl,) 
PW·:MC3C 1nt3/I>& 'DS (.f Mil) 896 2000 252 <S 7.4 ,4U 

PW•34C SC 10/l/96 DS (4MJI) 1300 2640 329 <.5 7.7 44,g 
(R11pl.) 

WQ...aDJD 1D.IJ8/0ti Blad<lct 12V 148 1'130 46.1 11.b 3U 
Pua1p 

W0.400 lD 1M8196 Bllldder 129 148 11?0 46.Ci 77.IJ 178 
(ltepl,) rump 

WQ.40B2D lMS/96 SubmenlWe 132 14(, 1870 44.2 H2.S 356 
Iilcclrl" 

W0-40U2D JQ/JB/96 · SuhmandWe 131 146 18.'iO 43.4 K3 343 
(Ropl,) Ulcc.nrlc 

WQ-40B3D 10/l!WG DS(3Mil) 141 1!i9 1720 4S.3 ?U, 370 
WQ-4083)) 10/18196 llS (l MIi) 163 lSl USO 41 .. 1 68.9 '1J3 
{Rllpl,) 

WQ•4CP4D l0/18N6 OS (4 MIi} 143 163 1700 41,9 7-4,l 35.S 
WQ..OD ◄D lllll!W6 DS (4Mfl) Ui6 14$ 1$90 42 66.! 25k) 

(Ropl.) 

l'Cl!I Tolr~ot"0olhon1:1 l)S: l>lrtuslon 1111n,(llcr method 
TL"I!: 1'rlclllUTOGthona IIINclckr Pum11: Ws:11 Wl¥ard bwldtr pump 
C-1,Z.J'JCJl: ell J,2•dlCIJ10rD"'11ClhC ~ubmdnltlk: ~i:c:1rlc: Orunctras :111tnncnlblo cfc:arfc: pump 
t-1,2,1)(:6; \f-1n1 l,Wlciblon,odl1n, 11-(VLI mlcrow11n\6 per lltor 
1,1 ,OCA: 1. 1 -dlchlor'Oo1hano 3 Mil: Tlliclcnasa or Ibo f)Ol)'o1byJcne wa, 3 1nll 
VC: Vlnyt chlorida 4 MIi: 'Tiaic:knca nr lht pnlyo\hyhme w111 ,4 mil 
Rcpl.: replicate 

llO ■ IUMrt1Ek ltt7 GWMR 
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Results and Dl1cu11Ion 
Wt1\0r chemt&U')' reaultl (Tllblc:a 111nd 3) ■h,,wod th11i 

lho woll11 Used ror Utls lnvcatlp\lon contained wn~r with 
I\ broad r11na~ in conconU'I\JOnl Of CVOCa. Woll PW-
34'C wu opat to a part or \he aqutr~r mn1tdnlna hi#h 
concentration, or CVOO. (>2000 µ.g/1~ nf TCP..), and 
Wolw WQ-67 1n1d WQ-74R were screened In uawnu,m
inali:d parll of tbe aqu1rcr. WeU WQ·8'7 eontainod mid• 
riu'Bo oo~n\rations of cvoes (api,taxlnuucly '50 \a 
400 µ.gl).. of TCS). Well WQ-4011 contained m1d-ran1= 
QC.1"CCnlratla111 of TCS (appro!dmaialy l•5101~9 ...,JL). 
and rolatlvety high ooncen.1.rallon, of cl1 1.'-•DCB 
(approximately 14.liO to 1Y'70 ...aJL). 

ln general, the CVOC cao~niratloni, In waler 
obtained with Lhc cliliuaion ■ampler• priot to pufllna 
wurc •imilar to t.hc CVOC conccnlratlons in water 

519-746-2209 . _, .. _, ..... ---- T-607 P. l l/14 -- ·- - - ·- - - -
F-674 

obtainod b, rurslna and nmpUDll Willl • 111bmohlblo 
•l•rlc pu"'r and to U'IOIG obtained by c,uralna wl\h a 
1ubmQ'11Jble oJ.-o\tloal pump 11nd .. mr,lna with a blad. 
dor pump (Flguro 2). Av•raac concenttatlona ar 
dulcc:tod U\IOC1 111 \ho dlffu■ion 11mp1e,- dlffored 
from the avoreao conaentratlan1 or \ho reapecUvc 
CVOC. 1>ht1lned utl"8 the •ubmordbla l!eclrlcal 'PUfflP 
by anl~ 9,1 pcrmnl in waler tram Well WQ...u>a and by 
·11.s pc:roonL rram th• a.,,o,age conoonnatlon, or Lile 
fRJ'Cclivc CVOCI obtained by aampling with a bli.\ddct 
pump af\1:1, purging wi\h a 111bmC11llblo pump in WDU 
Wo-408, 

A comparlaon of: die dllfuliun tample.ra and • bh1d-. 
der pump Jleldc:d similar resulls ot Well PW .. 34C 
(Figure l). The avcr■Ba conc:cnLr11tl0a, or cl~tecle.d 
cvoes 1D walCI' from \he diffulion a1mplen dittcrcd 
by 11.!f pcrcen, rrom the a~sc: ~n,raLions of \he 

Table 3 
Comparllan of CYOC Ccmce.-lnllonl D'om DnUm, und DllliMloa SasnplWII 

Wt!Utmd S.-pllar;. •at TClt C-1.z.DCE 11-:1.,HJCB 11l•DCA "C 
llutplo ID Dai. Mat.bod 6,.f/1.l (&&IIL) (~) ~) (.....,,) . ,..-., 
PW-34C1A 10IJ71'1S Dauer 2000 2500· :no c:40 .. <'4() 130 
PW·:i.4ClA 10,17,ig.5 Baller 1800 mao 460 -c-tO ~o OJ 
(Rcpl.) ' 

PW..J4C2A 11Y1'719S DS 1000 zzoo •90 <40 <40 91 
a•w-Jo4C2A 10/l719S DS 2000 ~ !iQO <'4(1 ~ OS 
(RO(ll.) 

10ft7195 DS 2000 :J.100 ~ <40 PW-l'CSA <40 98 • 1, 
PW-34ClA lo/1'7195 Viul'Tbll 710 770 170 <ICO <AO ..;,40 .. -. 
~'.UL) •. CJA 1Q/J7195 Vial Test lt!IO 940 22-0 <40 dO dD ·-. 
(Rcpl.) ... .. 

i»W'-!ilC SB SIUl96 nau. 1IIOO 2290 389 d U.3 "16 
PW•34C1D J/11JD6 Bailer 18.10 1320 -409 6.1 J3.7 19 

(Jtcpl,) 
J/11196 DS with bubble, 1510 VW·34C2D 2520 •ii ,.1 23.3 ,, 

PW-3.C2B tnl/06 DS with bubble CS'78 1240 490 53 12.1 89 
(Jlepl,) 

PW-34C3J5 l/1119(5 DS 1260 2010 2P) 6.4 12."Z 56 
rw,3403D l/111J6 PS 1750 2230 3% 6 13.t S4 
{llcpl,) 

WQ-6'74D 1/l!Mi Bidle, c.'i <5 <5 <S <:t <10 
WQ-6758 ll1Jl96 DS d 0 d d d <10 
WQ-6'758 1n1~ OS d d d <5 <5 <10 
(Jqpl.) 

\YQ-NR68 1l1JIP6 D1tilo:r <S <.'i <5 <S cl <10 
WQ-'7,tt?B lnl/P6 DS <S d <5 <5 <S .c:10 
WQ.'74R 7B lnl.196 DS <5 d <5 <5 d <10 

(Rapl,) 

WQ.878D 1/11196 Baller 7,J1, 379 ,, d 4 <10 
W0-8"198 l/11191'> PS 2H7 SQ~ 3,d <S. <5 <10 
WQ-8'798 1/11)$16 tJS no 3&1 34 d d <10 

(Rcp1.) 

,-CU: Talnob'-•"ono lUpl,: 1q1llauu 
TCB1 Trlehlu~lhDno DS: llllTiaidon 111n11111.1r mc,thod 
c•J.2•DC8; CU J>dldilorouU11111t OS wllll blll>tllo; 1'11tuslcm ump.ltsr 00nudncci idr bubble 
t-1.i-DCB: tr&DI U.dDlchlOtoelbel\Ci .. Yh11 TU11S: RIUllpl• V~1• - ... wllh.ln cUff~CHI :wnplcr l.lurblti 
l.l tn::A: l,l-dldllorov1hilno cquNhrlwon period · 
VC: Vinyl llhloriN ia.111.: mknignim• pet lil"1' 

SUMMIR 1007 GWMR ■ ll1 
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fl&UR Z. ComplU'IIOn Gt HmP1•• obtalnad trvm 3""411 Md 4-
Ull·dtlck clowMolt dlftiu&lon 1amplan IDS) ID Mmpla obtained 
D,r IIUl.l,(RJI, 1nd 1■mpllna: with • aubmentljle pump •"4 1111 1am• 
..... Otltallltd br Pllrllnl with I 1ultmoralblt pump Ind nm• 
Dllnl Wllh I Dhlddw pump In Wv1I fflMOB, Auauat 1198. 

re11po.c1Jvc cvoc, obtained by samplln2 with lhe blad• 
der pump trom the same interval without pur,inr;. 
Dlf'l'erenom In tbe conC(!ntratlons o! C..'"VOCa hctwecn 
the S..Mil-1.hu:k and '-Mil-thick diffuslon sampJen wero 
rolativol)' minor (Fiaure11 2 and 3)_ 

Bxarah1ation of individua.1 cvoo ahowc.d 11001e 
variations t,otween con~\ration11 obtafnecJ \llilh tho 
difi'u11lon samplers and coucentralic.>ni oht.alnad with 
t.he bladder pump. Tho avorage PCB conc:cntra1.fon 
(l 019 ~L. standard deviation 163.5 J.1-s/L for !our aRm• 
pl1111) in diffusion eamplers from Woll PW-34C in 
October 1!.lg6 waa approximat•l~ 28 porccnt higher 
Lbaa \hG overage PCB QODOOfltra\ion (717.S f',g/1., cian
dard dciviatiun 2.8.S t1-s/L for two sfimplaa) abtained 
l.lsins tho bladdor pump. Uk.0wise1 the average TCB 
~on=ntraf.ion (2332.5 Ja,g/1-, ~tandard deviation 2$8,2 •, 
p.g/L foT' tout umplcs) in diftuilnn aomplor11 w1111 

appro:ii:imntc:ly 14 percent higher thnn avcr,i11:e TCB 
~Dc:@n1.ra\lan (2000 IJ,g/L, 11'1ndard deviation 170 l'-g/L 
tor two 11mple11) obtzdncd u5ia1 the t,h1ddcr pump 
(lllblc 2), ObtalnlnJX II wntcr 5Qmplc wilh 01c bladder 
l)Umri 11\ 145-toot dcp\h no~e.J111it1tcd ui.ing II higher 
pump diacharge presaurs 1.han needed far 1i:hnl10wcr 
weUlll. ThUR, altllouah tlle. pumplnJt rate wa11 Jcu than 1 
sailon per mlnUto, \ho dl11c:harge veloclly or individual 
pul11c11 from ihe hJaddor pump may hPVC been hl1r,h 
enaugb to allow voe vnlalfll21ll1on durJni ~am111~ cal
Jec\inn. The bla.Jier concentratlona or VOCI tn 1.hc dif• 
fusion K~mplars retrulvci to the bladder pump implle1 
that, in such 11 11ituauon, inmplcs obtained u11tni lhts dU'-

112 ■ IUMM'R 1CHl7 GWMR 

RECEIVED ZO-JAN-00 OZ:3~PM FROlif-519 748 9645 

.. tlO 

l 

J 
10 

~ 

l'l,ure a, Cvmporlton of NmplD1 DM:ilnod from 3-Mll 1111d 4-
Nl&.«hlcll dollrntiole dlffuaJon umpl■n: (09} to· 1arrq,le1 obtained 
from an l!lj)_loQv b!Addor pump whtl no purclnc In WOii PW-He, 
AulU511iff, 

fulliian szamplcn may be more ~scntotlvc than those 
obtained awna a bladder pump. 

Sfmil1rl)'. In Well W0-40B. the 11vcra1c PCB cau
ccntration (l,50.7 ~ standard deviation 9.! 1.1.vL for 
four snmpl=!) in water from uu:i diffusion umy,lers was 
upproxlmau11y 14.4 percent hlaher thnn the c::ouc;.cn1111-
tion (129 p,i/L in two aampJes) obtained using the blad
der pump and approximately 12.7 percenL higher than 
the average concentration (131.5'1,1,8/L, standard dl\Via
tlan D.S µg/L for lwo Hmple11) obtained utlQ£ the sub
menihle pump (Table 2). 'lbe overage 1'CB cop~ntra• 
lion in wawr from diffwuon riampleni in WeU WQ-40B 
(154.4 JJ.s!L» .:tundard dovia\ion 8 for four 11ample.1:) was 
1dishtl)' hfahor than tha.i:e oblained wi,h Lhc. bladder 
pump (148 ~g/1 .. in two s:amplos) and wllb the tU'b
morslbli, pump (146 µ.g/L in two samplo11:). Again. the 
hiAhcr cgnccntratiom oblltim:d with th"' diffUsion '&am
pl~rs uut;,:e11t. that. this cnlJectlan approucih oom@t.im09 
mi'IY provide more repreisenlativ~ conccnlration11 of 
PCE nnd TCB than WAier Hmplea obtained by purging 
and 1111mpJing utiins bh1ddcr r,u1nps or submerisibl~ 
pump.t. 

J3ccau:sc ground wal~r 111mptca for routine monlto.,.. 
in.& 11110 arc oommcnly obtained using bailer mclhcd11 
1he dU'(uaion Hmplc:ra were c:nmparcd to ballers nt 
wells in beth suprulil~ nnd ft11cturcd-roclc wolh1. A c.om
pnrison of1C1Sulta ublldncd in ii Lc:.,t nfthc diffusion SGm• 
plcn in Well PW·34C showed thet the concentrations ot 
CVOC11 in vilds fillod from the diffu3ion sampler, 
c:lo110ly mnn:hcd the con~ntndiun• in w11lor obt11lncd 
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from a point ,ourec bailer (Table 3). Vlnyl chlarldo, 
!•CB, TCB, and cii 1,2-l>C8 oonccnlr11Linn1 frum \h~ 
diffusion Anmplcl'll wciro within the ransc of CU11~n1r11• 
ttnna dot~ In winer rram tho bailer. 

A te11t or an nll~rnaw appra11ch, lnvolvlnr. inclu'Dioo 
or \wo 40•ml.. uncapped JIRYV 11umplln5t vfnl~ within lho 

) 

mc1nbr11ne, lihowc:sd \ha\ the dctec1ed con~nmulunA ur 
cvoes ht water u,dnJ I.his rnetl\od (Ja1,eled "Villi 'l\111\" 
In "Illble 3) wers substanllally lower Ulan those abusincd 
rrom aJthcr lhe diffusion 11amr,lcr or from the bttller 

I mclhodt& o( Hllmplc collccllol\, lt is po11tdble lhlll lho 81WU: 
, vit'111, ihnua'tt apen 11t on11 und, 1lowcd dnwn dlffili:lon 
: into lbo vial& aufficlcnlly lo cause luwer C(,nco111r~ll()ns 

lnaldc tbo vials tbRn ouhlf de tho Yi11h1, 'nmi;, incnrpor~
tion of Lhe 40-mL glass sampling vial11 inlo the difTusinn 

: aamploro i11 nol. prMcllcal. 
The diff\.!Sion 111m~plcrs again we~ h~i;lt::d in WcU 

PW-34C in Janua,y 1.996 (Tahfo J), Durjng lhi1:1 lu:d, 1' 
ct•mp11rlsnn was run to det1mninc the effect or nir bub
blca in tJ,c dif'fusian aampl~ra. 1\vo dirf1111lar1 Ramplon1 
woro ina~Ucd in Lhm well. One, al lho 1111mplon1 (PW-:,4(! 
3D) containc:d no 1rnp[>Cd nlr, and tho 1DC0nd 1nmp1or 
(l'W-~C 2D) contained an atir bubble Lhat constituted 
approximnlc,ly onc•third nt lhc Mimpli.r volumo, When 
lhc Kamr,Jcrs were recovered after 34 day11, neither sam
pler conlalncd air bubbJe:1. Bc:c:au~ vulaiilc c:ntnrinundl'i 
can diffu~ out or &.ho polyethylene hap as well .t& jnto 
them {Vrohlei;ky and Robenson l 996). the 1r11pr,cd air 
app1uently diffused out of Lhc Hmpler. Jcavinll only 
water. Of the two water samr,las recovered rrom \he dlf
fwlion 11amr,Jcr lo which 1111 nir bubble hsd hecn added, 
one. sample (PW-34C 2B) cJ05ely mtalcb&I \he CVOC 
conccnt.ralians. in wulesr obtained by u~ing a poinl 
i;ourcc bailu.r -aod by w:ins the diUu1don samplenc wllh 
no air bubbles (Table 3). 'rl\c i:.econd 11ample. (PW-.~4C 
2B (Ro1,L)] Crom the diffwrinn u,nJ\lcr lo which nn air 
buhhlc had 'been addo.d co11\aincd apprruti1nat~ly hnlr 
uf tho cnncenlratlo111 of PCE and TCH round in lhc. 
first Hmplo i.nd in wa~ar $8fflf)lci; fr01n the point wource 
bailer (Table 3), Tho variabili~y in waler colloolod rrom 
the a11mo difl'ualan sampler lmplie11 lhRl Iha luwur QQn• 

. centrnli0n11 in I.hi» acoond iiainplc wes-e caWled b)' loi.-so1S 
during ltansfor from the diffueinn immpler ta the eirun
plo bottle and not from Jo1111e11 within iho dlffualnn Nam
pier, 'l'hc ~la imply that, ellhcugh the preaenco or air 
buhblc:t in lhc diffu•ion Sllmplct!l 1hould he: avoided, 
lh~ir prc&cncc llppnrently ht1s liulo innucncc nn QOnccn
lr1.1li0n11 of CVOCs nrtcr r;uffieicnl 0quilit,roti01, lime. 

The diffusion 1r1mplcr mcl.hod nlaio wna lo:'l\c.d i-n 
Well W0-87, screened in II pnrl of lhc 1mprolih, nq\liror 
charact.crizcd by nlndcratc concontratians of CVOC-' 
(approximat~y 3S0 lo 400 .,_g1L of TCE), Agnin1 tho 
c:onc:enlra\iona of CVOCa detected in waler n::covcrcd 
whh lhc dirtu11i0n aeirnplcu clcnicly corn::11)ondcd with 
concenlraUona of CVOCa dc\ccied in waler hi\llcd 
from 1hc well (Tnblc :3). 111c 11vcmge C'On~nlti11iuo ;n 
the dit(u,.Jon Sftmplcrs dU'tcrcd frnm the c:nn~n,r11tinn 
in wnlcr abtnincd by the b11Uc;:r t,y 1c~11 Lh"n 2 percent 
for 1'CB nnd by 16 pctccnt for PCB. 1'hCAc data ahnwcd 
1h11l the;: inamplcrs woro '1-Ap11blc o!'callccli11s II rcprc.llcn• 
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lallvo 11a1n1,lo of mid-range, coacentratio,u nf CVOC. In 
ground wn\or. 

Yolaillc orgnnlc comraund11 were M\ dcLcc\cd fn 
waler from background Woll• W0-67 11nd WQ•7◄R by 
cilhcf 1h..:: b11llcr mclhod or lhc dlffu11ion 1i1mplcn 
(Thblc J), n1u,, mntcri•I• nnd dc::ionlz:cJ lWIILCr v11cd ln 
the dirruslnn 11n1npJcr1 did nol contribute voes to the 
anl\lyscs. 

Conclualona 
1•ru\liuu11 invesligaliom: have ahown thRl il ~enuaUy 

ls. dcs.lrablc tn minimize well ruralna and well dlslur. 
bance p1'icr to collec:lintt r11pre11enLnlivc 11.unple.1 of' 
around waler. lnvesligalioni: also have shown lhat 
ground wa10, in s.ama wi;sllt now~ ihrnush 1ho npan 
ln1crval wllh little lnteractjon ar mixing whh waler in 
Ll,o. overlying well cuing. In 1.uch wclln, Lbo waler in Lho 
11crtwnacl inturYal appear,- tu be repreaenLalive or thb 
surrounding ground Wlltor, Thi:.: pap~r pr&senls an inox• 
y,on1dvc approach to 1amrla thci water for VOCs in tho 
ac,ccncd in\crv111I, without dtsLurhlna iho ovorlyln& 
water column. The me.thod involveu placing polyethyJ• 
enc b11gs ,h111 fu"~ion 1111 djff\won ~mpl~1'&JldJaccnt ta 
the screined or open inlerval or lhe borehole. Each dif
tu:lian :.ampler consists of dc:lonizc:d w11t0r enclosed by 
a t,(llycthylcnc membrane. The membrane allows difru• 
,ion of th~ V005 frum the, aquif~ wi,ter inlo or b•c:k 
out or the deionized water. Jn simr,lest manifestation of 
\he 1n1m11lcr. 11dcqu11tc wutcr 5Zlmplcs can he n\naincd 
by merely u11in1 tieulable satndwich \'la,l!S obtainabl~ 
from uocery stores as the dittu&lon 1uunplers. 

The 11amplers were aUowcd 10 equilibrate ln 1hc 
borehole ror a minimum ot 11 days. Tbe samplen were 
then rcoovcred and transferred to 40-mL ghiss vials for 
trnns:,.,ort lo lhc lohoratory. L8bomtory analysis by J!PA 
melhod 8260 11howed lhal con.ecntrationi: of CVOCs jn 
wate.r recovered !rom tlu~ dirTusion samplers. were simi• 
Jnr \.0 conccnLratla~ of the ~pcctivc CVOO. obtained 
b~: (1) purging and 111nmpling with a wubanersible cJ~lric 
1.,ump: (l) pursing wilh a i.ubmanible electric pump and 
sumrlini; with il bladdw r,ump; (3) ,;amplins with an ln
plaou blilddr:r pump wi\houl. purgjng1 (4) Slllmpling with
Put purging ui.ing I\ point !il0Ul'Ce hwl~r in" won wh1:1~ 
i;round wa\ar ii; 11ctivcly moving ln the wcllhnl'C: Md (S) 
purging und 11nmpling wilh ft bailor, For i&umo 00n

i1lituent11, the overage concenlrntion was slightly higher 
in waler obtained wlth the diffuaion :111mplcr1 than in 
wnter obl11lncd wlili 11 11ubmcr~lhle pun~p and with ii 
bh,ddor p1,1mp, implying lhttt I.he di!fu11ian sampler, may 
i,rovidc: ll more ropr~•c:inlnlivc 1mmpl0 in 11omo 11i1un
lian5, Titc:sc dnlil clemoQ51rolcd 1hn1. Ute difi'u&ion &Gin• 

plcn. we;rc cupnblc of rCC01/QriJ18 a n;prcscntaUvc wntor 
i,amplc for VOCs Without t~n .. n~.rsc thc__wdla .. ~ 

-~lod at ~i!L~!~c. 'lb cn!'l\ll'o 1mn111fon11bili1y of 1hi1 \cch
n;~-othr -,ilcfj, cm initial lo&I period j5 rccom• 
mended during which the cJirfu,dun :n1mplc;r :iripronch Is 
com1l11rcd to the rnutlnc mclhad nl' 111unrlin& 1 p;u'\icu• 
lar well. CmnpM11~lc rc,ultii: will indicate lha1 the W11fcr 
in the open ii)lcrvnl is tcprc,icntall-vc nf lhc formation 
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~lcr, lhat ·lho targot '°mpoundt can effioicanlly dl!(uN 
tnLo tba nmplar•• and Iha\ the dlf{uaion-aampJor 
approach can be ulGd to .amplo iho woU whhout th■ 
need u, purao, ln wcll1.whi:,rc Ole •~on 1cnath ii largo 
relative to ~e iimplir lcn11th1 multiple 11mplott initially 
may"bls .med to detormina optJq,um eamplor dop\h, The 
kaown ability oi po\ycth11Dnc I.a t111n11mit olhcr VO0.1 

11\IC!.h ac bemene and LOlucnc. lndlcale that \be diffuaion 
samplsrs cari be u1ed 10 monitor a variety or VOCI, The 
Jow cott u1ndated \lillh the dlf!Uaton 5Ulmplcn mati:a 
thi, a potonwilly vlablo approach ro reduclng montlOr• 
ing coat, ot lars• obcervatlon well networks Where \he 
Wget com-pouad1 ar• cwpnlc ex>mJk>UDdl car,ahJo ot 
di(Cusing into \ho samplva. 
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Table I. Range ofTCE and cDCE half-lives obtained from bench-scale column tests (25° C) using site wateTS with total VOC 

concentration <l ,000 µ.g/L and Jow (<1,000 mg/L} TDS levels (ET] Database). The anticipated field half-Jives are 

usually obtained by increasing fbe Jab-derived ,•aloes by a factor of 2 to 3. 

Jron Laboratory TCE Half-life (hrs) Laboratory cDCE Half-life (hrs) 

Type 
No. tests Mean Mjn_ Max. Std. dev No. tests Mean Min. Max. Std. dev 

Peerless 3 0.28 0.18 0.37 0.1 3 1.0 0.28 2.4 1.2 
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Performance evaluation of a permeable reactive 
barrier for remediation of dissolved chlorinated 

solvents in groundwater 
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Abstract 

F-828 

A pilot-scale p¢rn1eable reactive barrier (PRB) consisting of granu]IU" iron was installed in May 
1995 at an industrial facility in New York to evaluate the use of this technology for remediation of 
chlorinatt:d volatile: org:mic compounds (VOCs) in groundwater. The performance of the barrier 
was monitored over a 2-year period. Groundwater velocity rhrough the barrier was determined 
using water level measurements, tracer tests, and in situ velocity measurements. While uncertainty 
in the measured groundwater velocity hampered in[erpretation of results, the VOC concentration 
data from wells in tht: PRB indicated that VOC dt:gr11dation rates were similar co those anricipatild 
from laboratory results. Groundwater and core analyses indicated that fonnation of carbonate 
precipitates occurred in th" upgradient section of the iron zone, however, these prilcipitat(:S did not 
appear to adversely affect systt:m pt:rformancc. Tht:rt: was no indication of microbial fouling of 
the system over the monitoring period. Based on the obsi;rved perfoimance of the pilot, a 
full-scale iron PRB was insmlled at [he site in December 1997. \tD 1999 Elsevier Science B.V. All 
rights reserved. 

Keywords: Penneable reacrive b~nier; Volatile organic compound; Groundwater 

1. Introduction 

Permeable reactive baniers (PRBs) containing granular iron have been installed at 
several commercial sites in the United States to degrade chlorinated volatile organic 

• Corresponding :iurhor. T~l.: 1- 1-519-824,0432; ful(: + 1•519-763-2378: e•m~il: sohannesin@b.::ak.~on, 

0304-3894/99/$ - Sele front mutter@ 1999 Els"11ier Scienc~ B.V, All rights reserved. 
PU: S0304-3894(99)00033-3 
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compounds (VOCs) in groundw11cer [I]. Although the results of lubonuory studies 
conducted to determine reoction mechanisms have been widely disseminated [2,3], much 
less information has been published on the field-scale application of this technology. 

One of the more complete performance records exists for n pilot-scnle PRB installed 
in May 1995 at a former industrial facility in upstate New York. P.ist release of solvents 
at the sire created a plume of crichloroethene (TCE) and related byproducts In the 
shallow sand aquifer at the site [4]. The water table at the site is nbout l m below ground 
level, and the aquifer is bounded by a clay layer at a depth of 4 to 5 m. Following 
encouraging results from laboratory treatabllity tests, the decision was made to proceed 
with a field demonstration, 

The pilot-scale system installed at the site consisted of a funnel-and~gate located in an 
area of the plume containing the highest VOC concentrations. The: gate section, 3.7 m 
long X 1.8 m wide (rig. I), was constructed by driving sealable sheet piling into the 
underlying aquitard at a depth of about 4.5 m. Native material was excavated and 
replaced with a center 0.9-m thick section of granular iron flanked by 0.5 m thick layer 
of pea gravel on both upgradient and downgradient sides. The purpose of the pea gravel 

® Angleci Cores 

• Vertical Coree 

~ Pea Gravel 

□ Iron FIiings 

Monitoring Well 

~Sheet Piling 

t t i 
Direction ot GW flow 

Fig. L Plan view of mooi1orins well umJ coring loc::11ioo, New York. 
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was to minimize the effects of high velocity layers in the aquifer by sprc1:'.lding tlow 
vertically across che reactive zone; and to serve as locations for monitoring well 
placement. The piling on the long axis of the box was then removed to create a flow 
through reaction section or gate (Fig. I). The gate\ section wo.s flanked by funnels 
comprised of sealable-joint sheet piling extending 4.6 m laterally on either sid~, to a 
depth of 5 m. Modelling completed by Starr and ChelT}' [SJ indicated that this 
configuration creates a larger upgradienr capture zone relative to funnels angled more 
acutely to the gate. Monitoring wells shown in Fig. 1 were made of 2-in. diameter PVC, 
and screened across masc of the smurared thickness of the iron, pea g1·avel or aquifer. 
The installmion took about 10 days to complete. 

2. Performance evaluation methods 

2.1. Groundwarer sampling 

The monitoring wells were sampled monthly from June to December 1995 under 
auspices of the US EPA SITE Program [6]. Additional samples were collected in June 
1997 immediately prior to coring activities, The number of wells sampled and analyses 
completed on the samples varied depending on the sampling event. Samples were 
collected using individual disposable teflon bailers for each sampling event and each 
well [7]. Analyses included the following [8]: 
• VOCs using Method SW-846 8260A; 

Major anions including chloride (Merhod MCA WW 325.2), sulfate (Mc:thod 
MCAWW 375.4) and bicarbonate alkalinity (MCAWW 310.1); 
Merals (cations) b~ Method SW.846 3010/6010A; 

• pH, redox potential ( Eh), dissolved oxygen, specific conductance, and temperature 
using field elecrrodes, 

2.2. Groundwarer velocity 

Groundwater velocity is a critical paramernr in evaluating PRB performance [9]. It 
enables calculation of field-scale! VOC degradation rates and can also be used to 

estimate the plume capture zone upgradient of the PRB, Titree methods of derennining 
groundwater velocity were used during this evaluation: 
• hydraulic head measurements: 
• conservative tracer tests: 

in-well velocity meters. 

2.3. Analyses of PRB cores 

A drive point/piston sampler was used to obtain angle cores from the PRB in June 
1997 [10). Since laboratory studies had indicated that Signiticam inorganic changes in 
aqueous chemistry occur near the upgradient interface, effons were made to collect 
continuous core ~amples that passed from the upgradient interface Imo the iron zone. A 

F-828 
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complete continuous angle core (Fig, l) was obtained from the inrerface, and subdivided 
into S cm sections for analysis. Mineralogical analyses performed on the core samples 
included tocal carbonate using acid digestion, nnd surface mineralogical smdies using 
electron dispersive X-ray (EDX) • .Raman spectroscopy, and scanning electron mi
croscopy (SEM). Microbial enumeration!I and total lipid biomass determinations were 
also completed. Hydraulic conductivity values were calculated from laboratory perme
ameter tests on a second angled core. 

3, Results and discussion 

3.l. Observed voe degradation 

Consistent trends in voe concentration were observed throughout the monitoring 
period, The highest VOC concentrations over the first seven months of operation were 
observed in the center transect in the October sampling event (Table 1). A graph of TCE 
concentrations for the three transects of monitoring wells in the seventh month of 
operation is shown in Fig. 2. While upgradient voe concentrations showed some 
variability, concentrations at or near rhe detection limit were reported at the midpoint of 
the iron. These declines in concentration of TCE and 1-elated compounds were inter
preted to reflect the degrndar.ion of these voes by zero-valent iron, according to the 
following reaction [11), which considers only the presence of water, zero-valent iron and 
a chlorinated organic compound R-e1: 

3Fe0 ➔ 2Fe2"' + 4e-
3H20 ➔ 3H+ + 30H-

2H"• + 2e~-+ H 2 

R-CI + H+ + 2e- ➔ R-H + e1-

3Fe0 + 3H 20 + R-Cl ~ 2Fe2++ 30H-+ H 2 + R-H + e1-

Low to non-detectable VOC concentrations were maintained or increased slightly 
downgradient, likely due to incomplete flushing of the downgradienr plume and/or 
d~sorprion of voes from aquifer sediments. 

Table 1 
Observed VOC concem:rations along the center transect 

Well loca1ion Concentrations along ccntc:r transect (ms/1) 

TCE cDCE VC 

October 1995 June 1097 October 1995 June: 1997 October 1995 June: 1997 

Upgrnditmt pc:u gruvel 160 189 4.50 298 79 53 
Midpoint of Iron zone <I.O 2.0 l,0 < 7.8 < 1.0 <0.7 
Downgradient peu gravel 1.5 < 1.7 7.5 15 1.2 < 0.7 



~U-MAR·OO 02:49PM 

I 
'.j 

1. 
I 

FROM·ENVIROMETAL TECHNOLOGIES INC 619-746-2209 T-685 P.07/27 F-828 

i 
15 ·~ 
I 
§ 

J.L. Vo.i:,m er ,1/, / Jour,wl 1iHuwttlm1.i M1111#tlLIIN fill ( 1999) 97-1011 

140 

120 • 

100 -

80 • 

60 • 

40 -

20 -

0 
Upgr11dlent 

..... 
I t I f 

I If I• I• I I I, 

I • 11 • • ..... 
I I I I I ... ,; . 
t I • • • 

--- Goto ---- 0owngradlen1 

Fis. 2. TCE conc.:ntration in the seventh month of operation, 
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voe degradation rares, the slope of concentration vs. time curves (k 1 and k2 shown 
in Fig. 3) are commonly expressed in half-lives: the time required to reduce the 
concc:ntration by 50%. Concentration vs. distance profiles from the monitoring wells 
were converted to concentration vs. time profiles using an estimate of groundwater 
velocity of 0.2 m/day (see Ser.tion 3.2) and compared to half-lives predicted from the 

Dl&tanca 

Fis. 3. Unccl'!ainty in calculated de.gradation rate~. 
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laboratory study (Table 2), Nore: that if a higher velocity is used in the calculacion, the 
half-lives would be shorter. 

[t should be noted that the half-lives detemtlned from the field data are conservative 
estimates of the actual half-lives since VOC concentrations of l µ.g/1 (the detection 
limit) were used for monitoring well concentrations in the middle of the iron zone. There 
is no way of knowing the distance ar which the detection limit was actually reached 
(Fig, 3). As shown in Fig, 3, half-lives can also vary according to variations in the 
lnfluenc concentration. This effect is panicularly apparent in the calculation of 'TCE 
half-lives, which are generally below 3 h at other field installations. In spite of the 
uncertainty, cDCE and vinyl chloride half-lives compare well with values predicted from 
laboratory studies. 

3.2. Sysrem hydraulics 

The three methods of determining groundwater velocity at the site produced esti~ 
mated groundwater flow velocities in the treatment gate from 0.2 to 0.7 m/day (Table 
3). These field measurements compared reasonably well with a velocity of 0.34 m/day 
and a capture zone of about 7 .5 m predicted by a two-dimensionaJ plan view particle 
tracking model of the system developed during system design. The model was based on 
groundwater velocities in the aquifer of about 0.2 m/day. The bromide tracer was 
injected into fully screened wells located in the upgradient pea gravel. To minimize 
hydraulic disturbance, only 9.5 1 of tracer solution was acl,ded to each of the three wells, 
resulting in small pencil-like plumes emanating from each well. The tracer was detected 
in each of the wells in the iron zone, but only in one sample. This single detection 
indicated a groundwater velocity through the gate of about 0.36 to 0.49 m/day. Dilution 
of the bromide solmion upon injection could have reduced the possibility of detection. 
Funhermore, because of the small dimensions of the tracer plumes, small deviations in 
groundwater flow direction away from the downgradient monitoring wells would result 
in intercepting only a small ponion of the tracer or possibly missing it all cogerher. 
Evidence of this has been observed in similar tracer tests [9, 12]. 

Calculations using water table elevations are limited by the accuracy of mea:Surement 
(small differences in water level elevations over short distances) and the uncertainty in 
hydraulic parameters (porosity and hydraulic conductivity of the iron). The in-well 
velocity meter gave velocity magnitudes that we:re in the range anticipated. Although the 

To.ble 2 
Observed chlolina1ed volatil.i organic compound half.livos 

VOC Prtdic1ed half•lifc (h)' 
from laboratory studies 

TCE. 
cDCE 
YC 

0.4tol.l 
I.S 10 4.0 
2.010 (i.0 

'Rate5 nt two velocities adjusted for temperature. 

Half•life (h) from 
moni1orfog well data 

<4,0 
3.0 to S,O 
5.0 to 10.0 
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T:iblc J 
Groundw~111r tlow wloci1y us1im:ull~ i1, thll 1re.umi.lnc gu1e 

Method of m<:asuremant 

Oroundwatc:r tlow mocJcl prediction; liAqsile, '"'0,1 m/day 
Hydraulic helld measurements (June to Dllcember 1995) 
Bromidt Lnl0tr t~~t (Au,!lu~t 1996) 
Velocity meter (September l 996) 
Velocity meter: iiAq.ifc, • 0, l 10 0.2 m/day (Junt 1997) 

Groundwater flow wlocicy es1ima1t 

0.3 m/day 
< 0.2 co 0.4 m/do.y 

0.4 to 0,5 m/d~y 
0.2 m/day 
0.3 10 0,7 m/J.1y 

10:i 

direction of velocity vectors obtained with the meter were somewhat variable, most 
showed flow in a westerly direction (through the system). 

Laboratory permeameter tests performed on undisturbed angle core samples gave 
hydraulic conductivity values rilnging from 6 X 10-2 to 10- 1 cm/s. These compare 
favourably with hydraulic conductivity values of 5 X 10-2 10 10- 1 cm/s for 'fresh' 
iron. Though this result is encouraging, the core materials were disturbed arid therefore 
the results may not accurately reflect the in situ effect of precipitation on hydraulic 
conductivity. 

3.3. Inorganic geochemisrry 

As groundwater moves through granular iron, the pH of the groundwater increases 
and the Er. decreages as a consequence of iron corrosion. As the pl-I increases, 
bicarbonate (HC03) in solution converts to carbonate (cot-) to buffer the pH increase: 

HC03 ➔ co~- + H+ (1) 

The carbonate then combines wirn cations (CaH, Fe 2
"', Mg2'1-, etc.) in solution to fonn 

mineral precipitates: 

Ca2+ + co~- .... CaCO3(sJ (2) 

Fez++ co;- ➔ FeC03c,l 

Mg 2+ + co~- ➔ MgCOi<sl 

(3) 

(4) 

These reactions were reflected in the aqueous seochemical results throughout the 
monitoring period (Table 4). Results are shown from wells along the centre transect 
(Fig. 1). Results were very consistent both laterally across the wall and over rime 
through the monito1ing period. Vpgradient groundwater was near neutral in pH and 
slightly aerobic, while at the midpoint of the iron the pH was generally between 9 and 
10 and Eh of less than -300 mV were common. Downgradiem of the gate pH 
increased to background levels while the Eh of the groundwacer remained slightly lower 
than in the aquifer upgradient of rhe gate. Declines in aqueous calcium, alkalinity and 
sulphate. were observed throughout the rest. Iron concentrations did nor increase 
substantially over background, indicating rapid precipitation of the ferrous iron intro
duced into solution from corrosion of the iron material. 

Results of the carbonate mineral detenninations on the core samples are shown in 
Fig. 4 The maximum carbonate content of about 6% CaCO3 (6 g/100 g solid), obtained 
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Tabl~ 4 
Change~ in inorg:1nic chemistry Along centre trun~c:cr 

Ch!:!mlcal parameter Monitoring well h;1c11tlon 
(unit) U2 FE2 D2 DS 

Co.(ms/1) 90.6 9,6 15.4 33.6 
Fe (mg/I) <0.l 0.158 <0.1 0.159 
Mg<ms/ll 12.7 7.33 4.23 5.95 
Mn(ms/D 0,388 ().0574 0,195 0.174 
K (mg/I) l.93 1.86 1.02 < 1.0 
Nu (mg/I) 2\J.4 29,6 23.4 15,5 
HC03 (mg/1) 291 47,S 56.5 Nn 
Cl (rng/1) 47.4 49.2 42.8 Na 
so➔ (mg/I) 17.2 < 5,0 <5.0 Na 
pH 7.3P 9,46 8.56 7.06 
Eh (mV) 261 -459 -1S6 -16.5 

from the sample nearesr the upgradient interface, rapidly declines with distance with 
values of less than l % beyond a distance of 15 cm. 

The carbonate content present in the core _samplc:s and the changes in bicarbonate 
alkalinity observed in monitoring well samples were used to develop independent 
estimates of the mass of carbonate deposited in the iron zone over a 2-year period. The 
latter estimate is dependent on the assumed flow rate of groundwater passing through 
the treatment zone. At a flow velocity of 0.2 m/day, and a porosity of about 0.5 for the 
iron, about 76 m3 (76,000 l) of groundwater passed through a 1 m2 cross-sectional area 
of the gate prior to coring. The average decline in calcium concentration between wells 
in the upgradient iron zone and wells at the midpoint of the iron zone was about 80 
mg/l. Using these data, about 15 kg of calcium carbonate would have been deposited in 
this 1 m2 X 0.46 m long section of iron. The mass of carbonate estimated from core 
samples, obtained by approximating the area under the ·curve shown in Fig. 4, is about 
IS kg. The agreement between these two values is remarkable, given the uncenainties 
involved in calculating each estimate. 

Raman spectroscopy, SEM, and to a lesser extent ED:X, confirmed the results of 
carbonate analyses. Examination of samples near the upgradient interface showed 
significant amounts of calcite and aragonite. Samples from sections of cores funher 
downgradient showed less carbonate precipitates. Several randomly distributed iron 
oxides and oxyhydroxides were also detected. Calcite and aragonite were the predomi
nant carbonate species observed, with only minor amounts of siderite (FeC03). Green 
rusts, complex iron hydroxides containing both chloride, sulphate, and carbonate were 
observed on a few samples. No sulphide precipitates were observed in the core samples. 

The precipitates did not appear to significantly affect system performance. Hydraulic 
conductivity measurements of core samples approached that of 'fresh' iron, and velocity 
measurements showed no 1rend upwards or downwards. Removal of VOCs was also 
consistent over the monicoring period, indicating no significant effects of precipitation 
on iron reactivity. 
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3.4. Microbial acriuiry 
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Fig. 4, Calcium carbonate equiv.:1lent. New York, 

Data on microbial biomass and composition was obrained from groundwater samples 
collected in the iron zone, in upgradient and downgradient pea gravel zones, and in 
upgradient and downgradiem aquifer monitoring wells for a 6-month period following 
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construction. The microbial populntions in the groundwater samples from upgradicnc. 
iron and bnckgrmind zones appeared to b~ of similar size (10·1 to lO~ cells/g dry 
weight) and composition. The microbial biomass in the downgradient gravel antl aquifer 
zones were of similat size but different composition explained by the changes in 
aqueous geochemistry on the downgradient side of the iron zone, including the produc
tion of hydrogen gas from che iron that suppons the activity of many oblig(l.te anaerobic 
bacteria. The disappearance of sulphate In groundwater samples from che iron zone may 
indicate the estoblishment of a sulphate-reducing bacteria in chis zone. 

Each 5-cm section of the angle core was subjected to microbiol analysis. Lipid 
biomass result~ from the iron zone core samples were in the order of 106 cells/g dry 
weight. Microbial enumerations in both the aerobic and anaerobic cultures developed 
from tlie iron zone cores ranged from less than the detection limit to 10~ colony forming 
units (CFUs)/g wet weight after 28 days of growth [13]. No microbial films were noted 
on the samples durlni microscopic examination. The core data suppon~d the lack of 
microbial growth observed in the groundwater samples from the iron zone. 

3.5. Implications of pilot-scale peifonnance to /ult-scale design 

Based on the record of pilot-scale perlormance, the decision was made to proceed 
with a :PRB for full-scale plume remediation at the site. Field-scale half-lives of 4.8, 5.1 
and 9.4 h for TCE, cOCE and VC were used in a first order kinetic model to determine 
the required residence time in the full-scale PRB, together with assumed influent 
concentrations from recent sampling events and relevant New York state regulatory. 
criteria. The amount of carbonate precipitate (6%) ln the upgradient section was 
calculated to represent a porosity loss of about I 0% over 2 years (i.e. a decrease in 
porosity from about 0.5 to 0.45). Based on this estimate there did nm appear to be any 
need to include design features to remove carbonate precipitates. Periodic (every few 
years) scarification of the upgradient interface using augering equipment was considered 
to be a more practical alternative (if required). 

The continuous wall configuration was chosen ovel' a funnel-and-gate configuration 
because of lower construction co~ts. A continuous wall also minimized the potential for 
bypass around or beneath the system compared ro a funnel-and-gate. The lower velocity 
through a unit cross-section of a continuous permeable zone, relative to the higher 
velocity Cl'eated by funnelling water through a treatment gate, means that the rate of 
precipitation at the interface should be less in the continuous zone, leading potentially to 
a longer service life. 

Following design. a 0.3-m thick cominuou~ PRB was installed across me entire 
plume at the facility in December 1997. The pilot-scale PRB was destroyed during 
full-scale consrructlon. 

4, Conclusions 

The 2-year evaluation of this pilot-scale system provides encouraging data with 
respect to the long tenn performance of iron PR:Ss for VOC remediation, panicularly in 
view of the multi-year records from other :iites which have produced similar results 
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[ l I, 14}. Consistent VOC degradmion was observed over the 2-ye:ir pt!riod. Microbial 
populluions did not Increase in the Iron zone relative to the aquifer, and while mineral 
pnicipitnre~ fonned in the iron zone, they did not appear to represent an Insurmountable 
limitation to the technology. One difficulty identified during the evaluation was that of 
accurately mea,,~uring groundwater velocity through a PRB; in-well mete~ may provide 
a reasonable means of measurement for minimal cost. 
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Abstract 
The Air Force Base Conversion Agency '(AFBCA), in association with the Air Force Center for· : i.:: :•~·-:;: -:: · 

Environmental Excellence (AFCEE), hosted_ an innovative technology demonstration for implementation 
at Lowry AFB, Versar, Inc., Dames & Mo.ore Group and EnviroMetal Technologies Inc. designed,· ·. · ~/.} 
constructed and monitored the treatment celf. The system was constructed in December 1995 and the:-1 · \_;_ · .• 
monitoring results ~ough Jun_e 1996 as well a~·the conclusions of the demonstration will be presented.''. , 

·•.:':•.;_; 

A 10-foot wide reactive iron section flanked by 14-foot-long sheet piling wing walls formed the funnel·,;,'; 
and gate system. Total influent concentrations of 1.400 µg/L consist of dissolved chlorinated 
compounds, The highest concentrations (1,000 µg/L) are as trichloroethene. The extensive use of ,·. 
monitoring wells gives an accurate picture of the physical and chemical conditions throughout the cell 
and provides definition of the processes that are causing the degradation of the chlorinated compounds .. 
The parameters being measured in addition to the chlorinated compounds include Eh, pH, akalinity, DO, 
conductivity, and turbidity, General anions, cations, methane, ethene, and ethane were also analyzed on 
a periodic schedule in a selected number of wells, Results during the six month period.indicate complete 
degradation of the CAH's within the first several feet of entering the wall. A detailed analysis of the 
results will be pres~nted. 

Introduction 
This report describes the process. design, construction, and performance of a passive in-situ reactive wall 
installed at Lowry Air Force Base (LAFB) in Denver, Colorado. The purpose of this project is to 
demonstrate the applicability of iron reactive walls for groundwater remediation at United States Air 
Force (USAF) facilities. Funding for the project was provided by the Technology Transfer Division of 
the USAF Center for Environmental Excellence (AFCEE). 

Process 
This section presents background information about the reactive-iron treatment process, including 
previous studies, chemical reactions, and other applications. 
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Previous Studies 
Iron reactive-wall technology relies on the ability of certain metals to degrade cenain dissolved 
chlorinated organic compounds to non-toxic breakdown products. This process was documented in the 
early 1970s (Sweeny, 1973a) in patents which involved the use of metals to degrade cenain pesticides. 
Researchers in Japan (Senzaki and Kumagi, 1988 and 1989; and Senzaki, 1991) also documented this 
process when they noted the degradation of tetrachloroethane and trichloroethene (TCE) in aqueous 
solutions exposed to iron powder. In 1990, researchers at the University of Waterloo (UW) Center for 
Groundwater Research in Ontario, Canada, observed this process during studies on the uptake of various 
compounds on vaxious well casing materials (Gillham and O'Hannesin, 1991), These studies showed 
that concentrations of several chlorinated organic compounds decreased in the presence of mild steel and 
galvanized metal. · 

Following these observations, UW initiated research efforts to further evaluate the metal-enhanced 
degradation process and its capabilities. These research efforts involved a series of batch tests which 
showed that iron was relatively inexpensive and effective at degrading 14 chlorinated compounds, which 
include the most prevalent pollutants found in groundwater. This lead to a series of column experiments 
wherein aqueous solutions of various chlorinated hydroc~bons were pumped through iron grindings. 
These experiments revealed tb~t the degradation of chlorinated hydrocarbons could be effectively 
accomplished under dyn~c flow ~onclitions (Gillham et. al, 1993). 

UW then emplaced iron grindings in a subsurface cell that intercepts and degra~es TCE in groundwater _; 
{O'Hannesin and Gillham, 1992), The success of this first in situ permeable reactive wall lead to several·· 
other successful installations, and, in tum, to this AFCEE demonstration at LAFB, Metal-enhanced ' 
degradation technology has also been successfully applied in the form of above-ground treatment 
canisters. 

Chemical Reactions 
Several observations noted during this and previous studies provide insight regarding the metal
enhanced degradation reaction. These observations are listed below: 

• Rates of degradation tend to increase as the degree of halogenation increases. 

• Rates of degradation tend to increase as the surface area of iron increases. 

• Eh declines significantly during degradation. 

• pH generally increases from roughly 7 to about 9.5 during degradation. 

• Intermediate breakdown products, which ~e produced in relatively small proportions, are also 
degraded. 

• Rates of degradation are exponential. 

• Bactericides do not significantly affect degradation rates. 

These observations suggest that the chemical mechanism is first order, abiotic, and involves reductive 
dehalogenation, where: 

2 
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• the iron oxidizes: 2Fe 0 ➔ 2Fe2
• +4e-

• the water dissociates: 3H2O ➔ 3H+ + 3OH-

• hydrogen gas is produced: 2H + 2e- ➔ H2 

• reductive dehalogenation occurs: X - Cl + H+ + 2e ➔ X - H + C 1 • 

Collectively, this gives: 

If dissociation of water is not a part of the degradation, the r~action can be written: 

Geologic Setting 
The shallow geologic materi~ beneath LAFB consists of a.'horizontal seg'i.16nce of sedimentary units .. 
The uppermost stratigraphic unit at LAFB consists. of unconsolidated Quate.r:nary alluvial deposits of the 
Piney Creek Alluvium. The thickness of these deposits ranges from less them t foot to over 60 feet· (ft) 
(PES, 1995a). The Piney Creek Alluvium is composed primarily of heterogeneous and generally 
discontinuous sands, silts, and clays. Along the quaner mile of Westerly Creek downstream from the 
outfall source area, the land surface is covered with fill material up to 13 ft thick. Sand and gravel units 
are often present at the base of the Piney Creek Alluvium. : · , · 

. ,'.,'•, .. . 
Beneath the Piney Creek Alluvium lies the eroded upper sutface of the Denver Formation. The Denver .. . 
Formation is Late Cretaceous to Paleocene in age and is composed primarily of silty claystone and sandy.-, 
siltstone with thin discontinuous sand layers. 

The Denver Formation is und(?,rlain by the Cretaceous Arapahoe Formation. This, and the deeper 
fonnations beneath LAFB, are not discussed funher because they are too deep to have an effect on. or be , 
effected by, the reactive treatment wall. 

Outfall Source Area Hydrology 
The saturated thickness within alluvial material varies across _the Outfall Source Area. The saturated 
thickness of the alluvium near Westerly Creek ranges from 2.5 to 16 ft while the saturated thickness in 
the northern portion of the site ranges from 2 to 8 ft. Water samples obtained at depths of over 10 ft 
below the inferred bedrock surface indicate that the upper portion of bedrock can also be saturated (PES, 
1995b). 

Outfall Source Area Groundwater Chemistry 
The highest observed detections of TCE occur adjacent to Westerly Creek in the vicinity of the stonn
drain outfalls nonh of 6th A venue. The highest concentration ( l 07 ,925 µg/L from sample CP-100) was 
observed immediately downstream of the outfall area in the lower portion of the alluvial aquifer. 
Samples from several other CPT locations adjacent to Westerly Creek and up to approximately 500 ft 
downstream (north) of the Outfall Source Area yielded TCE concentrations in excess of 10,000 µg/L. 
These samp~es were also collected from the lower ponion of the alluvial aquifer. 

3 

·-.. ' 



. 519-746-2209 T-685 P. 18/27 F-828 

Bench-scale studies were performed to assess the ability of the permeable reactive media to degrade the 
contamination present in groundwater collected from the Outfall Source Area. 

To summarize, the contaminant hydrogeology at the Outfall Source Area at LAFB offered the following 
conditions suitable for the demonstration: 

• groundwater contaminated by halogenated organics 

• contamination distributed at shallow depths 

• relatively consistent groundwater flow patterns 

• groundwater flow velocities sufficient to allow performance monitoring within a reasonable time
frame 

• a low-permeability layer (Denver Formation) underlying the alluvial aquifer 

• unconsolidated aquifer material (facilitating construction). 
' .. '· 

' .. 
. ·.•: .· ".::' 

' ! I • 

Residence-Time Calculations i ....... • · ... : 

In order to assess the residence time needed for the reactive wall, the maximum detected TCE · ,-. .-, 
concentration (1,260 µg/L) was used as the influent c~~centration. Based on th~ results of bench-scJe . ,·: 
tests and other studies, a reactive section consisting of 100 percent iron was determined to provid;e the . 
maximum rate of VOC degradation, while minimizing the required size and cost of the treatment celi'. , · ':( 

1 
, , I' ~ I , .: •{ 

The residence times needed to treat the identified constituents to maximum contaminant levels (MCLs) ' ' 
are presented in Table 1.0. The values were calculated using the above influent concentrations .. 
and half-lives measured in the bench-scale studies, Measured half-lives were increased by 2 and 3 times · 
(2x and 3x) on Table 1.0 to account for declines in degradation rates due to field effects {mainly lo'Wer · · · 
groundwater temperatures). These factors are based on results from other field tests. Because a half-life ' 
for VC could not be reliably determined during the bench-scale studies, a representative half-life for VC . 
based on other studies conducted with groundwater exhibiting similar chemistry is used. Based upon··', ··· · 
this data and other assumptions a resident time of two days was selected for the design. 

Reactive Wall Construction 
Constroction,of the reactive wall began November 16, 1995 and took approximately one month to 
constrUct. The reactive wall consisted of a 10-ft reactive wall section flanked by two 14-ft long wing· ,, · 
walls. 

Performance-Monitoring System 
The performance-monitoring system was designed to provide infomiation regarding the groundwater-; , .. 
flow patterns and velocities, and chemical processes within and around the wall. This information was ''.. 
obtained using a monitoring-well network consisting of 34 wells. The locations of the wells were based . ~ 
on the results from the detailed subsurface characterization, the numerical model, and the residence-time 
calculations. 

4 
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~ ·~1 ~~ bJ1 (; :. ~; 
e performance of the reactive wall is evidenced by the distribution of physk;al and chemical : .. ,., . 

1 

ance Evaluation 

parameters within.and around the wall, and by variances in this distribution over time. The physical. ::~>i,·:·. 
parameters evaluated include hydraulic conductivity and hydraulic potential. The chemical parameter(~:::· 
evaluated include field parameters (pH, Eh, conductivity, temperature, alkali~ity, and turbidity), i . . ;-.: 
laboratory-analyzed constituents (dissolved ethenes and ethanes, ethene and ethane gas, other organics, · ·· ···· 
cations, and anions) and tracer-related analytes (bromide, potassium, and sodium). These parameters 
were measured within and around the wall during seven monthly sampling events. 

Field Parameters 
Field parameter data, as well as all other chemical data, were collected during seven groundwater 
sampling events completed monthly from December 1995 through June 1996. The concentration
versus-distance graphs show the longitudinal distribution of chemical parameters along various laterally 
and vertically positioned cross sections within the wall. While individual concentration-versus-dist~ce 
graphs reveal the distribution of chemical parameters in the longitudinal dimension, comparisons with 
other concentration-versus-distance graphs are used to assess chemical distributions in the lateral, 
vertical, and temporal dimensions. · · · '' 

• I ~ 'f 0 

With the exception of alkalinity, the field parameter data were collected within a closed system (YSI 
6000®) involving a flow-through cell that contained.the various parameter probes. Alkalinity was,.:' ·' :,;,;,(:: 
measured using a Hach® titration kit. The values represent conditions measured after purging the well~. : 

Temperature, Oxidation-Reduction Potential, and pH ·; .. ., ., .! •. 

Figure 1.0 shows the Temperature, ORP, and pH measurements longitudinally through the wall along :::, : 
the center well-row (deep) during March 1996. Note that ORP drops significantly within the first foot of .: 
the filter rock and continues to drop within the iron. In contrast, pH rises from roughly 7 to nearly 10 
within the iron. Temperature remains relatively consistent within the wall. This clistribution is 
consistent with conditions presei:it ~t other lateral and vertical locations within the wall. 

The increase in pH values and decrease in ORP values with distance in the iron are also consistent with · . , 
results of the laboratory treatability study and other in-situ reactive-wall installations. The reduction _in , ,. 
ORP presumably reflects the oxidation of Fe0 ~o ferrous iron~ the increase in pH values seems to reflect .: 
the production of hydroxide. 

Alkalinity and Dissolved Oxygen 
Figure 2.0 and center well.row (deep) shows the concentrations of alkalinity and DO measured . 
longitudinally through the wall during April 1996. Total alkalinity decreases rapidly with distance into 
the wall; this behavior is consistent laterally and venically within the wall. In contrast to alkalinity, DO 
concentrations decrease within the wall. This behavior may reflect seasonal influences on the DO .. 
concentrations in the groundwater, although the measured variations are very small with respect to the 
sensitivity of the measuring probe. This behavior is .consistent at other lateral and vertical locations 
within the wall. 

5 
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Conductivity and Turbidity 
Figure 3.0 shows the electric conductivity and turbidity measurements obtained longitudinally through 
the wall along the central well-row (shallow and deep) during April 1996. Electric conductivity and 
turbidity values drop within the wall. The drop in electrical conductivity likely reflectS removal of 
alkalinity, calcium, etc., from solution. 

Summary of field parameter results: 

• ORP drops significantly with distance into the wall, likely reflecting the oxidation of FeO to Fe+2 

• pH rises with distance into the wall, until approximately 10, likely reflecting the production of oa-1 

• Total alkalinity is consumed within the wall 

• Field parameter conditions are relatively consistent in the lateral dimension within the wall 

• With the exception of DO, field parameter conditions a.re relatively consistent temporally within the . 
wall. · 

Dissolved Ethenes 
Figure 4.0 shows 'the longitudinal distri~ution of detected ethenes during April I 996 along the center · 
well-row (deep). All four detected ethenes, including TCE, degrade to approximately their respective· 
analytical quantitation limits after traveling less than one foot through the iron ... Influent concentrations 
vary temporally ·.IS well. For example, incoming conce~trations were over 1,000 µg/L in January 1996, 
but were less than 350 µg/L in June 1996. Again, the degradation behavior appears consistent, despite ... 
temporal variations in influent concentrations. · 

Dissolved Ethanes 
Figure 5.0 shows the longitudinal distribution of detected ethanes during April 1996 along the center 
well-row (deep). 1,1,1-trichloroethane (1,1,1-TCA) the mos~ prevalent ethane, is degraded rapidly 
within the first foot of the iron. Concentrations of 1,1-dichloroethane (1,1-DCA), and 1,2-
dichloroethane (1,2-DCA). are reduced more slowly. This probably reflects the tendency for less-
chlorinated compounds to degrade slower~ and/or the production of breakdown intermediates. this · ·· 
degradation behavior is relatively consistent laterally and venically. 

De-chlorinated End Products 
Consistent with the degradation of the ethenes and ethanes would be the production of de-chlorinated 
end products: Consequently, during the January 1996 sampling event, samples were collected and 
analyzed for ethene, ethane, and methane. Figure 6.0 shows that these end-products are produced at · > · •.' • 
rates that inversely correlate with the degradation of the chlorinated compounds. Note that methane aria ·'.: 
a small amount of ethane were present in the upgradient groundwater. This, in addition to the preserice1

i'.•'.· 

of dissolved ethenes and ethanes, may reflect ambient degradation of the source products. ,, ·, · , 

Other Chlorinated Compounds 
Of concern with the de-chlorination of ethanes and ethenes is the production of intennediate chlorinated 
breakdown products that could pose even greater risk to human health or the environment than the 

6 
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source constituents. The degradation of ve to near the quantitation limic within the first foot prior to its 
complete degradation further into the iron. In all cases VC is degraded to the quantitation limit within 
the first 2 ft of the wall. • ' • ~ I 

Cations and Anions 
Alkalinity, sulfate, and calcium appear to be consumed in the wall, while chloride appears to be 
produced. Other cations and anions appear to remain relatively unchanged. These conditions are 
consistent with those measured during the February and April 1996 sample events. 

Assessment 
The following three factors assess the performance of the wall: 

• grounpwater velocity 
• voe degradation rates 
• potential porosity losses. 

Groundwater Velo'city 
The groundwater velocity through the treatment sysre~ is the key parameter needed to assess rate~ 'of .. :,,.: 
voe degradation and mineral precipitation. Three independent methods of determining groundwater · · · · · 
velocity were used during the course of the project: · · -

• calculation using water elevation data and Darcy's Law 
• use of an in-well heat-pulse flow meter 
• use of a conservative tracer. 

. ' 

Estimates of groundwater flow velocity ranged from about 0.4 fUday using in-siru flow meter to 1.4 · 
ft/day (or higher) using the observed water table and estimated hydraulic conductivity values. It is quite 
likely that the velocity varies at the site in response to both seasonal variations and the water level in 
Westerly Creek. Given these values, a velocity of about 1 ft/day is used in the following calculations ·of 
VOC degradation rates and inorganic precipitation (clogging rates). The implications of this velocity 
estimate on these calculations is also discussed below. 

VOC Degradation Rates 
As shown in graphs contained in the report, TCE and related compounds all declined to below regulatory 
MCLs within about 2 ft of travel distance in the granular iron zone. This decline was consistent 
throughout the seven-month monitoring period. Concentrations obtained in month seven were used ro 
calculate first-order degradation rates of major voes. Concentrations measured in aquifer wells N 1, 
N2. and N3 upgradient of the system were used as influent concentrations in these calculations. Half
lives were calculated using concentration-versus-distance profiles along each of the three parallel lines 
of wells in the direction of groundwater flow (i.e., the line of wells N l, R l and R4, the line of wells N2, 
R2B. R5B, and R8B, and the line of wells N3, R3, R6. and R7). This is considered appropriate given 
the lateral variation in TCE concencration indicated in the upgradient wells. 

Observed concentration-versus-distance profiles were convened to concentration-versus-time profiles 
using an estimated velocity of 1 ft/day. VOC half-lives were determined by fitting the first-order kinetic 
equation to the concentration versus time data. These results are shown in Table 2.0. 

7 
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Several of the values listed in Table 2.0 were calculated using only two or three points (concentration 
values), with the last point being the reported detection limit for that compound. The use of a two-point 
curve (i.e., a straight line) causes a perfect goodness of fit" or r2 value of 1.0 as shown ln the table. The 
use of detection limits, especially coupled with low initial concentrations, causes an artificially high half
life (low degradation rate) to be calculated. In reality, the concentrations at this point are less than the 
detection limit (i.e., the compound has degraded past the detection limit). This effect is most 
pronounced in the rate constants calculated for compounds such as PCE and 1,1,1-TCA, but may also 
influence the half-lives reported for other compounds. Note that jf the velocity was indeed higher than 
1.4 fr/day, then degradation rates would also increase (i.e., the sample locations at a given distance 
would be reached in less time). 

Taking this uncenainty into account, half-lives for TCE, the compound present in the highest 
concentration, are within the range of previous field values at other sites, and are also within the range of 
half-lives predicted from the bench-scale studies. As notedi a two- to three-time decrease in laboratory 
half-lives is normally obseived due to the effect of lower groundwater temperatures on reaction rates. 
Using the half-life of 0.45 hours (hrs) measured in the laboratory, a half-life in the field of 0.9 to 1,35 hrs · 
was predicted. Given these uncettainties, the two-point half-life of 2 hrs calculated using influent 
concentrations from Nl and N2 is similar to the predicted value. TCE half-lives calculated using data ··., , 
from months 5 and 6 (Table 2.0) suggest that TCE degradation rates were reasonably consistent . , ·. . : , 
throughout this time period. 

The declines in 1,2-DCA concentrations are inconsistent with previous studies. Consequently, the 
declines may represent sampling/analytical anifacts rather than true degradation. 

Potential Porosity Loss 
Consistent declines in dissolved calcium, and alkalinity occurred throughout the test period. As shown 
graphically, most of these declines occurred in the first one foot of reactive material. Potential porosity . 
losses associated with this decline are assessed in this section, using influent geochemical data from well 
N2, and data from wells R2A and R2B. 

Declines in calcium, alkalinity, and increasing pH indicate that calcium carbonate (calcite), iron 
carbonate (siderite), and iron hydroxide precipitates were occurring in the iron. These precipitates occur 
in response to increasing pH due to coXTOsion of iron: 

Bicarbonate ions in solution convert to carbonate ions to buffer this pH increase: 

The carbonate ion then combines with cations in solution to form mineral precipitates: 

ca+2 + co;2 ➔ CaC0 3(&) calcite 

Fe•2 + co;2 ➔ FeCO 3c(siJ siderite 

8 
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More dissolved iron is introduced into solution due to corrosion than can be precipitated as siderite. As 
the pH increases, precipitation of iron hydroxide occurs. ·' · · · ~ 

Summary of Potential Precipitation Effects 
In summary, porosity losses in the reactive material could theoretically amount to about 13 to 14 percent 
of the original porosity per year, at least in the first year, based on field measurements to date of 
carbonate and hydroxide precipitate follilation, This means a decrease in porosity from 0.4 to about 
0.35, The values assume the concurrent precipitation of carbonate minerals and either magnetite or iron 
hydroxides. This rate of porosity loss may well decrease over time due to varying (decreasing) iron 
corrosion rates, and could also vary depending on temporal changes in the influent groundwater 
geochemistry and groundwater velocity. 

Cost Comparison 
This section compares the costs for the demonstration reactive wall at LAFB with estimates of costs for 
other technologies. A comparison is also provided based on a fictitious full-scale application so that 
influences of scale on cost effectiveness can also be assessed. 

Demonstration Scale 
The demonstration-scale cost comparison compares the costs for the performance obtained by the 
demonstration wall with estimates of the perfollilance obtainable using pump-ar,d-treat and air-sparging 
technologies. Pump-and-treat and air-sparge technologies were selected for this comparison because 
they represent, in lieu of the reactive wall, the most feasible conventional technologies for the site. To 
develop this comparison, designs for pump-and-treat and air-sparge systems were developed based on · 
treating the same aquifer and chemistry that the reactive wall is treating. The following assumptions 
were made for these comparisons: 

• Design engineering costs for all three technologies are assumed to be equal, 

• Sampling and analysis costs for each technology are assumed to be equal, with the exception of 
air sparging, which includes the addition of air samples to the monitoring program. Costs for air 
sampling and analysis are included as operations and maintenance (O&~) costs with the air
sparging technology. 

• A conservative refurbishing effon, involving the replacement of iron every 5 years, was 
incorporated into the reactive wall O&M costs. 

To summarize, the cost comparisons are based on capital plus O&M costs, 

Figure 7.0 shows the cumulative cost over time associated with each of the technologies as applied to the 
Lowry Reactive Wall. The costs represented during year one include the up-front capital costs; the 
remaining years reflect the O&M costs. A seven percent inflation rate is assumed. The point where the 
cumulative costs for the reactive wall become less than the cumulative costs associated with pump-and
treat and air sparge technologies occurs at 8 and 5 years, respectively. 

9 
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Full Scale 
Figure 8.0 shows the cumulative cost over time associated with each of the technologies as applied to a 
fictitious full-scale application. 
This full-scale application involves the following assumptions: 

• Aquifer has 5,000 µg/L influent concentration (average) ofTCE 

• Capt~re width of plume is 500 ft 

• Sarurated thickness (also plume-capture height) is 15 ft 

• Depth to water is 10 ft 

• Hydraulic conductivity is 32 fr/day 

• Hydraulic gradient is 0.03 fr/ft 

• Porosity is 0.03 

• Refurbishing effo11 involving replacement of iron is incorporated every 5 years 

• Reactive wall i~·consmicted usi~g a·~oritinuous iron reactive section rather than a funnel-and
gate approach; the iron is exc·avated ~d emplaced using a single-pass trenching technique. · . 

,,., ' . ' ' . ' ' 

For ~he full-seal~ applic~tio~. t~e p~int.whe~e the cumul~tiv~ costs for the ~a~t~ve wall become les~ than , .. 
the cumulative costs ~sociated with pump-and-treat· and air-spa:ge technologies occurs at app~oximately 
Sand 8 years, respectively. · · 
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Table 1'~0. ' -Required residence times fonhe in-situ pilot-scale treatment system. . . 
I : •()·', 

Esdmaled VOC · .. : 
Concentr~tJon 

Volatile Requiring Required 
Organic Treatment Half-Life Residence 

Comnound (utdl..) MCL(ue/L) (Hours) Time (Hours) 
TCE 1,260 5 0.45 3.6 

(2x) 0.9 7.2 .. 
" ' , .... 

' ' ,, (3x) , 1.35 10.8 
cis-l.2-DCE 338 70 2.2 s.o 

(2x) 4.4 10.0 
' ':~ ' .. ' , ' (3x) 6.6 lS.O 

vc 65.S ' ,I 2 3 15.1 
(2x) 6 30.2 
(3X) 9 45.3 

,. ' ' . , ', 

~:-,:::i·\:',':'.~··( -~.\:9 ·.:.:.i·:·~~f3~:1ir:~~1q~r;}r.i,.::<,k~·i.L--.:r:·.:.~:.: :··.~·1.r:. '.'i':-i•.<~-~ .;,: ·· 1 ~:-.. ··/ •• : .,.: ...... . , ·.'. I 
' ~. ' ,, . 

. ',~'}i°!f:./•,,,··~· .,'!'..:..~~·•\':'~: 1·'' .: ",,;;'; ,: 1 ' :.·· • '.'•"~!, 
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Table 2.0 Calculated trichlo~ethene and cis-1,2-dichloroethene half-lives. 

Laboratory 
Volatile Organic Half-Life lnJtial Cone. Half-Life 

Compound (hr) ftHJJI.) (hr) r2 

Month S Measurements 

cDCE 2.20 208 4.79 0.97 
162 2.48 l.O 
162 9.38 .87 
190 8.43 .95 

TCE 0.45 654 2.06 1.0 
613 2.07 1.0 
613 2.07 1.0 
754 4.04 1.0 

·• ... 
, Month .6 Measurements ' - '·' ·,• 

c:DCE : 2.20 177 . 4.90 0.95 
: ]21 2.6 1.0 

•· , ... .. '--···-···-- '''''"" ' ,.._, ., ..... 121 9.49. 1.0 " ,, 
' . .. '. 

' 141 9.29 0.98 .. 

TCE 0.45 677 .:.:;.: 2.05 l.0 
' ' 

531 2. 1 l 1.0 
. (,.,,·) . , ... , ,I',,,:' 531 ... ' 2.11 . 1.0 . ' 

625 4.13 1.0 

Month 7 Measurements 

cDCE 2.20 192 4.85 1.00 
114 2,62 1.00 
l 14 9.52 0.98 
112 9.26 1.00 

TCE 0.45 603 2.08 1.00 
393 2.19 1.00 
393 2.19 1.00 
314 4.52 0,89 

• value measured at this well was at detection limit 
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To: Anna Fodor, Jackie Travers, Parsons Engineering Science, Fax: 781-401-2575 

From: 

Date: 

Re: 

John Vogan, Andrzej Przepiora, EnviroMetal Technologies Inc. 

24 March 200 

Selection of the TCE and cDCE Half-Life Values Used in Residence Time 
Calculations for the Ash Landfill Site - 31317.88 

Funher to you request, ETI has provided below the rationale for the selection of VOC half• 

life values that were used in residence time dere1mination for the iron penneable wall at the 

Ash Landfill Site (the site). 

ETI memorandum of 29 October 1998 contained residence time requirements obtained based 

on VOC concentrations detected in five groundwater wells at the site and MCL cleanup 

targets (Table 1). Half-lives of 3 hrs for TCE and 6 hrs for cDCE and VC were used for the 

calculations (Table 1). 

A laboratory test using the site groundwater was not conducted for the site. Instead, ETI 

database was used to obtain VOC half-life values expected at the site groundwater conditions. 

At the end of 1998, ETI database contained results from over 100 bench-scale column test in 

which different sources of iron and a wide variety of site groundwater were used. The 

decision to use the database-derived half-lives at the site was based on relatively low total 

VOC concentrations and typical values of inorganic parameters found at the site. 

Table 2 lists the TCE and cDCE half-lives obtained from three bench-scale column test 

conducted with Peerless iron (the iron source used at the site) in which site groundwaters had 

voe composition and concentrations and geochemical parameters similar to the 

contaminated groundwater at the site. Half-lives obtained from numerous other tests with 

other iron sources have produced similar results. Laboratory half-lives established at room 

745 Bridge St. W., Suite 7 
Waterloo, Ontario 
Canada N2V 2G6 
Tel (519) 746-2204 
Fax (519) 746-2209 
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temperature (23° C) must be adjusted to the field groundwater temperature. Previous 

laboratory and field experience has shown that bench-scale half-lives should be increased to 

account for field effects including temperature. For example, if it is assumed that the 

operating (groundwater) temperature will not fall substantially below 10° C, it is reasonable to 

increase the effective half-lives by a factor of two. Note that even after the field adjustment is 

applied to the laboratory half-lives listed in Table 2, the values of 3 hrs for TCE and 6 hrs for 

cDCE appear conservative. 

Field monitoring results from iron permeable barrier installations indicate that the VOC half

values detected in the field conditions correspond well to the adjusted half-lives obtained from 

bench scale tests. For example, half-lives calculated from the VOC monitoring of an iron 

permeable banier installed in New York in 1995 ranged from 3 to 5 hrs for cDCE and were 

less than 4 hrs for TCE (Vogan et al., 1999). Half~lives determined based on field monitoring 

data from the iron reactive wall at Lowry AFB, CO ranged from 2 to 4 hrs for TCE and from 

2.5 to 9.5 hrs for cDCE (Gallant and Myller, 1997). The field data would seem to support the 

TCE and cDCE half-lives used in the site design. 

Recent research papers provide a summary of laboratory first-order degradation rates for 

granular iron materials (e.g. Tratnyek et al., 1998). The reported half-lives for chlorinated 

ethenes ranged from few minutes to several hours, depending on the source of iron and 

geochemical conditions of the groundwater, with half-life values of 0.5 hr (30 min.) and 4.8 

hrs (290 min.) considered as representative for TCE and cDCE, respectively (Tramyek et al., 

1998). Note that most of the published laboratory data is based on column and batch 

experiments conducted with laboratory grade iron material which has different characteristics 

(i.e. surface area, size distribution) than commercial iron sources used in field installations. 

Data collected in ETI's laboratory database are from column tests conducted with commercial 

iron sources only, but the contained results are similar to these values. 

If you have any questions regarding this memorandum, please contact us. 

2 
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Table 1: Residence Time Requirements, Ash Landfill (From ETI memorandum of 29 

October 1998) 

MCL 
Half Well Location and Concentration 

voe Lives 
(µg/L) PT17 MW-28 

(hr) 
MW-53 PT-24 MW-29 MW-27 

TCE 5 3 260 190 35 4 7 5 nd 

CDCE 5 6 53 17 53 51 140 150 nd 

VC 2 6 14 -- -- -- -- -- nd 

RT 
30 25 23 21 29 30 --

(hrs) 

RT 
1.25 1.04 0.96 0.88 1.21 1.25 --

(days) 

Table 2: Range of TCE and cDCE half-lives obtained from bench-scale column tests 

(23° C) using site waters with total VOC concentration <1,000 µg/L and low 

(<1,000 mg/L) TDS levels (ETI Database). 

lrpn 
Laboratory TCE Half-life (hrs) Laboratory cDCE Half-life (hrs) 

Type No. 
Mean Min. Max. 

Std. No. 
Mean Min. Max. 

Std. 

tests dev tests ,. dev 

Peerless 3 0.28 0.18 0.37 0.1 3 1.0 0.28 2.4 1.2 

4 
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Remediating Ground· Water 
with Zero-Valent Metals: Chemical Considerations 
in Barrier Design 
by Paul G. Trarnyek, Timorhy L. Johnson, Michelle M. Scherer, and Gerald R. Eykholt 

Abstract 

T
o gain perspective and insight into the perfor

mance of permeable reactive barriers contain~ 

ing granular iron metal, it is useful to com- • 

pare the degradation kinetics of individual chlorinated 

solvents over a range of.operating conditions. Pseudo 

first-order disappearance ·rate constants normalized to 

iron surface area concentration (ksA) recently have been 

reported for this purpose. Thls paper presents the results 

of further exploratory data analrsis showing the extent 

to which variation in ksA is due to initial halocarbon con~· 

centration, iron type, and other factors. To aid in_prelim~ 

inary design calculations, representative values of k:5,.,. .· 

and a reactive transport niodel have been used to calcu- · 

late the minimum barrier width needed for different 

ground water flow velocities and degrees of halocarbon 

conversion. Complete dechlorination of all degradation 

intermediates requires a wider treatment zone, but the 

effect is not simply additive because degradation occurs 

by sequential and parallel reaction pathways. 

108 ■ FALL 1997 GWMR Pages 108-114 

Introduction 
During the lase several years, a 

greac deal of progress has been 
made toward understanding che 
design and performance of in situ 
permeable treatment barriers using 
zero-valent metals (Gillham 1996; 
Tratnyek 1996). Much of this prog
ress has come from laboratory 
experiments with halogenated 
aliphatic compounds and granular 
iron in well-mixed bottles or in 
homogeneously packed columns 
(recent examples include Orth and 
Gillham 1996: Roberts et al. 1996; 
Allen-King et al. 1997; Johnson et 
al. 1997). kinetic daca from these 
types of experiments are now quite 
abundant, and represent a wide 
range of experimental conditions. 
We recently reported a statistical 
analysis of the available data that 
identifies the factors that contribute 
most to variability in observed con
taminant degradation rates (John
son et al. 1996). The results show 
that most of the range in first-order 
disappearance rate constants is due 
to differences in the reactivity of 
individual chemical contaminants 
and the amount of reactive surface 
area on the iron particles. By using 
surface area normalized rate con
stants, it is possible to make gener
alizations about degradation rates 
by iron metal that apply over a wide 
range of laboratory conditions 
(Johnson et al. 1996), In this paper, 
we consider the effects of additional 
experimental variables and apply 
representative rate constants to a 
reactive transport model for degra
dation of contaminants by an in situ 
permeable treatment barrier. 



~unace Area Norma11zee1 u1sappearance 
Kinetics 

Thd most successful kinetic models for environmen
tal degradation reactions are usually second order over• 
all: first order in concentration of the substrate, P, and 
first order in concentration of each specific environ· 
mental reactant (Hoigne 1990). The parameters iri this 
formulation are sufficiently general to be site indepen
dent, and yet are specific enough to be d.erived from 
available data. For degradation of a cont.arninant by a 
zero"valent metal, such a model can be written as 

(1) 

where ksA is the specific reaction rate constant (L hr1 

m-2); p~ is the concentration of iron surface area (m2 L-1 

of solution); and P represents the reacting halocarbon 
(Johnson et al. 1996). fo a particular system where Pa is 
known and constant, k5A can be derived from kobs -

ksA Pa, where kobs is the observed pseudo first-order dis• 
appearance rate constant for P. 

Values of ksA recently have been compiled from all 
published data on the degradation of halogenated 
alkanes and alkenes in batch and column systems con
taining zero-valent iron (Johnson et al. 1996). The indi
vidual data (open circles in Figure 1) show that vari
ability in reported values of ksA for each individual 
halocarbon averages about one order of magnitude. 
The reasons for this variability have been discussed 
previously (Johnson et al. 1996), and an: further elabo
rated below. It is important to note, however, that vari• 
ability in ksA for individual compounds is modest rela
tive to the five orders of magnitude variability between 
the various halocarbons. 

Processes Contributing to Degradation 
The kinetic model represented by Equation 1 is for. 

mulated to ret1ect only a single pathway of contaminant 
transformation. However, it now appears that the 
degradation of halocarbons by iron metal can be due to 
a variety ~f degradation pathways (Roberts et al. 1996). 
The various possibilities can be accommodated by 
expanding ksA inm the sum of rate constants for each 
individual degradation pathway. Thus, we can write 

(2) 

where kec represents hydrogenolysis by single electron 
transfer (Matheson and Tratnyek 1994); krc represents 
reductive elimination by two electron transfer (Roberts 
et al. 1996); and k01he( is included to accommodate other 
possibilities whose importance remains to. be demon
strated (such as hydrogen atom transfer). The model 
(Figure 2) assumes that the rate of degradation is con• 
trolled by chemical reaction rather than adsorption 
(Burris et al. 1995; Allen-King et al. 1997; Campbell et 
al. 1997) or mass transport across the stagnant bound-

1'1..tw. .. 
PCM ·· · ···- ·•·········--· , ............ ···---------··•-•·-0"·-· {lf)-'tll) 0··«1!)···•" 
TCM .......................... --· _ ............. - •. <m·•···O···· ............. ---·······-·--··"·"-'" .. ~···· 

Aikin .. 

HCA ............... , .... ,., ........... ----••-·······-·0···"·--·•···0····-···-··-·-·-
112lT1CA ··-·-··-·· .. ·•-·"····• ...... • ....... ----·-- · • .- ........... ·.•--····-·-··• ............ -........ . 

11 llTtCA -······ · ....... ·-· · -···· ··•• .. "'.•.········--······ ··-··--···"·•····•·"··· --·•··-·-·-·-.. · ......... ,. ·····-· 
11 ITCA ... , . ····"· ·•-······-···-•··-- -·--· .. ···-··• ... ••-····---•····--··-·••••--·-----·· ... 

Aikin., 
Pee ......... • .. ·--·-·•· .. ·······-·--0-· O>----a> .. -o--~·--~ ..... --·--
TCE -- ·---·- ·---0~Gllllm>~GE>>-----~Q·---

IIOCE ••-·•--e-.- ·· ------.. -
d 20CE - ···• •··· ~······· .. ---0<D·-------•••···--· -- ·----······ ~ 
cl20CE --· ----e::90•·••••~-- ----- ---.. ··•••••··------~•~-·•· 

vc -- - •--· -oe-•·······-······ -----·--------·-· ... -·--·-~ 

1(1"1 10•1 

~(Lhr1 m-2) 

Figure 1. Representative values of ks,, (sofld circles) for com• 
mon chlorinated solvents, superimposed on the Individual k5" 
data from which the avera1e values were derived (open circles). 
Batch·, regression•, and colwnn-derived data are included. 
Representative data can be found in Table l and Johnson et al, 
1996. 

Gra undWlltrr 

Other,0(!1 

Figure 2. Conceptual model of paraRel transformation 
processes that contn'bute to kSA for reduction of a halocarbon 
at the surface of iron metal In aqueous systems. Rate constants 
reflect those defined In Equation 2. Reversible arrows indicate 
adsorption/desorption. The reductive ellmlnation pathway is not 
shown. 

ary layer (Scherer et al. 1997). Although experimental 
data are not yet available to quantify each of the terms 
in Equation 2 independently, the formulation does pro
vide qualitative insight into degradation reactions 
occurring at the metal surface. For example, the relative 
contributions of the terms comprising ksA will not only 
vary irom compound to compound, but are also likely 
to be affected in compound.specific ways by experi· 
mental variables such as pH and precipitation of oxides, 
carbonates, or sulfides. 
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Figure 3. Effect of Initial substrate concentration (represented 
by dot size) on the distribu1ion of k114 data for common chlori· 
natud solvents. Individual points are the same as those repre· 
1enttld as open circles In Fl&ure l. 
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Figure 4. Effect of iron type (labels) used in degra<lation sti.Jdies 
on the distribution of ks4 data for the major chlorinated sol
vents. Felc=Fisher electrolytic; Ffile:Fisher flllnts. Other label 
abbreviations can be found in Johnson et al. 1996. 
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Figure 5. Effect of litur11ture source (labelsl on the distribution 
of JcSA data for the major chlorinated solvents. Label& abbreviate 
first author and year for the ks_.4 data found in the supporting 
materlal to Johnson et al, 1995. 
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Kinetics 
In addition co the;: primary effc!cts of substrate and 

metal surface area (Equation I). several other factors 
influence the kinetics of halocarbon degradation by 
iron. One factor thac con be:: quantified using currencly 
availablt: data is the ~uturation of reactive surface area 
with increasing substrate concentration. When initial 
substrate concentration is increased up to 2.0 mM, 
under otherwise constant conditions, data from batch 
experiments exhibit the classical behavior of site-lim
ited reaction kinetics (Scherer and Tratnyek 1995; 
Johnson et al. 1996; Johnson et al. 1997). A similar 
effect has been reported for degradation of PCE on 
~nc (Arnold and Roberts 1997). Dt:spite this, the effect 
of initial substrate concentration is not discernible in 
the collective set of currently reported kinetic data 
(Figure 3). This suggests that a single value of ksA 
should be adequate over the range of chlorinated sol
vent concentrations commonly encountered in ground 
water, although a more complex kinetic model may be 
necessary to accommodate highly contaminated water 
or laboratory systems containing small quantities of 
metal. 

Metal "type'' is the variable that is most commonly 
invoked to rationalize otherwise unexplained variability 
in degradation rates by iron. The Pa term in Equation l 
characterizes quantity of ii:on surface area, but does not 
address differences in the reactivity of the surface. 
Formally, the density of reactive sites can be factored 
out of p0 (Johnson et al. 1996), but there is little 
prospect that this can be done routinely for environ
mental applications. At present, the best we can do is 
treat iron type as a category variable and look for quali
tative. trends in the available data. Figure 4 represents 
such a comparison, but it does not reveal any trends in 
ksA• There may be effects of iron type that eventually 
will be discerned from controlled experiments designed 
for this purpose, but Figure 4 suggests that the effect on 
ksA is less pronounced than is widely assumed. 

Other factors may influence ksA• but their general 
significance is difficult to evaluat'e because detailed stud
ies of each factor are not yet available. Some of these 
factors are experimental variables that are likely ro vary 
in ways that corrdate with the laboratory in which the 
data were measured (such as buffer formulation, trear
men t of the iron, and conditions of incubation). 
However, applying a source identifier as a category vari
able to the distribution of ksA (Figure 5) reveals no obvi
ous patterns in the darn that can be used to e,cplain the 
order of magnitude variability in literature values of ksA· 
This does not mean that differences in laboratory proto
cols are not important, but it shows that their effects are 
modest relative to the range of reactivities exhibited by 
the different chlorinated solvents. 

Slnce there is no immediate prospect of defining or 
measuring a more general descriptor than ksA, we have 
calculated average values (Johnson er al. 1996) and 
reported them in Table 1. These rate constants are "typ-
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Representative Kinetic Data for Dehalogenution by Iron 

Halocarhon Abbrt:vi.ition 

Tetrachloromcithanc PCM 

Trichloromethane TCM 
Tribromome1hane TBM 
Hexachloroethane HCA 
1, 1,2,2-tetrachloroethane 1122TeCA 
l.1,1.2,tctrachloroethane lll2TeCA 
l, 1, 1-trich loroethane lllTCA 
1,2.3-trichloropropane 123TCP 
Tetrachloroethene PCE 

Trichloroethene TCE 
1, 1 -dich\oroc thcnc 11DCE 
t•l,2-dichloroethene tl2DCE 
c-1 12-dichloroethtme c12DCE 

Vinyl chloride vc 
10rig!nally rcportad in Johnson ct al. 1996. 
lDcrived from tabularcd valuos ot ksA• 

ical" in the sense that they reflect the whole range of 
disappearance rates reported (as of November 1996). 
As such, they are the best available input parameters 
for preliminary design calculations. Of course, final 
designs for a particular site should be based on values 
of ksA determined in treatability tests done under site
specific conditions. 

Implications for Barrier Design 
One of the most critical issues that must be consid

ered in the design of permeable reactive barriers is 
selection of an appropriate barrier width (Gavaskar 
1997; Suthersan 1997). The barrier width must provide 
sufficient contact time to ensure that contaminants are 
degraded to target levels. The necessary contact time is 
a function of the reactive surface area of the iron; 
degradation rate constants for the contaminants by 
iron; reaction pathways that lead to formation and 
degradation of hazardous reaction products; and the 
degree of contaminant degradation required to reduce 
effluent concentrations to regulatory limits. By model
ing the. net contribution of these four factors, it is possi
ble to derive some quantitative guidelines for the pre
liminary design of reacrive barriers. 

Contaminant degradation rates are determined, in 
part, by first~order rate constants (kobs), which are equal 
to the product of ksA for the particular contaminant and 
the surface area of iron per unit pore volume in the 
treatment zone (i.e., Pa in Equation 1). While it is con
venient to report kinetic data normalized to Pa = 1 m2 

mL-1 (Gillham and O'HanMsin 1994), iron treatment 
systems are often designed with Pa as high as 3.5 m2 

mL - 1• Half-lives for the reduction of halocarbons by 
iron metal, calculated using boch 3.5 and 1.0 m2 mL-1 

for p0, are shown in Table 1. 

kg,\I t~ (min)Z t~ (min)Z 
(L m--lhr1) @ 1 m2ml-1 @J.S m1ml•I 

l.2 X 10-1 0.35 0.10 
9.2 X 10--4 45 13 
1.7 X 10-2 2.4 0.70 
3.1 X I0-2 1.3 0.38 
l.J X 10-2 3.2 0.91 

1.4 X 10-2 3.0 0.85 
1.1 X 10·2 3.8 1.1 
6.1 X lo-'i 6800 1900 
2.1 X 10-J 20 5.7 
3.9 X 1Q-.1 110 30 
6.4 X 10-~ 650 190 
1.2 X 10-4 350 99 

4.1 X 10-5 1000 290 
5.0 X 10·5 830 240 

0,01 0.1 10 

Grcunclwatcr Vtllo,lty (ft d11.y"') 

Figure 6. Preliminary barrier width design curves for thousand• 
fold reduction in parent halocarbon concemratlon as a function 
of i:round water velocity (v), Curves are based on ks, values in 
Table l; iron surface area e,.. 1 m2 mL-1: dispersion D == 
(0.001 ft.) v + (9.3 xlo-4 ft" d"1); and the steady-state reactive 
transport model discussed in Eykholt and Slvavec 199S. The 
effects of parallel or sequential first-order reactions and 
changes In kSA over time are not represented. 

Half-lives for contaminant degradation can be 
related to contact time in a treatment zone by applica
tion of a reactive transport model. The general analyti
cal solution of the advection-dispersion equation (van 
Genuchten 1981) considers transient, one•dimensional 
transport of a contaminant in a saturated column with 
simple boundary conditions, steady flow, Fickian disper
sion, linear sorption, first-order dt!gradation1 and a zero
order source-sink term. ln the following analysis of reac
tive transport in a permeable barrier. we have included 
only steady-state transport with first-order degradation 
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(no sorption and no other sources or sinks), using conser
vative values for velocity-dependent dispersion (Eykholt 
and Sivavec 1995). At higher velocities, the model con
verges to the steady-state solution for first-order reaction 
with plug flow, but the solution used here deviates sub
stantially from this approximation at lower velocities. 

Using this approach, the required width of an iron
bearing treatment zone can be calculated as a function 
of ground water flow rate for the various chlorinated 
solvents (Eykholt and Sivavec 1995). Figure 6 shows the 
calculated wall thickness for a thousandfold decrease in 
contaminant concentration as a function of ground 
water flow rate, using representative values of ksA 
(Table 1) as input parameters for each halocarbon and 
assuming Pa = 1.0 m1 mL-i. Preliminary design widths 
(W d) for other degrees of conversion and values of Pa 
can be calculated with the following scaling relation
ship: 

(3) 

where Cd is the desired effluent concentration; ¼ is the 
input concentration; and Wrcf is the reference width 
obtained from Figure 6. Note that barrier widths are 
inversely proportional to Pn and to ksA (reflected in 
w:cr), Thus, barrier width must be doubled if treatabil
ity tests indicate a ksA which is half of the correspond
ing value in Figure 6. 

The calculation of an appropriate barrier width is 
more challenging for reactions involving parallel and 
sequential first-order reactions, such as the r~duction of 
chlorinated ethenes to ethene (Roberts et al. 1996; 
Campbell et al. 1997). Where contaminant degradation 
leads to several possible products, the kinetics can be 
formulated in terms of branching ratios (i.e., the pro
portion of a degradation rate constant that goes to for• 
mation of each product). Unfortunately, few data are 
available from which branching ratios can be derived 
for degradation by zero•valent iron, and little is known 
about how much these ratios vary with operational con· 
ditions. Nevertheless, the simple model described 
above can be extended to illustrate the effects that par
allel and sequential degradation pathways may have on 
barrier design. 

The extended model, and its limitations, are illus
trated in the following analysis for TCE and PCE. 
Good estimates are available for ksA for TCE and PCE 
(Table 1). However, few data are available regarding 
the branching ratios for formation of the various prod
ucts such as cl2DCE, t12DCE, and 11DCE (by 
hydrogenolysis) and chloroacetylene (by !3-elimina
tion). Typically, as TCE degrades, the main chlorinated 
products are c12DCE and VC (Liang et al. 1997). The 
compound llDCE may also be produced, but usually at 
concentrations an order of magnitude below c12DCE. 
Chloroacetylene is produced by elimination (Roberts et 
al. 1996), but it should degrade quickly to acetylene or 
VC. As ground water standards are usually most strin
gent for vinyl chloride, the formation and degradation 
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of this degradation product is particularly important to 
the desigr1 of permeable reactive barritirs. 

Thus, a simplified system of rate equations can be 
written for the degradation of PCE in terms of TCE, 
t12DCE, VC, chloroacetylene, fl! (the branching ratio 
for 13-elimination of TCE to give chloroacetylene), and 
Ac (the combined concentrations of chloroacetylene 
and acetylene). 

- d(PCE) ""' k, [PCE] 
Padt SA.PCS (4) 

d[TCE) 
- Padt = k:.A.-rce[TCE] - ksA,Pce(PCEJ (5) 

(6) 

(7) 

An analytical solution set can be derived for the 
concentrations of all species in Equations 4 through 8 
using Laplace transforms (Walas 1981). The solution 
can be used to make quantitative estimates of the bar
rier width necessary to treat each contaminant. Table 2 
illustrates the result for the case where a thousandfol~ • 
decrease in initial chlorinated ethene concentration is • 
needed to reach the target effluent concentratio;:1. of 
vinyl chloride. For this simulation,~"" 0.75 was used to 
simulate faster formation of Ac than c12DCE (Roberts 
et al. 1996), degradation of Ac was not considered, and 
rate constants for all other reactions were taken from 
Table 1. 

The results in Table 2 show that barrier widths esti• 
mated only from degradation of PCE and TCE (as in 
Figure 6) are far less than the widths required when 
action levels for degradation products such as VC are 
considered. The width required to treat any input com
bination of chlorinated ethenes is never greater than 
that required for the same conversion of c12DCE, but is 
always greater than that required to treat an equivalent 
molar concentration of vinyl chloride. Therefore, a con
servative approach to barrier design for mixtures of 
chlorinated ethenes (that does not require additional 
modeling) may be to choose a width of treacment zone 
greater than the width required if all chlorinated 
ethenes were present as c12DCE. To achieve the target 
effluent concentration of VC, barrier widths for 
c12DCE from Figure 6 should be increased by 20 per
cent. Substantially narrower treatment zones may suf• 
fice where ground water velocities are slower or the 

· required degree of contaminant degradation is less (see 
Figure 6, Equation 3). 

These design guidelines are based only on the analy• 
sis in Figure 6 and Table 2, so they do not incorporate 
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Table 2 
Estimated Barrier Widths Required to Treat Mixturi:s of Chlorinated Ethenes 

Chlorinated Eahene Concentrutions in the lnfluent Relative E,;timute or Required 8arril!r Width (IW 
to Turgec Concentrations of Vinyl Chloride 

p. = 1.0 mZ mL·1 p. "'" 3.5 m2 mt-1 in the Effiuent1 

of to of ro 
PCE TCE c12DCE vc p.ore11r' vc parent vc 

woo 0.1 7,0 0.03 2.0 
1000 0.7 7.0 0.2 2.0 

1000 7.0 8.4 2.0 2.4 
1000 5.8 5.8 1.7 1.7 

600 200 200 7.3 2.1 
800 200 7.4 2.1 
400 500 100 7.8 2.2 
200 800 8.2 2.3 

1Ba1ed on molar con.i::ntration&. 
2AII calculation$ ill,5Umc 1 £t ct"1 velocity and average rate con~tants (ksi\) as in Table 1. 
3For a thowsandfold dei:rcase in p~rcnt ooncentration only, ij~ in Figure 6. 

(statistjcal) uncertainty in rate constants or flow veloc
ity. Using Monte Carlo modeling, we have recently 
shown that safety factors in barrier width ranging from 
two to six may be required to reduce the probability of 
exceeding the target effluent concentration to 5 percent 
(Eykholt 1997). This analysis assumed that ground 
water velocities vary log-normally with standard devia
tions ranging from 0.5 to three times the velocity, and 
that degradation reactions are independent (not 
sequential) with normally distributed :rate constants 
having standard deviations that range from zero to 0.5 
times the rate constant. While these safety factors may 
be generous, it is important to note that they apply to 
widths calculated from average values of velocity and 
rate constants. Realizing the impact of large variations 
in either parameter, some designers may choose to 
select widths based on expected extreme values. 

The calculations presented here are based on aver
age estimates of reaction rate constants and the 
assumption that reductive dechlorination is the primary 
degradation mechanism. Deviations from the model 
predictions are likely with longer exposure time due to 
the gradual passivation of iron surfaces by precipitates 
in the trnatment zone. Predictions for sequential first
order processes are particularly vulnerable to changes 
in the mechanism or ratt\ constants for less reactive con
stituents. However, these results do provide a quantita
tive basis for performing preliminary design calcula
tions and should be useful in this capacity as long as 
they are foUowed by laboratory feasibility testing. 
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envirometal 
technologies 
inc. Memorandum 

To: 

From: 

Date: 

Anna Fodor, Parsons Engineering Science, Inc. Fax: 781-401-2575 

Andrzej Przepiora, John Vogan, EnviroMetal Teclmologies Inc. 

20 April 2000 

Re: Anticipated Iron Lifetime and O&M Requirements for a Permeable 
Reactive Barrier Located at Ash Landfill, Romulus, NY -31317.77 

Further to your request, EnviroMetal Technologies Inc. (ET!) performed the following 

calculations to determine the theoretical lifetime of granular iron in an additional permeable 

reactive barrier (PRB) designed for VOC treatment at Ash Landfill, Romulus, NY. Also 

included is a response to your recent enquiry about long-term iron PRB operation and 

maintenance. 

The calculations are based on measured iron corrosion rates with water, volatile organic 

compound (VOC) degradation and oxidation by dissolved oxygen (DO). To simplify the 

calculations, iron loss due to corrosion is calculated for a representative 11 unit 11 volume of iron 

wall with a face surface area of 1 cm2 and a thickness equal to the PRB thickness (2.1 ft or 64 

cm in the PRB located in the vicinity of the source 2one). Iron porosity of 0.5, iron bulk 

density of 2.6 g/cm3 (162 lblft\ a ma:x.imum dissolved oxygen (DO) concentration in 

groundwater of 7.8 mg/L and a groundwater velocity of 0.4 ft/day were assumed for the 

calculations. 

When iron is exposed to water containing dissolved VOCs, several reactions occur which 

corrode or .. consume" the iron. One reaction is the iron corrosion reaction by water to 

produce hydrogen and hydroxide ions. 

42 Arrow Road 
Guelph, Ontario 
Canada N1K 1S6 
Tel: {519) 824-0432 
Fax: (519) 763-2378 

(1) 
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For the purpose of this calculation, this reaction is assumed to be independent of groundwater 

flow rate (velocity) through the iron (i.e. in will occur whether, "fresh" groundwater is 

entering the system or not). By equating the measured hydrogen gas production rate to the 

rate of iron corrosion in the laboratory, corrosion rates for granular iron have been dete:rmined 

to be 0.05 mmol/kg Fe/day (Reardon, 1997). Using the molecular weight of iron (55.9 

g/mol), 0.05 mmol is equivalent to 2.8 mg of iron. If each day, 2.8 mg of each kg of iron are 

converted from Fe to Fe2-i-, then in the representative cell containing 166 ,4 g of iron ( 64 cm x 

l cm2 x 2.6 g/cm3
) about 0.47 mg (166.4 g + 1,000 g x 2.8 mg) of iron would be consumed 

each day in this reaction. 

Iron corrosion is not the only iron consuming reaction occurring in these systems. Iron also 

serves as the electron donor in the reduction of chlorinated VOCs. This reaction can be 

represented by the equation: 

(2) 

The amount of iron consumed in this reaction is dependent on the mass flux of VO Cs entering 

the PRB. From equation (2) 1 mol of iron is consumed for I mol of chloride released into 

solution. For a PRB located in the vicinity of the source zone, lL of water containing about 

10 mg/L TCE (C2HCh) (0.076 rnmols) would consume 12.7 mg (0.228 mmols) of iron. At a 

groundwater flow velocity of 0.43 ft/day, about 0.2 pore volumes passes each day through a 

2.1-ft (64 cm) thick cell, equating to about 0.006 L (0.2 x 0.5 x 64 cm x 1 cm2 + 1,000 cm3/L) 

of groundwater. Therefore, about 0.08 mg of iron (12.8 mg/L x 0.006 L) would be corroded 

each day in the representative cell due to the reaction presented in equation (2). 

A third reaction that consumes iron is the aerobic reaction with DO. 

(3) 

The amount of iron corrosion in this reaction is dependent on the mass flux of DO entering 

the PRB. From the reaction, 2 mols of iron are consumed for 1 mol of DO. Based on data 

from well MW-45, 1 L of water containing 7.8 mg/L (0.244 mmol) of DO will consume 27.3 

2 
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mg of iron. At this rate, about 0.16 mg (27.3 mg/L x 0.006 L) of iron a day would be 

corroded in this reaction in the representative cell. 

The cumulative rate of iron consumption in the representative cell due to corrosion reactions 

represented in equations (1), (2) and (3) equals 0.71 mg/day (0.47 mg/day+ 0.08 mg/day+ 

0.16 mg/day). Therefore in the representative cell containing 166.4 g of iron, it would take 

about 642 years (166,400 mg+ 0.71 mg/day+ 365 days/yr) to consume all iron material at 

this rate. 

Similar calculation were performed for the other two proposed walls; the middle wall 

(groundwater velocity of 0.43 ft/day, wall thickness of 1.2 ft, DO= 3.9 mg/L, TCE = 0.53 

mg/L) and the downgradient wall (groundwater v~locity of 1.23 ft/day, wall thickness of 2.1 

ft, DO= 1.8 mg/L, TCE:,,; 0.10 mg/L). The theoretical lifetimes of iron in these two walls 

are 695 and 756 years, respectively. 

Although there is some uncertainty m the above calculations and the groundwater flux 

conditions that may exist decades in the future, it seems reasonable to expect the iron in the 

PRB to last for many decades. 

The major factor affecting O&M costs is the possible need for periodic rejuvenation of iron 

sections affected by precipitates. The precipitates (if significant) will form in a narrow zone 

at the upgradient aquifer/iron interface. Rejuvenation therefore could be as simple as 

agitating the upgradient face of the iron every few (i.e. 7 to 10) years with an auger to restore 

the permeability of this material. Cost of this procedure may be in the order of $5 to $7 per 
ft2. 

This periodic O&M requirement should be included in long-term cost models for the 

technology. The rise in pH as a result of corrosion of the iron typically causes the 

precipitation of carbonate minerals such as calcium carbonate and iron carbonate (siderite), 

and at pH values in the range of 9 to l 0, iron will precipitate as iron hydroxide. Concern has 
been expressed regarding the potential for these precipitates to reduce the activity of the iron 

and/or to reduce the penneability tlrrough pore clogging. Experience to date indicates 
calcium carbonate to represent by far the largest volume of precipitates, and also indicates that 
precipitates have only minor effect on the activity of the iron. 

3 
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Recent core analyses from pilot-scale systems in New York and Colorado revealed porosity 

losses in the upgradient few inches of iron in the range of 10% of the initial porosity, with 

losses declining sharply over the first foot to below 2% (Vogan et al., 1998). These porosity 

losses were calculated based on carbonate analyses of iron material retrieved by coring the 

treatment zone. The porosity loss measured in the core samples was consistent with that 

predicted on the basis of changes in the inorganic water chemistry, Assuming an initial 

porosity of 0.5, the porosity after 18 months (Colorado) to 2 years (New York) in the first few 

inches of the iron zones had declined to about 0.45, Concurrent field data (VOC and 

groundwater velocity measurements) indicated that system hydraulics and iron reactivity had 

not been adversely affected by the precipitates. Based on groundwater monitoring data, a 

porosity loss of 0.35% a year was calculated for an iron PRB at a site in Colorado (McMahon 

et al., 1999). A commercial system in Sunnyvale, CA (Szerdy et. al., 1996) has also been 

performing consistently for over 5 years. Groundwater at this site exhibits TDS in the range 
of 1,000 to 3,500 mg/L, No significant precipitates were observed in cores from an in situ 
reactive wall at the University of Waterloo Borden test site two and four years after it was 

installed (O'Hannesin and Gillham, 1998). This wall performed consistently over a 5 year 

period, with the expectation that it would continue to perform for at least another five years 

with no maintenance. 
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Re: Anticipated Amount of Hydrogen Gas Generation in a Permeable 
Reactive Barrier Located at Ash Landfill, Romulus, NY-31317.77 

Further to our recent discussions, EnviroMetal Technologies Inc. (ETI) perfonned the 

following calculations to determine the theoretical amount of hydrogen generated. in the 

penneable reactive barrier (PRB) at Ash Landfill, Romulus, NY. 

Hydrogen gas is produced during iron corrosion reaction by water: 

(1) 

Laboratory experiments with commercial iron indicated that the hydrogen gas production in 

this reaction is 0.05 rnmol/kg Fe/day (Reardon, 1997). 

For the purposes of the calculations, we have made the following assumptions: 

• A unit length of the wall (1 ft wide x 10 ft high x 0.5 ft thick) contains S ft3 of iron, 
• A long-term H2 gas production rate is 0.05 mm.al H2/kg Fe/day, 
• Iron bulk density is 160 lbs/fr'3 and porosity is 0.4, 
• Solubility ofH2 equals 0.019 LIL of groundwater (Dean, 1985), 
• Groundwater flow velocity is 1 ft/day. 

Based on the iron density of 160 lbs/ft3, about 800 lbs (363 kg) is contained in the 5 ft3 iron 
zone. Therefore, the amount of H2 formed during corrosion in this iron zone equals 20 mmol 

745 Bridge St. W,, Suite 7 
Waterloo, Ontario 
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H2/day (363 kg x 0.05 mmol/k:g Fe/day). Since at standard pressure and temperarure 1 mol of 

H2 occupies 22.441 L, about 0.45 L/day of hydrogen is formed in the 5 tt:3 iron zone. 

Based on the assumed groundwater velocity of 1 ft/day, about 2 ft:3/day (56.6 L/day) of water 

moves through the S ft3 iron zone (1 ft/day x 10 ft x 0.5 ft x 0.4). Based on H2 gas solubility, 

the maximum amount of H2 gas dissolved in that amount of water equals about 1.1 L/day 
(56.6 L/day x 0.019 LIL), and therefore all of the H2 generated in the iron zone (0.45 L/day) 

should theoretically remain in the dissolved phase (no free H2 gas). 

The generated hydrogen will undoubtedly influence microbial population as the iron-treated 

water moves into the downgradient aquifer. Monitoring results from iron PRBs provide an 
indirect evidence of increased microbial activity directly downgradient of the iron zone. For 

example, Warner et al. 1998 reported methane levels in downgradient aquifer wells 6-fold 

higher than those measured in the upgradient wells, indicating increased methanogenesis. 

Similar increases in methane levels were observed in the monitoring wells downgradient of an 

iron PRB in Elizabeth City, NC (EPA, 1999). However, we (or our EPA contacts) are not 

aware of any published data concerning quantification of hydrogen-related microbial activity 

downgradient of an iron PRB. 

Our literature database includes a few references dealing with microbiological hydrogen 

consumpt:on and dehalogenation (see the attached list). Sample published H2 microbial 

consumption rates are as follows: 

• low H2-gas consumption rate=0.13 mole/hr/gbncteria(dry weigh1)=3 .12 mole/day/~uctcria(dry weight) 

(Ahring and Weste1mann, 1987); and 

• high H2-gas consumption rate=0.43 mole/hr/gbacwria(dry weight)=l0.32 mole/day/gbacreri~(dry 

wclgllt) (Zehnder et al., 1981). 

We are currently checking with researchers active in this area to see if any unpublished data 

can be made available concerning microbial activity downgradient of a PRB. We will 

forward any information we can in this regard as soon as possible. 
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Appendix E 
Groundwater Monitoring and Modeling at the Ash Landfill 

• Modeling for Remedial Design for Continuous Reactive Wall Scenarios at the Ash 
Landfill, Seneca Army Depot Activity 

• Groundwater Chemical Results Round 1 Groundwater Monitoring Ash Landfill 
Remedial Design, Seneca Army Depot Activity, Romulus, NY 

• Groundwater Chemical Results Round 2 Groundwater Monitoring Ash Landfill 
Remedial Design, Seneca Army Depot Activity, Romulus, NY 

• Ash Landfill 1998 Third Quarter Groundwater Monitoring Indicator Parameters 
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Technical Memorandum 

Ash Landfill Remedial Design Project File 
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June 6, 2000 

Re: Modeling for Remedial Design for Continuous Treatment Wall Scenarios at the Ash 
Landfill Ash, Seneca Army Depot Activity 

INTRODUCTION 

This memorandum presents the results of groundwater flow and solute transport modeling that 
evaluated four designs of additional continuous, zero-valent (reactive) iron walls at the Ash 
Landfill. The additional walls will supplement the existing iron wall that was installed on the site 
in 1998. The designs (scenarios) evaluated were as follows: 

1. Scenario 1 - One additional cut-off trench installed perpendicular to the direction of 
groundwater flow; 

2. Scenario 2 - Two additional cut-off trenches installed perpendicular to the direction of 
groundwater flow; 

3. Scenario 3 - V-trench and parallel trench configuration; and 
4. Scenario 4 - Multiple parallel trenches and single cut-off trench. 

Prior to evaluating the reactive iron wall designs, a three-dimensional numerical groundwater 
flow model was developed for the site. The numerical model was based on conceptual 
hydrogeologic model that was first developed during previous modeling of the site (Parsons, 
1996). The conceptual model was refined in the area of the Ash Landfill site for this evaluation, 
and translated into a steady-state, numerical groundwater flow model. The steady-state flow 
model was calibrated until a reasonable match to long-term water levels was made. A solute 
transport model was then developed. The solute transport model was calibrated to the observed 
concentrations in the plume, prior to the Removal Action at the Ash Landfill. Then, the 
calibrated model was used to evaluate the four design scenarios using the most recent chemical 
data as starting concentrations (of total chlorinated ethenes), and affects of matrix-controlled 
diffusion of the chlorinated ethenes, for the predictive simulations. Finally, the model was run 
using the scenario with the best overall performance (Scenario 2), and it included the affect of 
increased biodegradation due to hydrogen addition to the aquifer system from the reactions in the 
iron wall. This last model scenario provided the best estimate of the clean-up time for the plume 
of chlorinated ethenes at the site. 

The groundwater modeling was conducted using MODFLOWwin32 [MOD FLOW (McDonald and 
Harbough, 1984)]. The solute transport simulations were conducted using the MT3DMS solute 
transport model (Zheng and Wang, 1998). Both models are well-known, well-documented, 
public domain models. The model data were managed in Microsoft Excel and Golden Software's 
Surfer Version 6. ESl's Groundwater Vistas pre- and post-processing software (ESI, 1998) was 
used to develop the model and evaluate the modeling results. The modeling results were exported 
to ESRl's Arcview 3.1 GIS software for preparation of the figures for this report. 
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GROUNDWATER FLOW MODEL 
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The groundwater flow model consisted of four layers, one for the till/weathered shale aquifer, and 
three other layers for the competent shale. The model had a dimension of 122 x 353 cells. The 
model cells were set at 25 feet within the area of the Ash Landfill site, but these cells were later 
refined during solute transport to simulate the reactive iron walls. Model boundaries were set at 
large distances from the Ash Landfill site (Figure 1). Seneca Lake was a constant head boundary 
to the west, the topographic (and groundwater) divide along Route 96 was a no-flow boundary to 
the east, and streamline no-flow boundaries were used for the northern and southern boundaries 
of the model. 

Model Calibration 

Calibration of an existing four-layer steady-state groundwater flow model was accomplished by 
adjusting hydraulic conductivity zones in the upper three layers and recharge in layer 1. Initially, 
conductivity zones were established based on hydrostratigraphic determinations made during the 
previous modeling (Parsons, 1996). Then, in selected locations of the upper three layers of the 
model, the conductivity values were further adjusted, however, the range of adjustments were 
within an order of magnitude established using field measurements during the RI. In addition, 
zones of regional net recharge were established on the top of layer 1 to reflect the relative amount 
ofrecharge based on the slope of the ground surface. The recharge zones were also adjusted 
based on the presence of landfilled areas and wetlands. A large roadside drainage ditch along 
North-South Baseline Road was simulated using model drains, which removed water at the 
western end of the Ash Landfill. The steady-state model was calibrated when the simulated water 
levels reasonably matched the long-term water level targets. Simulated groundwater contours are 
shown in Attachment A. Statistically, the model was considered to have been calibrated when the 
absolute mean error (average of the absolute value of the differences between the observed and 
simulated water levels) was 10% or less of the difference in water level across the modeled area. 
The actual calibrated error was 1.8%. The water balance error for the model was approximately 
0.3 %. 

Refined Groundwater Flow Grid and Establishing Treatment Walls 

Prior to establishing the reactive iron walls in the model, the grid in the area of the proposed walls 
was refined. This allowed the narrow walls to be simulated, and increased the hydraulic head and 
concentration resolution of the modeling results. To refine the grid, the 25-ft grid spaces of the 
steady-state flow model were adjusted to a regularly spaced grid size of 3 .1 ft, which is the 
approximate width of a typical excavator bucket, and the anticipated width of the final reactive 
walls. Beyond this area, the grid expanded by roughly 1.5 times. The refined flow model had a 
dimension of 310 x 632 cells. Then the four reactive iron wall scenarios were established in four 
separate flow models. The reactive walls were established in layer 1 and they consisted of 
elongate zones with a hydraulic conductivity of 7.4 x 10·3 cm/sec (or 20.97 ft/day), which is based 
on laboratory permeability testing of the iron/sand mixture in existing reactive iron wall. Steady
state groundwater flow head solutions were obtained first for each scenario and then transient 
groundwater flow simulations were subsequently conducted to generate the input files required by 
MT3DMS. 

SOLUTE TRANSPORT MODEL 

The solute transport modeling evaluated the effectiveness of the four reactive iron wall scenarios 
and evaluated the potential for the portion of the plume that exists downgradient of the existing 
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reactive iron wall to adversely impact the wells at the Farm House. In these evaluations, the 
solute transport model simulated the movement of the total chlorinated ethenes plume as TCE; 
multispecies transport was not simulated for this project. 

The MT3DMS computer code was selected to simulate contaminant transport. MT3DMS 
includes the standard finite-difference method, several mixed Eulerian-lagrangian methods, and a 
third-order TVD method with a universal flux limiter. These solution options treat the dispersion, 
sink/source and reaction terms in exactly the same fashion, using the block-centered finite
difference method, either explicitly or implicitly. They differ; however, in the way the advection 
term is solved. In this simulation, the Generalized Conjugate Gradient Solver package was 
selected, and the implicit upstream finite difference method was used to solve the advection term 
without any stability constraints. 

Calibration 

Prior to simulating the reactive wall scenarios, the transport model was calibrated. The model 
was calibrated by simulating the plume migration from constant sources in the former source 
areas at the Ash Landfill, without the presence of the continuous reactive walls. The time of the 
initial release was estimated to be 30 years. The constant sources were based on the chemical 
concentrations measured in the plume source areas prior the Removal Action. Two of the sources 
were represented by the total chlorinated ethene concentrations in MW44 (132,360 µg/1) and in 
PTl 8 (13,953 µg/1) (Figure 1-1, Parsons 1996). During the calibration process, one additional 
point source was established between MW44 and PT18. A distribution coefficient (Kd) of 0.0752 
ml/g was used for the model calibration. It was calculated using site-specific organic carbon data 
(foe of 0.0008) for the till matrix and a literature-derived Koc (94 ml/g), which is the geometric 
mean for TCE as cited by EPA ( 1996). This revised Kd for TCE is different from the one used in 
previous Ash Landfill model (Parsons 1996), which was a literature-derived value of 0.013 ml/g. 
Using the revised Kd, and bulk density and porosity data, a retardation factor of 1.9 was 
calculated for TCE in the till/weathered shale aquifer at the Ash Landfill site, which is consistent 
with the TCE retardation factor of 2.2 calculated by Mehran et al. (1987) and within the range 
cited by Wilson et al. (1981) of 1.5 to 2.0. Other parameters such as longitudinal, transverse, and 
vertical dispersivity were adopted from the previous modeling effort. 

The biodegradation rate constant (k) was considered to be the most uncertain variable that 
controlled the plume configuration and, therefore, it was the parameter that was adjusted for 
calibration. The k value was obtained from the resultant of natural log of 2 divided by a half-life 
of the TCE. A half-life of 875 days (k = 0.00079/day) resulted in a simulated plume that was 
most similar to the total chlorinated ethene plume prior to the Removal Action (Figure 1-1, 
Parson ES, 1996). A k value of 0.00079/day is consistent with the range of values cited in 
Anerobic Biodegradation of Organic Chemicals in Groundwater: A Summary of Field and 
Laboratory Studies (API 1997). This report cites a lower limit equal to 0.00014/day (half-life of 
4950 days), which is the lowest measured field value, to 0.0025/day (half life of 277 days), which 
is the mean value for the field/in situ microcosm data set cited in the report. 

Transport Modeling Results 

Evaluation of Treatment Wall Designs 

Four separate solute transport models were established using the initial calibrated solute transport 
model as a framework for each reactive wall scenario (Figure 2). The model scenarios used 
initial total chlorinated ethene (as TCE) plume concentrations that were based on October 1999 
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chemical sampling results. Total chlorinated ethenes were calculated by adding the molar 
concentrations of the individual chlorinated ethene compounds (PCE, TCE, 1,2-DCE, and VC), 
and converting the total molar concentration back to a weight concentration (equivalent to TCE). 
Then, the initial plume concentration array for the model scenarios were generated in SURFER 
using the converted chemical data and a krigging method with an exponential variogram model. 

The chemical reaction parameters defined for the model were based on site-specific data, bench
scale testing, and literature. The half life (and k) in the aquifer was previously established during 
model calibration, however, a different half-life was used in the cells that simulated the reactive 
walls. In the walls, a half-life of 6 hours (0.25 days) was used, which is an empirical value for 
zero-valent iron based on several years of bench-scale, chemical column testing by EnviroMetal 
Technologies, Inc. (March 20, 2000). 

While advective transport, retardation and biodegradation of chemicals are all considered in the 
solute transport model, 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, 1,2-DCE, 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. To approximate the effects of the matrix-controlled diffusion on clean-up 
times in the simulations, the Kd of the aquifer matrix was adjuste4.up by two times the value that 
was used to calibrate the transport model in a zone that extended from the existing wall to just 
beyond the eastern plume boundary. This adjustment that was based on TCE adsorption and 
desorption studies cited by Olsen and Davis, 1990. During the simulation, the result was an 
increase in the mass of chemical solute adsorbed to the solid phase relative to the mass of solute 
in the liquid phase in the aquifer. This, in effect, accounted for the additional flushing of pore 
water that would ultimately be needed to remove the dissolved chemicals sorbed to the solid 
phase. Analytical data collected during the treatability study of the existing iron wall provides 
further support for the importance of chemical diffusion from the till matrix when assessing 
clean-up times at the Ash Landfill site. 

The table below presents generalized descriptive results from the modeling that can be used to 
compare the relative effectiveness of the four treatment wall scenarios (Attachment A). 

Scenario Approximate Comments 
Total Length of 
Reaction Walls 

(feet) 
The two cut-off walls effectively divided the plume in half and the 
plume had to move a relatively large distance to be treated by the walls. 

I 1;400 This configuration was not as effective as other scenarios (2 and 3) in 
reducing, in a timely manner, the zone of elevated concentrations 
downgradient of the southern portion of the Ash Landfill. 

The three cut-off walls segmented the plume and minimized the travel 
distances needed before treatment in the walls. The walls were effective 

2 2,000 in reducing the large plume to relatively small impact areas. The wall 
immediately east of North South Baseline Road was effective in cutting 
off the plume to allow the portion of the plume at the depot boundary to 
be treated in a relatively short period of time. 
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The "V" wall was effective in cutting off the high concentration portion 
of the plume, however, the wall parallel to groundwater flow did little to 

3 1,900 treat the plume. The drawback to this configuration is that the plume 
immediately beyond the "V" had to move the entire distance to the 
existing wall before being treated. This resulted ill a relatively long 
treatment time for most of the plume. 

The parallel walls isolated the plume into zones and treat plume on the 
edges of these zones in the immediate vicinity of the wall, but they did 

4 2,700 not significantly induce groundwater to flow toward them. Ultimately, 
the cut-off wall at the downgradient end of the parallel walls performed 
most of the treatment. This scenario required the plume to move a 
relatively large distance before being treated. 

Note: 
* This range of years was based on visual observation of plume maps with a 5-year time series cycle. 

Based on the results of the simulations using the four continuous reactive wall scenarios, the 
following general observations were made: 

1. All four reactive wall scenarios were effective in capturing and treating the on-site plume. 

2. The continuous reactive walls do not significantly affect the hydraulic heads around them 
and, therefore, the wall systems rely on natural gradients to move the plume toward them. 

3. In general, cut-off walls installed perpendicular to the plume movement perform better than 
walls installed parallel to the long axis of the plume. The parallel walls do not significantly 
induce groundwater (and the plume) to flow toward them and, thus, treatment times for 
parallel walls are relative long, unless a perpendicular wall is also installed to directly 
intercept the plume. The regional westerly direction of groundwater flow dominates over any 
local hydraulic influence from these parallel walls. 

4. Configurations with a reactive iron wall installed immediately east of North-South Baseline 
Road (Scenarios 2 and 4) were effective in cutting off the movement of upgradient portion of 
the plume. This resulted in a reduction in the plume concentrations at the depot boundary 
within a relatively qui.ck time frame compared to the other scenarios. 

While it is clear that, at the Ash Landfill site, cut-off walls perform better than "V" wall or walls 
installed parallel to the flow of the plume, the last factor to consider in estimating the clean-up 
time for the site is the effect that chemical reactions in the wall have on "natural "degradation 
rates in the aquifer. Specifically, the effects of increased delivery of dissolved hydrogen to the 
aquifer system from the reactions in the wall. Chemical data from wells downgradient of the 
existing iron wall indicate that dissolved hydrogen concentrations range from 0.026 µg/L (12.9 
nM/L) to >0.101 µg/L (>50 nM/L). The increase in hydrogen generated by the wall would 
undoubtedly influence microbial populations as the iron-treated water moves into the 
downgradient aquifer (ETI, May 2000). This would, in effect, increase the rate of biodegradation 
in the aquifer by stimulating the microbes. The hydrogen is rapidly used as an electron donor by 
naturally-occurring bacteria to achieve reductive dechlorination of chlorinated ehenes in the 
subsurface. 

The effect of hydrogen addition from reactive iron walls has not been widely studied due to the 
fact that in-situ reactive iron walls are a relative new and innovative technology and the long-term 
field data are not available to date. However, it is widely accepted that hydrogen (an electron 
donor) is a key factor governing dechlorination. Recently published laboratory results of long 
term column studies at(> 1 year) at Rice University indicate the potential for stimulating and 
sustaining dechlorination activity through direct hydrogen addition (Fisher et. al, undated). 

I IBOSFS02\PROJ ECTS\PJT\Projects\SEN ECA \ASHM OD EL \Gw _ model\crw _ rptlcrwd _rpt.doc Page 5 of9 



Technical Memorandum - Modeling 
Ash Landfill Remedial Design 

Seneca Army Depot Activity 
June 2000 

To estimate effect that hydrogen would have on the half-life of TCE in the aquifer at the Ash 
Landfill, we examined the rate of decay for TCE in a commingled, dissolved plume containing 
TCE and BTEX at a site at the Plattsburgh Airforce Base in Plattsburgh, New York (Wiedemeier, 
et al., 1996). At this site, reductive dechlorination supported by fuel hydrocarbons (BTEX) is 
described as one of the chemical environments in the dissolved plume that results in increased 
hydrogen in the aquifer, among other geochemical changes. Hydrogen concentrations of up to 
0.023 µg/L (11.3 nM) were measured in this portion of the plume at Plattsburgh. In this area of 
the plume, the first-order biodegradation rate constant for TCE ranged from 0.0033/day to 
0.0010/day, which corresponds to half lives of 210 days and 630 days, respectively. The 
biodegradation rate for DCE was also within this range. These rates reflect the increased 
degradation due to the presence of BTEX as a primary substrate and the resulting addition of 
hydrogen to the aquifer system. Similarly, at the Ash Landfill, hydrogen is produced during the 
iron corrosion reaction by water in the wall and it is released to downgradient portions of the 
aquifer. While the methods by which dissolved hydrogen is produced in the Plattsburgh and Ash 
Landfill systems are different, the net effect is an increase in availability of hydrogen to be used 
by the microbial population in the reductive dechlorination of TCE. 

Dissolved hydrogen concentrations above 0.010 µg/L (5 nM/L) indicate that the dominant 
terminal electron-accepting process in the aquifer system is methanogenesis Wiedemeier (1996). 
At the Ash Landfill the dissolved hydrogen concentrations downgradient of the existing 
permeable reactive iron wall are between 0.026 µg/L (12.9 nM/L) and >0.101 µg/L (>50 nM/L), 
which provides support for the predominance of methanogenesis as the dominant electron
accepting process. The presence of increased methane concentrations downgradient of the wall 
at the Ash Landfill also indicates that methanogenesis is an active process at the site. 

Based on the available groundwater chemical data, it is important that the estimate of clean-up 
time at the Ash Landfill consider the potential benefits of long-term hydrogen addition from the 
reactive walls. Therefore, the final model scenario combined the Scenario 2 wall configuration, 
which had the best overall performance, with an estimate of the effect of hydrogen addition to the 
zones between the reactive walls. This scenario also included the effect of adding carbon in areas 
upgradient of the easternmost wall, near the former source area at the Ash Landfill, which when 
degraded by microbes would produce hydrogen. The effect of the increase hydrogen in the 
aquifer was simulated in the model by setting the half-life for the biodegradation term to 437 days 
(0.0015/day), which is one-half of the value established under "natural" dechlorination conditions 
(877 days) at the site. The estimate of 437 days is consistent with the range of first-order 
biodegredation rates established at the commingled TCE and BTEX plume in Plattsburgh noted 
in the discussion above. 

The results of the model simulation using the Scenario 2 wall configuration (three cut-off 
trenches) and the effects of both matrix-controlled diffusion and hydrogen addition (i.e., zones of 
increase dechlorination) indicated that that the plume of total chlorinated ethenes would be 
remediated in about 15 years (Figure 3). 

Impact on Farm House Wells 

To evaluate the potential for the plume to impact the wells at the downgradient Farm House, the 
solute transport model simulation evaluated the movement of the portion of the plume beyond the 
existing trench using the Scenario 2 wall configuration described above. It is important to note 
that down gradient of the existing trench the simulation used the same Kd value that was used to 
calibrate the transport model, since the intent was to determine the forward movement of the 
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plume and not the effects of long term, matrix-controlled diffusion on clean-up time. The initial 
plume concentrations were, again, based on October 1999 results that were converted to TCE 
equivalents. During this simulation, two downgradient monitoring points were established in the 
model to record the changes in concentration over time. Monitoring Point 1 was located at the 
mid-point between the Farm House and the Depot boundary, and Monitoring Point 2 was located 
at the Farm House (Figure 4). 

The results of the simulation showed that a slug of the plume would continue to move beyond the 
existing reactive iron wall, however, the concentrations within the slug were degraded as they 
moved farther downgradient of the existing wall. The simulation predicted that a maximum 
concentration of approximately 0.2 µg/L (total chlorinated ethenes) would reach Monitoring 
Point 1 in approximately 25 years. At the Farm House, the results indicated that the maximum 
concentration would be approximately two orders of magnitude less than this (~0.008 µg/L) in 
about 40 years (Figure 5). The plume of total chlorinated ethenes is expected to move in the 
till/weathered shale aquifer at about one half the average pore-water velocity based on a 
retardation factor of 1.9, which was established earlier. 
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TABLE 1 
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ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 
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NUMBER NUMBER 
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STD. DETECTS 
0 0 
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2 3 
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2:od-00 .. :!:aoe::j . • ~~~t- -= ~ ~ .-~~•f ·-~ 
NUMBER /ASH REMEDIAL DES ASH REMEDIAL DES ASH RE~~_DIAL_ DES AS~ R_EMED_ll>.~_DES ASH_REMEDI.I\L DES 

ANA~~s~!tN 1~~-==- N __ - 1:u-= _ ~- -~~;~-~- N 1:,:;=· F--~~~t[ _ -~ 

:P · ·1:1" ,: ~ ,: ~ :: ~ Iii~~ 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 

2

~:; ~ ~~ ~ _ 1i ~- _ --~;; ~J___ _ ~_ifu -= 
1.9 U 1.9 U 1.9 U 3.7 UJ 1.9 U 

43.8 J 67.9 J 46.8 J 42.6 J- - .. 4S:4 J - -
0:2 u 0.2 u 9:~ lJ_ -= 0.2 LJ.J_ _ + _: .Q-~[lJ -_-

"'~:" J~" "~ "-- ,,i.; ~, f ~l"--

iH .. JU ·.
1
·~•··.~1~.~.· .. • ... ji~_1_._--~---~_j~~ 

28.8 J - .. ,,, ' 442'"J 109 14.7 UJ ("<>·:,,.1490, 

1 U _ __!]U =- -=- _- 1- jj - - _ 1.2 UJ _- r=.-::__ ifu-=: 

]~- -- -<El~ Lir L]:t t,r'it~ 
.:~ ~ - -Ji~ "r: ~ ,~~ ~, L;.rlil.~ 

-----i:~ ~ ---1 · ---Hf.B ~:~ ~ ;:~
1 
~~ -=-{~~- 1il~~-=-

2.1 J __ 2.5J 3J __ 2J I __ 5.1fJ 
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FACILITY 
LOCATION ID 
MATRIX 
SAMPLE ID 
DEPTH TO TOP OF SAMPLE 
DEPTH TO BOTTOM OF SAMPLE 
-·~ ----- ·-
SAMPLE DATE 
QC CODE
STUDYID. 

SAMPLE ROUND 
PARAMETER 
VOLATILE OR.GANICS 
·--·----·· -·····---

UNIT 

TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

FREQUENCY! NYSDEC INUMBERI NUMBER 
OF 

NUMBER 
OF 

ASH LANDFILL 
MW-33 

- - ·-
GROUND WATER 

ARD2020 - r 
9.79 
9.79 

SA 12-0~~~ -_-_-

ASH REMEDIAL DESIGN 

OF j CLASS GA I ABOVE 
MAXIMUMJ DETECTION STD. STD. DETECTS I ANALYSES IN 

1., 1,_1 ~.:i:n.i:.hloro~tllane. _-----+== 
1, 1,2,2-Tetrachloroethane -
1 :fz~Trichlorciethane - -· i-j----- t-_--i~I 5 0 

5 0 
0 

0 
0 

~ 

~ 

~ 

~ 

55 
~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 
·ss 

10 U 
10 U 
10 U 
10,LJ 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 

1, 1-Dichloroethane 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,2-Dichloroethene (total) 
1.:2~bict1iorc,eroparie 
Acetone 
Benzene 
Bromodichloromethane ------ -- --
Bromoform 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
Chloroform 
Cis-1,3-Dichloropropene 

UG/L 
UG/L 
uc;iL 
uGiL- -
UG/L 
UG/L 
i.TGiL -

UGIL 
UG/L 
uGiL 
uGIC 

'ui3ii.-
uGiL 
uGiL 
UG/L 
UG/L __ _ 

~!~0i~1~ae -IQ-it 
Methyl butyl ketone -- UG/L 
Methyl chioride - -- UG/L 

Methyl ethyl ketone UG/L 
Methyl isobutyl ketone UG/L 
Methylene chloride UG/L 

9 2% 
0 0% 

-··---
4 4% 

1100 27% 
0 0% 
2 4% 
0 Oo/,I 
0 0% 

-~t· --- ~~ 
()_/ --- 0% 
0 0% 
0 0% 
0 0% 

74 2% 
0 0% 
0 0% 
0 0% 
0 0% 

0% 
0% 
0% 
0% 

Styrene - - ________ UG/L ____ _ 0 --------- arc,,._ 

5 
5 
5 
5 
5 

0.7 

5 
5 

5 
7 
5 
5 

5 

50 

1 
0 
0 

14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

~1 

1 
0 
2 

15 
0 
2 
0 
0 

-· 01. 
0 
0 
0 
0 
0 
1 
0 
0 
0 

0 
0 

-_:or __(), 

SI --~---~ _- -- - bi-

~ 

~ 

~ 

~ 

~ 

1o u 
10 u- -
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 

---·· ·------
10 U 
10 U 
10 U 
10 U 
10 U 

ASH LANDFILL ASH LANDFiij __ . ASH LAN 
-•r0\I\/:~ _1__-___ ~=--'----+--- l'Jl!>':3~. 

GROUND WATER GROU GROUND 

+A~D2~Yit=:~-:~- ~RJ)~ --~~ i-~- -A~D2~fa 

12-oct-99 L 20-oct-99 

-+§~_ -- J_ ___ ----'-----'----+----'-- - --- SA_ __ _ 
ASH REMEDIAL DES H REMEDIAL DES ASH REM 

N l __ --_-_ -_ N-~--~-~ --=~- -=- ~~- 1 i _ -IN 
1 

1:~ ~~ =~-:: ~ --l--:!~- -, : i! 
10IU 
10/U 

10JL1 
1olu 

~IU 
10ru 

10[ u ----T- - -10 u - __ 1_(lll!. 
10JU __ _ 
10IU 

10iU 10 U 
10 U 
10 U 
10 U 

10 U 1~U 

___ IcilQ:_=-:_ ~~- = 16[~J-_ 
101u 
10 U 
10 U 
10 U 11- 1- 10 u _ __1_Cl[LI ~,t . -~ -tg- -- ~11= 

~~ ___ J__ i!~ -~~li~ 
10 U 10 U 10 U 
-·-· ·-·------ ---
10 U 10 UJ 10 UJ 
10 U 10 UJ 10 UJ 

~~,~-- 10 u ___ 10 \L _ 

10 
10 
10 
10 
10 
10 
10 
16 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Tetrachloroethene UG/L ---i= ___ D t---_ 0% 
Toluene UG/L O 0% 
TotaJXylenes UG/L_ _ -- -· 0 0% I i -U 

li-----~I , - -J- il~-
~ 

~ 

~ 
--------~~ -=1 -•~ru i ----10IU 

~ m~ _J_ -~~~ 
10 U 

16 
10 
10 
10 
fo 
10 
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

j 

~~,:m ·t_· · · ~::_1 ~?~-rit~~ ~l_:_Ai_ii 
!iJJrr~-~£f'"-~ •. ·. -- ... . . -. - - SA ,,~HJ_~ .. ~ JJ.!t---. -~ ~-~ ~P~~- -~ij 
::' ~~~OROONO . -- _ --· __ F-~~tFENCY c~i~EJA Nis~~~t. NU~~E~ NU~:~: ASH REM~DIA;]DESIGN AS-H REM1E~P~-A~ D~~ ~:~:=}E[)IA~ D~~ ~~~~EtO"" oss~a "": 
J:.ARAMETER - UNIT MAXIMUM DETECil()f\J - STD. - -SJD. - DETECTS ANALYSES N - - - - - N - -- --- N - N -- - - -h 
fi!~;r;~o~o~~~~~e ~~-=- 9~~~ 2m -r Ji) 1

~ ;; -~-~~~~ I~~-- ___ ::----~~~ ---~~~-~-~ ~r:~~:~}~ 
METALS 
Aluminum 
Antirn_ony 
Arsenic 
sanurri 
Ei~ry11~rri 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
~yanicte 
Iron 
Lead 
M.agnesium 
Ma_nga_nese 
rv1ercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 

jj- .... 1 ...... ~~ 
UG/L 0.6u~ 10% 

~:---- . . 26800~-: - - -- - -9~~ 

_ :1~!~~-~-~- -~-~HL_= :~~ 
11606t- - - 6j~ UG/L UGIL __ _ 

ui3n.. 
UG/L 
uc;ii. 
ui311.. 

'iJe,1i..: 
lJGti. 
UG/L--

UG/L 
UG/L 
UG/L 

5.4 
47100 

3140 
0.2 
5.6 

18400 
2.6 

0 
142000 

10.8 

10% 
98% 
83% 
12% 
12% 
98% 
2% 
0% 

98% 
19% 

~~~adium ___ -----+~: 
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2s· 
1000 

10 

50 

200 
100 
300 

25 

300 
2 

10 
50 

20000 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

14 
0 
0 
7 
o 
0 
0 
0 
0 

27 
0 
0 
0 

34 
1 

12 
51 
5 
0 

51 
8 
2 
5 
0 

35 
5 

51 
43 

6 

6 
51 

52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 

u~ i~ 
3 

42i 
52 

s2i 

89"3/J_ 
2.7 U 
1.9 U 

36.1 IJ 
0.2IU 

ios~_-:i_l ~l olu 
:--_-2J~ 

1.~10 
81.7IJ 

1IU 
11200 

6.3 J 
0.1 U 
1.7 U 

1710 J 
2.4 U 
1.6 U 

16000 
2.7 U 
1.5 U 
1.6 U 

82 J 
2.7 U 
1.9 U 

82.6 J 
0.2 U 
0.3 U 

102IJ 
021u 

~-3w_ 
2.7 U 

~-2.2:i 
ssAIJ 

24 
2.7 
3.2 

66.9 
' . 0.2 

·- 4990~-- _ -+-----+---

0.2IU 

-2:.~IU 
114000 

~--~!t~· 
0.3 

108000 
0.93 

2.5 
1.7 

-Q-Jl0- -
--~1---~-·-----+------t--
1.7IU 1.7IU 

-~_j_U __ SIU 
25.4IU 

5 
25.4 142 

___ _1_JU 
11200 

5~:!~ll u 1.7 U 
24_50 j 

2.4 U 
1.6IU 

. '63)00 

Iiu 1.5 U 
2.5 J 

1IU · r "r-- -_,;1, I ';1 
~t ~-- --"" tj 

_;<.::t:~~:__ ___ ~ti1cf:''~~ _______ t.;<· < 32~ 
2.9 U 2.9 
1.5 U 1.5 

3.7!J --=.:..-:J - 4.2 
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FACILiTY 
L()CA'flON ID 
MATRIX - -

SAMPLE ID .. · L~ 
DEPTH TO TOP OF SAMPLE 
ifEPTH TO BOTTOM OF SAMPLE 
sA_M_P!~],o;rf J.:::~ _:_- ~ 

TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITO8.ING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

-j - -_, - ,__ --
ASH LANDFILL ASH LANDFILL ASH LANDFILL ~SH LANDFILL 
MW-37 L --- MV\L38-D L_:~-- MW-39 - ] MW::~~ 

ATER 1~:grg~~tATE~--- ~_~_i __ t□r:,~~~~-~=~ l@°f□~i\Y~T~B__ ;J~~o§1}~~-~--f_~-
11f 20 9.5 -----'- 121 

11-o~iit~ :·:_11~o_ct-:~ __ :-~-=-.09-~~ - ----+---~~O~-~[~~---~ 
SA L SA SA SA l 

FILL 

QC CODE t STUDYID - -
SAMi=iE RCJUNo -- -

PARAMETER ---- -- - - __ -__ UNIT 
-------------1 F:E~FENCYj cr:~i~Aj Ntsii~R 
MAXIMUM DETECTION STD. STD_ 

NUMBER I NUMBER 
- OF - OF 

DETECTS ANALYSES 

DIAL DESfASH REMEDIAL DES ASHREMEDIALDES ASH REMEDIA~ DESjASH REMEDIAL!?ESIGN 

1+ ~ 1 1t - N _ f_ - N __ - --- -~-~ ~ - :~ -~ ~-~------ _ -~ __ VOLATILE ORGANICS d--- ---
1,1,1-Trichloroethane UG/L 
1, 1,2,2-Tetrachloroeth~ne UG/L 

~ '.~~:~::~he::ne _-- -~:- ~ 
1, 1-Dichloroethene _ _ ___ I UG/L 

~_t%_:~~-~~~=!~:_ ~=(total)--~~¾-_'~--
1,2-Dichloropropane UG/L 
Acetone - - - - - L.iGii.- ---
Benzene · UG/L --

Bromodichloromethane I UG/L 
Bromoform 
Carbon disulfide 

UG/L 
iJGIL 

0 
0 
9 
0 
4 

1100 
0 
2 
0 
0 
0 
0 

Carbon tetrachloride UG/L 0 
Chlorobenzene ui3ii:. -- -□ 
Chlorod-ibromome!hane UG/L 0 
Chloroethane -- LJG/L - - - O 
Chloroform- UG/L 7 4 
cfs-1.3-□iciiicirciiimpene -- - uGiL - -o 
Ethyl benzene - - - - UG/L 0 

2% 
0% 
oo;, 
2% 
0% 
4% 

- 27°/o 
. 63/o. 
4% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
2% 
0% 
0% 
0% Methyl bromide UG/L o 

Mett1yiiluiy11<eia,,e- - - uGiC or-- 0% 

5 
5 

.-- • ~ .- ·--

5 
5 
5 
5 
5 

0.7 

5 
5 

5 
7 
5 
5 

~;=~~t. j ___ ;1 ___ 5 

Tetrachloroethene UG/L O 0%7 5 

- 0% 

0% 
5 

50 

Toluene ______ UG/L O 0% ---- 5 
Total Xylenes UG/L T O 0% ---sl 
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0 
0 () 

0 0 
1 1 
0 0 
0 2 

14 15 
0 6 
0 2 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 

;i; . -i!1! . . j ! ~ ~j ~ Jtt~• 
55rL 10~U 10 U 10 U 10Iu 
55 u 10 u 1DIU 
ssu fou 1DIU 
55 U 10 U 
55 u -10 iJ 
55 UJ 10 U 
55U 10U 
55 U 10 U 
55 U 10 U i 

mill_ 
wTu 
10IU 
1DIU 

!QjlJ_ 
10 U 
10IU 

i~ 
10IU 

;; ~ 1~ ~ -~ :~-! r- t=-==!li~~-~ - ; ~ 
55 u_ _ _ 19 u 10 u ________ 1_Q_*__ _ 10 u 
55 U 10 U 10 U 10 U 10 U 
55 u 10 u -1□ u - 10 Li - 10 u 

~1 ~ __ --rn L- -: 10 u - - 1ijtF_~~---: ~~- - ~6 ~ 
0 0 ~~ ~J 1 - -~ib --- -- -~ ~ ---~{l i- ~6 ~ _-
1

}-__ _Jt-_ - :!H~ ~- -If~~~~:) -~if~~~-~ _ ~~ ~ _____ -~ii~----
--~-- ---~:~-f- -_ ! t~::..: l!,-- --~ ~----- -- !~ ~ -- ~~~--Ii 
-- 6:------1t-=~--::_~~= ;6 ~ 10 u ~6 ~ -~~-~~= 
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FACILITY --·-- ·-------
LOCATION ID 
MATRIX 
SAMPLE ID 
DEPTH TO TOP OF SAMPLE 

~!:~~;~:T~TTOM OF lAMPLE --- . -· ~ · 
cicco6E ·--

TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

··-- ______ ___j_ ____ ----- 1--------L--..........--~--f-.-------··--·-
FILL f ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL 

ATER j~~~ND~AT~; ~=:LTER =~~NDWATER ~:C:~D:~~~ 
AR0201i -- - - AR0201s - - - ARD2007 ARD2008 -- ··r --- --

11 ------· ~~=:==20-- 9.5 --~-:=-=·:_i~-=-==--~ 
11 20 9.5 12 

11-0ct-99 11-0ct-99 09-0ct-99 09-0ct-99 

~~t:~~' ~;:~-· ~:~ ;;i;~¼l~, N115 ;1:, 
~~J~:~~ie_ ____ -- gttt----j_-- _9~~~ -- -- 2~d -- !1 - -- --1~ 1~ 

--------SA-=- ------__ :-SA---~ SA SA ______ L --- . 
NUMBER j DIAL DES ASH REMEDIAL DES ASH REMEDIAL DES ASH REMEDIAL DES ASH REMEDIAL DESIGN 

_ClF_ --! -- --- __ 1 - - __ -_ -~1! --- -----:;--·- ----- - --···11 ~=-==~ 
ANALYSES N N N N f 

- ?s 1-J -_ - __ -_::-J9 u~-= _ ,_-1.Q lJ_ 10 u 10u- :~ 
55 U 10 U 10 U 10 U 10 U 
ss·u--: -- _-1.QU ----t_ -~-=1_!l_LI____ 10u ___ 10n-_-=-~-~--= 

METALS 
Aluminum 

-· ·---- -·- --2600~- -
65% 

Antimony - --· --+--- 3 
Arsenic - /L 7 

2% 
23% 
98% 
10% ~!~j~-_ - --- ·7D~~ _____ . o~~:,_ 

Cadmium 
Calcium 
Chromium 
cotiait 
Copper 
i),inide -
Iron 
Lead 

J~~;~ I - ---9~ 
UG/L I 15% 
UG/L 8.4 4% 

--"uGIL -- -- 6.1 10% 

UG/L 0% 
. -UG/L -t------t 67% 

UG/L 10% 
Magnesium UG/L · 98% 
Manganese uGiL 3140 - 83% 
Mercury uGti:. 0.2 - 12% 

~=-m ~~ l~f>~::t 
~~~:ium ~;t _________ 2l-- --~' 

Sodium UG/L 142000 98% ---- ---------- ---- . - ---- I·· 
Thamum UG/L 10.8 19% 

,r.,_,,_,,ciium - ~=~~-=~-- luGtL___ ~ so/~ 
Zinc _ UG/L 1341 81%1 
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25 
1000 

10 

50 

200 
100 
300 
25 

300 
2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14 
0 
0 
7 
0 
0 

34 

'.It 
8 
2 
5 
0 

35 
5 

51 
43 
6 
6 

- - l --- -- -- -::-_! -- -- --l----+----1- - -- --

~¾lo I --~ =~ 6_ =:-==-t-~ _ ~::: ~-- __ ':: ~ _ _ ':; ~ _ 
sH t -- j= --~~ t- 3~:~ t==i=::_-- :}t.i t= 

- - - o.7 u --- - - -- o.7 u · 7 · - - · o.7u ~f 
~[ 

0.7IU 
97600 

0._9w1 
2.5 U 
1.9 U 
slu 

_sHM-- -

--+-----+--9_23_0__,0 ----l-- 99200 

-'"~ -- :g . - ~11 -
1721 14.7 U 14.7IU 

91200 

52 13400 
52 
52 UJ 
52 u 

ijt& 2.sn; 
-~- __ Clj_ _ 511 52IJ 1120IJ 
10 0 1 -so a· · ·o -

51 52 J 
52 iJ - s2 u 

,~~~-- t~,,ns-- l ,,~; 
7~~-=-. _ 2~H _:~- +- 1i2E 

1 .6 U 1.6 U 1.6 U 

'J=-l-~ l = i~ -• l 'Tir -
- 5580 8040 13600 

2.9 U 2.9 UJ Z:s uJ 
3.2IU 3.2IU 

18.SIJ 9.SIJ 
3.2 U 

5 J 
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REivlEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

FACILITY 
LOCATION 10 
MATRIX 
SAMPLE ID 

1 

DEPTH TO TOP OF SAMPLE 
DEPTH-TO BOTTOM OF SAMPLE 
SAMPLE DATE 
QC CODE __ _ 

ASH LANDFILL ASH LANDFILL ~ASHL.At-i5i=-,u. ASH LANDFlfL ASH LANDFI 

~~1Jio w)TER ~~~?~i? lATE~--= i~;~~l~E~-- - ~~~v\lATER - ~:~ND w 

32 38 7 12 7.8 32 - 38 - ---- - 7 12 ------ - -----7.8 

SA 08-Oct-ee tC>ci:es -=---- --~ ~1-oe1-ee i-oct-ee ·- · -- -- ;A 22-oct-=w 

STUDY ID-

SAMPLE ROUND 
PARAMETER -
VOLATILE ORGANICS 

UNIT 

----- - - VRE~FENCY 

MAXIMU~ DETECTION 

ARD2001 _ ~- _ AR_D20~~-- ____ jA_~[)_2_0_49 ___ ARD2050 ______ ~~2_054 

cTI:i~~AI NiB~~~ r NU~~ER r-Nu~:ER ]ASH REME~IAL-DESIG ASH RE~EDIAL DES ASH RE~ED_J_AL_DES AS!-f__BE:~EDIAL--DES ASH RE:MEDf 

STD STD_ 1 DETECTS r ANALYSES N - - - I N - I- N ---- --- - N--~--- N 

1,1,1-Trichloroethane UG/L -- --- -n-- 2% 
1,1,2,2-Tetrachloroethane UG/L ~ 0% 
H,2-Trichloroethane UG/L 1--- -- 0% 
1, 1-Dichloroeihane UG/L - -9 - -- 2% 

1,!:_~chJ~.9~thene UG/L _____ 0 __ _ 0~) 
1,2-Dichloroethane UG/L t= 4% 
i,2-Dichloroethene(total) UG/L _______ 110~ 27% 

0 0% 1,2-Dichloropropane UG/L 
Acetone -- UG/L - 2~- 4% 

5 --5-

5 
-5 
-ir 
5 
5 

Benzene UG/L O -- 0% 0.7 

0 
0 
0 

0 
0 

14 
0 
0 
0 

0 
0 
1 
0 
2 

15 
0 
2 
0 
0 

55 
55 
55 
55 
55 

Jif-- -
55 
55 
55 

10U ~--- 10 mt-~~ --- -+- 101u ---l----'-=-f-'-----+-----+-----! 
_____ 10 ~----- __ _:1_CJ_ u__ ± 55IU____ __ _ 10 

~~ ~~--- -1 -- :~_ ~---- - ~~ ~ ---~ .0':_•t_,-.;:""""".;.,_':1·•.'.··~-':~ .•. ~---- . -------~~ i~ ~~ ~j - T~ r---- --1 ~ --3~:~ra~~~- ------ ~~ 
i~ ~~ --1- - --!~ ~J~ -= - ~HJ -~r~=-1mJ-~~-~ -~:-=~ 

10 Bromodichloromethane UG/L - .. ·- -- -- - a --. - --Oo/~ i-·- - ( 
·-----''·- -- - -------·-- --··------------ - - - --·+· --/- -·-·-t--·------------

10]UJ 
101ffJ 

101u 55IU 
101u 55IU 10 Bromoforrn UG/L O 0% < 

----------~·--·-------·----------------·---- - --·l- -----+- -·-+ ------- ---+-----· ---+--
Carbon disulfide UG/L O 0% ( 

0 
0 

55 
55 - 55fu -----r- ---·-10 10IU 10jUJ 

101uJ ~~i§"~"letraitilorid~------~/L-_-::--_-:-=:-§___--_-_-_--_:_CJ_~-- 5_ -- □ _o 55 -10UJ )0lJ ______ :1..Cl__l,! ____ L _ _____!S~lJ _____ !_CJ_ 

g;::=n:leihane--_ ~!-~=~ =~-=j-=:-::_=-_ji_ _-: - 1- ! i~ ~g ft-- :1[[~-- -_-_-_:~Jih-:_-==1l~-------- --1~ 
Chloroform UG/L 74 2% 7 1 1 55 10 UJ 10 U 10 U 55 U 10 
-------·--- ·-------· ----··------ --·-··--·-·--~--- - - . - ·-·-- -- ---- --------------+-----!-- -------
Cis-1,3-Dichloropropene UG/L 0 0% 5 0 0 55 1 0 UJ 10 U 10 U 55 U 1 0 
-~----- --------- - -··---······-·------··--------------·· -·--------- ---+------·-···----- ----- ------
Ethyl benzene UG/L 0 0% 5 0 0 55 10 UJ 10 U 10 U 55 U 10 
- ------------· -·-·------- --- - -·-·- -- -- --· ··--- --- --·-- :---------------- - ---·-- ---- ---- - --·-
Methyl bromide UG/L O 0% 0 0 55 10 UJ 10 U 10 U 55 U 10 

!!!~~·~t~~1~~~ ~~ ..... ': ·=· ! .. ~J.~.··~· ~•·lrn~~~·Jl~~·1r~·· ilfl~A 
Tetrachloroethene UG/L 0 0% 5 0 0 55 10 UJ 10 U 10 U 55 U 10 
Toh.1ene- -------- UG/L O 0% 5 0,----·-o -·- -- 55 10 UJ 10 U 10 U 55 U 10 
TotalXylenes____ UG/L O ___ 0'1/, ------51- 0 ·-o - 55 10 UJ 10 U 10 U 55 U 1----·-----:io 
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

I 

• • - C • • • l: .:_:._1__:= ---~l f FACILITY ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFI 

ii;~;.~~t~ r ~!~;~~ ~lt~--~~~r=~ ~~A~R~ ~~~ 
PARAMETER UNIT MAXIMUM DETECTION STD. STD. DETECTS ANALYSES N N N N N 
- -- ------ -· ·- --- - ---- . ----- i O O 55 - . i □- UJ .. -- -- -10 U ---- ---- 10 U 551 U - ---- 10 

51 
1 o 15 55 10 uJ · - - i a ru -· .:::.J 10 I u f,:,1m:11£l:\~'26\J 1 1 o 
2 3 55 10 uJ --1ofiT--1 10 u !i!rl'J.ttsor---r-- ---10 

5\ 
21 METALS - _______ , __ ···------ ~--- ---· 

Aluminum 

flnt~r,:iony 
Arsenic 
Barium 
Beryllium 
Cad111ium 
Calcium 
Chromium 
Cobalt 

UG/L 
UG/L 

.

~-~~-L -.1- -- -17~ 
UG/L 0.66 
iJGtL -- - - -- --6 
UG/L 268000 

65% 
2% 

23% 
98% 
10% 

0% 
98% --·~!;~ - 1----:::F _____ -1f~ 

·2s 
1000 

10 

50 

---!--

- -~+ 
Cyanide UG/L QI 0%1 1001 

0 
0 
0 
0 
0 
0 
0 
0 
0,-

0 
0 

14 
0 
) 

ir~= - -_- uc;,c --~-- _:=__1!§_()0 _ _ _ s:1%I 300I 

~1~sium_ ~:~ -:_ --4lof ----- - -;~~1 
25

1 1 

7 

34 
1 

12 
--5-i 

5 
0 

51 
8 
2 

0 

fCJPper _ luq1_1:-__ --1-----6,1J ___ _!0_%1 2001 

illl~~g.:inese lJ_Gfl, ___ J ___ 3!i~f- _ 8~o/ol 3001 

~l~~1?_ - - - ~~~--- -! ~-~---I~-~ -··- -~~~ 2l ol 6 

::~~;m~- -~~=-~ ~~~-:~:--==~~I~t--.::_-J~ _ i□ _ -; _ 5; 

~. :.-Jr· ':i~~~i~~3 ~f-d1 
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52 16.3 UJ 
52 4.9 UJ 
52 3.7 UJ 
52 66.3 J 
52 0.2 UJ 
52 0.7 UJ 
52 86700 J 
52 0.9 UJ 
52 2.5 UJ 
52 1.9 UJ 
52 5 UJ 
52 14.7 UJ 
52 1.2 UJ 
52 31100 J 
52 252 J 

14.~w 

1.9IU 

79-,1H~--0.2 U 
0.3 U 

62600 

~::!~----- -

_--] 

jiT__:-- _::_ : u· --1 
--~)r-~~- ~ ~-

58 6jJ -- 1 7 u- -· -

88 - - _ - __ r -- __ 1 u 

1·~/t----

52 -~,~ -
52 
52 
521 2.8 UJ 

2860;11" ~.:_:: .. . l :.,! f J 
- □-.1u · -- - J 43400 -1.7 u-- -- NW*Tzir 

____ ··w» _ _ mo". L _g_.1]D 
-,,ccm" "~",-- , ... - ~ru 
:.\~!~.L :. ']t:._] 

--- .. t-___ ---

-· --, -

14.7 
2.7 
1.9 

44.5 
0.2 
0.3 

100000 
0.9 
2.5 
1.7 

5 
25.4 

11000 
0.44 

0.1 
1:1 

1050 
2.4 
1.6 

7400 
2.9 
1.5 
3.3 
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FACILITY 
LOCATION ID 
MATRIX 
SAMPLE ID 

DEPTH rn TOP OF SAMPLE=-=-~ T_-- ~- ~-- 1:.__ ___ _ 
DEPTH TO BOTTOM OF SAMPLE 

TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

L 
~:J:NDFILi__ ~-4~~~1l,_L • ~~#~F[LL __ ·_ -~w4ttjFiLL 

ER GROUND WATER GROUND WATER GROUND WATER GROUND WATER 
ARD2_()D_9 ____ t _____ . ~~_D2032 --- ARD2012 ------ ARD2011T-. 

--- _1_0_~ --- 9.5 10 ---- __ _1~ _ 
10.5 9.5 10 26 

_ __ J □-O~-!l9 _ _ _ 1S::Q_C!:_~: ..=_ __ ,._!Q:Qct-99 [ 10:octJ!f-_ 
SA _____ J ___ ..... SA SA SA ~=- __ _ 111L:, t~,, -r~.1:jt NYSDEC j NUMBER 

CLASS GA ABOVE 
-·--· - - -----

STD. STD. 

NUMBER I NUMBER LDESIG ASH REMEDIAL DESIGN ASH REMEDIAL DES ASH REMEDIAL DES ASH REMEDIAL DES 

.--'I "--~~~c~.i-OF OF 
DETECTS I ANALYSES 

VOLATILE ORGANICS 

1,1,1-Trichloroethane ~Gil 1 2% 

~-1-,1,2,2-Tetrachloroe.th.ane:_·_ UG/·L_-_----- _____ O . ______ 0% 
1,1,2-Trichloroethane UG/L 0 0% 
1,1-Dichloroethane --UG/L - - --- -- ---9 -- - -· · 2% --
1,1-Dichloroethene UG/L t O 0% 
1,2-Dichloroethane UG/L 4 4% 

1,_2-D. ichloroe.the_ ne.(t.otal) 1UG/L 1100 27% 
1.,2-Dichloropropane tG/L 0 0% Acetone- - - - - uGiL - -- - 2 4% 
----- . -·· ·- ···-·- -·- ---- ---
Benzene UG/L O 0% 
Bromodichloromethane UG/L 0 0% 
Bromoform ________________ UG/L ___ ·_ ____ 0 ________ 0% 

~;i;~:1_£~~:ri~~- --=-1it j -~ -------~-~; 
Chlorodibromomethane UG/L O 0% 
ciiforoethane- - - uc;ii.. - o -- --a% 
ctiio-roionn - - - J~G/L 74 2% 

Cis-1,3-Dichloropropene JUG/L _ 0 _ 0% 
!ethyl be~zene, _ j_U~JL O 0% 
Methyl bromide UG/L 0 0% 
Methyl butylkeione UG/L - --- -- - 0 0% 

Methyl chloride . UG/L 0 0% 

i.,j~hylefuylketone- UG/L :=--=-=-!l .. :~---=]"~[ -
Methyl isobutyl ketone __ UG/L 0 0% 

Methyle_~e, £hlo__li~_e__ UG/L O __ _()~_ 
Styrene UG/L 0 0% 

5 
5 

5 
5 
5 
5 
5 

0.7 

5 
5 

5 
7 
5 
5 

5 
50 

5 

Tetrachloroethene UG/L O 0% _ _ ___ aj_ 
Toluene UG/L O 0% ~L 
Total Xylenes UG/L O 0% -=- - 5 I .. 
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o 11 55 U -- 10 u ____ C 10 u ___ 10 u 10 u 
0 o 55 U 10 U 10 U 10 U 10 U 
o o -55 u ··--10 u- -- 10 u 10 u ·------107u - -

1 1 55 U !0 U 10 U 10 U -- ~---= 
~,"~

1
"i -~jk~~j:L ~f_--_ 

10 u 10 u 10 u jfilu 

__ J0!':~ . -]I . ::; - if~~~ 
. 1: ~ . - ~ g :: ~ - - -l 
__ _1_0 u:.__- _ - -~ -10 u ---- 10 u ==-_ _____!!ll.Q _ 

10 U 10 U 10 U 10 U 

- --{~u- --- ~~- --- ---~~-- ---~~& 
=fg!u __ ---L __ lp u_ 10 ~-- ~ -- - 10 u 

__ !_01U__ _ j 10 U 1-- ___ !Qc!:'._____ 10 U 

-- --J-----

-- U_ _ ____ _1()_\,!_ ---~ 10U !Q_l:! 

0 0 55 U 
o 2 55 U 

14 15 
-
55 U 

o o 55 U 
o 2 55 UJ 
o 0 55 u 
0 o 55 U 
o o 55 U 
o 0 55 U 
0 0 55 U 
0 o 55 U 
o o 55 U 
o o 55 U 
1 1 55 U 
0 0 

HI~ 
0 o 
0 o 
o 0 
0 0 ffiU 10 UJ 10 U 10 U 

--* --- -i- -1~~tJ t -- ~~1~ - ~~ ~~ ~~ ~ ~tJ 
- --i~ =·-~--=-1==-=! ~ ~-- --- -_ -------~~ir-~ -- ~- -~~- ~~ ~ ---~~1r --
--□ -------gt __ ---55 u--- - - 10 u- --~- 10 U 10 U ·-f~ 

o ---fil_- 551u - - - - ·- 10 u 10 u 10 u 101u -
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

~ I I 

CAC,un' . . . L.:_ = ' ASH u,Oo,,,, -AS""'"°"' t~J~:=-=r~" CANJ,;u.-

i!ii:, ~~,F----~ ._ ER :;;~" =-~~iA,,R=i~~s~r 
Sf:'~=l'''- ,eEoue,cv ,v~DEC NuusER """. BER Nu_M,Ee ,oe£o ~"~::~~,GN ~::~'Ac0E'5::~,~oes~::L:~ 
SAMPLE ROUND +-----+- OF CLASS GA ABOVE OF OF 1 1 1 
PARAMETER-- ·----- UNIT-- MAXIMUM DETECTION ST□~- STD_ DETECTS ANALYSES ---·-·-·--+-- -N --- -· - N ~-----N- ---- ------
Trans-=-i,3-0ichloropropene UG/L O -- - -0% - 5 -0 - o - 55 U · ------- 10 U 10 U ·-- -1□ U---
Trichloroethene ______ UG!L---- ----sioci --27% s 10 15 55 Li Jf,:["?!i~!:,]~---- 10 u 10 u ---.r:i-~-
Vinylctiloride UG/L 180 5% 2 2 3 -- SSU 10U 10U 10U 

~:-~_--~ ~~~f ~.~--J~ ": !1 ~~ ;~r ~-Ii~=-~=it_L-]r-~= 
·!· rut; ft==:E ;, ~ 'l li~ t "'':1r {?it=~~ .. ':lit f)]lrt= 
L.i~_a:id·e· --- - ·- ---- -f i-_-. -_ ~~!_~~ =-~~ _:_ ~-E ~l ,: ~ ! ~~ r_T_-·:_"_:,:T~-~.11 __ .'6 -t-~~ 14

-~ i~-~=-~~= -~-3Jffi LifL- _-
fl,_lagm,sium UG/L_ _ _ _ ~710{+- _ __ _ _98% _ . 0 51 52 _ ~•w.%"'_

7
J,~~()()J t _1_2_0()0 __ _ ____ 12_5_Cl(J1 _ _ __ _ 232_()0 .. _ 

Manganese UG/L 31~ 83% 300 7 43 52 J " _:: <- ·" :570, 0.9 U 1.2 J 125 

Mer~!-lry - _-uGtL- ~=:_Ql-~- ~1t,;, 2 o 6 -~2u ·-t-- . ·o.1JiJ __ ·-1·-=-_f1D----=_:::-_CJ:1_Q=~-:~- -__ 0.1,u_ 
Nickel UG/L 5.6 12% 0 6 52 U 2_6 U 1.7 U 2_6 U 2_6 U 

tt" ~t =1~1 -i ~! ,{ · :L :~ = ---J~_ f ]I - -~r- -l!~ ··•··· =~a. -= '.U :ffi ~ ,,, 1 J~ -!~ !H f ll~ ~~ Tf1r~--~ 
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITOBING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

~~E,';N ,o [ . J I • ~;o,L ::;~o,;c, :;":L ~De~j ~ :;:::;:; 
~:::~=,~· L- -t. -·· . . ... . .. .... .. . . ...... ~~Jr"= ~~~~l~~g~I~~~~R=· ~f i 
;;~~JiQ~ND . ----- -- FRE~F~~CY c~~~EiA [ _N1s~~R NU~~ER NU~:E~ ASH REME1DIAL DESI ASH REME1DIAL DESI_ A'3H~EMEDl:L ~-~S~G-~:SH :~~~=l~L ~~l~N -· ("'l:i RE~ 

P_/\R/\1111_~E~------ __ u_N_rr: MAX1~u1VJ__D_1=1B~_T1o_N_ sTD. L sm __ DETEcTs ANALYsEs N N N __________ _ N _____ .. _ ____________ N 
v_Cl_½T!L!; ORGAN!~ __ ___ __ ___ ___ _ _ / _ _ ____ ->-- _______ -------+---- --+------> 
1,1,1-Trichloroethane UG/L 1 2% 5 0 1 55 10 U 10 U 10 U 10 U 10 
f:1.2.2-Tetrachloroethane -UG/L ____ -- ·- ----0 -- - 0% ·- -5 0 Cl 55 --10f--U--- -----10 U---- -- 10 U 10 U 10 
{i:Z-Trichloroethane ____ UG/L --------- □ ---- 0%-- 0 0 55 10 iT ---- ---WU ________ 10 u 10 u - 10 
i.i~Dichloroethane- UG/L -9 ----- --2°/; - 5 1 1 55 10 U .. -10 1U- -- - ·-· 10 U 10 U _ 10 

~:~~!:;1~;;;~:;Lotai-]~: .:_ ,,J ·,~ -i ,: ,: ii lE -u · :. . - i: ~ ~cc:~~~ - :; 

~~~~!ioroprop-a~--~=--B~~~~-=--=--~-:~--~~ 
5 

b ~ ~~l ~~~ ~~~J---~~~--==--~~-=--=-~~--:~ J~ 
B~_ll_Z~r:!~- __ ___ US,/L _ __ 0 0% 0-7 0 0 55 __ 1~ t,J 10 U _______ 10 U ~----- _!.Q_ 

ii1~r==I.·- ·-=i:..=:f , i ~ i ii =~ig==~.:: l!! ----jc------- lH ---11 
~~2lf · J~··-r i . L l ~· ili . ··;1~~~~-·~1~~~~~i-_·t'.l 
~;:~:nechlo.ride ~~;~ f -----~~ --------5 --- ~ --=--- -=~ ---:_-_ ~~ =-~~r~=-===·=----~~~ ~~~ . ·~~ -- _--~-=---~i 
Tetrachloroethene UG/L O 0% 5 ---o--- 0 ------55 --10U 10U 10U 10U -- ---10 
Toluene --· - UG/L O 0% 5 O - O - -- - 55 10 U 10 U 10 U 10 U - - ----10 
Total Xyienes UG/L O 0% 5 O ---=-_:_cij - --- 55 - ------ 1ciTu 10 U 10 U 10 U ----- _ 1 _____ 10 
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

=;~:~~~J --~ -••--· t :-= ---:1 ~l:~;~._. ~~:~~~D~f 'Ef~D:~ ~~ 
DEPTl-frOBOTTOM-OFSAMPL~ ----- ---- - - - -- J -- ------t---- ------50 ---\-----11.5 25 

6~~~-~----- -=~-~~~--- __ -~~--~: _ _ _ _ __ _ -~----- SA10-Cl~~i:- ____ ;t~~~t~~:=~~j9-0ct-99 - SA 22-0ci:gg ----~fact-99 
STUDY ID FREQUENCY NYSDEC NUMBER NUMBER NUMBER ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESIGN ASH REMEDIAL DESIGN ASH REM 
SAMPLEROUND ------- -- ---- ---OF- CLASSGA ABOVE OF OF 1 -- ---- 1 _________ T ____________ 1T- ------ 1 

PARAMETER UNIT MAXIMUM DETECTION -- -STD. - STD. DETECTS ANALYSES N -- --~- N N N 

T~ns-1,3-Dichloroero_e_e~ UG/L ---o -=--------~_--_0% ---~--~~-~ -- q - -- 6 - 55 10 u :-:---=::-_=i_o lJ ____ --+ ____ 1_0!-CU'~---+----~10+U--~ --- _J__Q 
Trichloroethene UG/L 9100 27% 5 10 15 55 10 U 10 U 10 U 2 J 10 
Vinylchloride 180 -5%-- - 2 2 -3···-·-··••-ss ____ 10U ----10U 10U 10U 10 
METALS_______ ---- - ----- ---- -------- ___ _ 

Alumin-um -- - · --_ · - 2600 --------65% -- o ?J4 52 22_7 J -- --- -:20.2 T ====:==-=---2-3-50-+----t----1-4-_3+u---+- 14_3 

Ant~ony ----==-.--:-_:--_ !:'_Gi_L_~ :~:--~=:~-====?~. ___ Cl 1 ~:J.L~--- 4.9UJ -=--=-}Ii[" ____ ____ '??.~--- 2.!!:!__ _____ -__?.:.?. 
Arsenic UG/L 7 23% 25 O 12 52 3.7 U 1.9 U 1.9 u 3.9 J 1.9 
sai-ium- uG/L 176 - ---~% 1000 o 51 52 107 J 12s'":i- - --- 64.7 J --_-_,-+_-_-_-______ 71 J ---- ·· 134 

~~~it ____ ------~~~~:=_~:-- 0·1_=-=~--}i{ - io - -~ _ · 1- ----i~------ 0t~t _ __ _ -~:_g1E=---~=--~=~-r1r-- -- g}~--:~~:f.:--_ -:~~ 

l~t:~~- ····-~t -"'ii~-~~ . ,: 11~~ 'l .... _-J ]r t~-Jt _--•=::!:~==;~~,~ -=-1_":J 
[~om ---~ ~ :j : ~~l l!l- il 1 §~!~ --: ,:i·i ~L? ,![ t--~: =~ :::J •:L~~ 
1~ --tli:j- ':1----1: '"~ : 1- ~I '~h ll ~ >f-- 'iii -:_ -TI~ J= ~?; 
~ac ~iiF -""'i ~E ,J Ji-:! It.]~ n.~JF=- -~~,.]~-~t, ~~w.~t] 
~:~:m ----- -- ~~ ': --= : - ,:1_ ___ -~f H1~ ~~H1lf---r· °' I;f ~ r f;-~ :: l ¾ 
zinc ------ UG/L 81% -- 300 --~~ 52'----- -=:f¾tu· - t=----z:%1 _t ___ -6.9[J __ -_I 2.5!J----=t ----1.8 
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FACILITY. 

TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

FILL ASH LANDFILL - ASH-L.ANJFl{C - ASH LAN~~1 -- ~·~H LA~DFILL [ASHLAN 
LOCATION ID . . . . . MW-55D . MW-56 .... - - MW-57O -- MW-58O l - MW-59 
MAi'Rix ____ - ·· --- -+--- -- ATER GROUNDtvATER GROUNDirvATER GROUND wk GROUNDWATER GROUND 
SAMPLE ID - - - -- L - -- - ARD2022 r -ARD2035i!-=-- ARD2039- -- ARD2042 - ARD2005 

i}~JA~-~L~,CE=-- - -- ;roll-= ;o~~~SA~oJl ~~~:i:=~~j 
STUDY JD = =-- = ---- :· FREQLJ_ENCY NYSDEC NUMBER NUMBER- .N_U. M. B .. ER DIAL DES ASH REM.EDIA.L!)ES ASHREMEDl!"L [)ES ASH REM~[)IALDESIG ASH REMEDIAL DESIASH REM 
SAMPLE ROUND OF CLASS GA ABOVE OF OF 11 j J.j ~i~~:i~t.~:.c;-_-__ ~~~~IT-· ~~~MU:-~~E_c:::: STD. 

5 
STD. 

0
. DETECTS

1 
ANALYS: U N -_ 1

0
. ;~--- . N __ 

1
~ U- -~-~ ~- _._ --~-

1
~U=- ~~--r- _ --~~t --i~ _

10 
1.11~~i;irachlclr_o~t~a_r:~ _UG/L - --,-=:=--=-=M =-.::-.::-__ _()'¼ 5 0 0 55 u -=~io[u-_ . -=---10 u ---==t· 101u I 101u I 10 ~f- - 0 

ol 
' .. 

0 

o o ~5 u 11!: _ _ 1~u ____ L __ 101u t _ _!_q u _____ t- 10 

1 ,! t --JM- =r~r-lr~:--\it-T=J! 
'I o _ -"f" _ "[" _ -~ "---- - - rn u - ii, ": +-: _ ,o , ! Ji -!H- -- tli:=:~ ·••------ mu - ~if={ jj 
l O 55 U 10 U 10 U 10[U 10 6 o 55 u 10 u 10 u-- ... ·- ·10 iT 10 

1· 1 55U 10U 10t::i-·--·· -iou iou··· 10 
Q 55 U 10 U 10 U- ------ _ __1_() U _ .1Q L[_ ==- t- 10 

~j I 
51 

!l -,I 51 
2 

o.7j 0 

01 

sr - bl-
51 01 I 

;[ ~, 
0 
0 i ~~1~ i6I: :~~ -- -- - -~~-- rn~- -·r · :~ 

.~_ii~J7.s;~i.~~-e.--;~. 1~ l =~~ Jt!L~ -!~ jg!~~ rnw - I J- i! 
1:;::~= ~r ~ ~-l l l-Af- ::tr r iH 11 i ~-- iH =,_J:1 

~L 
6~' 
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

I 
--J __ ---- --
----L----

FACILITY 
--j--

FILL ~tf'" . f~ ""~~u_ i~4 ~;oaec_ ~~•f" 
ATER I GROUND WATER I GROUND WATER GROUND WATER GROUND WATER GROUND 

50 6 25 48 8 
DEPTH TO BOTTOM OF SAMPLE . . 

- --~- - ---- --
50 6 25 48 8 

~:1I~:ID ____ ---i~--~-J-~--~~T-- ----~]--· __ -•-_Ji 
DEPTH TO TOP OF SAMPLE j 
~;~ATE ____ --- __ -_ - __ - _______ ---------- -

~!'i.o""" f -·· · --."'E'Jl'f'Ov ~.cg~~A ~isiy1t.•··.·/- Nu_~IR_ 
PARAMETER I UNIT MAXIMUM DETECTION STD_ STD_ DETECTS 

-- 5 -- . 0 
Trans-1,3-Dichloropropene UG/L 0 0% 0 

ARD2□~

1
-_ -. -_:-AR.IJ2035~ -- ARD2039 ARD20i~ _:_----.. _ ~D2Q0_§_ 

_ :

1

- __ 

1
1f-g_ct-~j ______ 20-0ct-99~ 2□-Oct-99 2□-Oct-99 _____ 09-09~~ 

SA j SA SA SA SA 

NUi:ER DIAL DES ASH REfEj DW: oes!A§H SE~rw_ rn'S "5"SEM'~~cc,es,G AS" R~"'C~S ASH RSM 

ANALYsEs - - N - ----r~- IN t-- N ---+--- IN 
-+-~-

55IU- ~~l~ . -- ____ , __ -
_ -+-----1~jU I ~~$ -t- ~~l~----J~=-~-~ 101u 

Trichloroethene UG/L 9100 -27% . 5 10 
1/iny(chloride ---- ---tG/L 180 5% . --2 -- ---2 
ME_TAJ,-S __ _:::__-__- =::_ --- ____ l=: __ -----=-- -
~}:r;;--------git-- 260

~ ---- -: :i~r :·:- 25 --- -~ 

~EL=~, 7~;~~~:-_ ' 
Chromium 
cobalt -

0 
10 0 

0 
0 
0 

!~-- 1~ 

Coi:,per 
Cyanide ______ _ 
Iron 
Leact 

UG/L 6.1 10% UGIL- --- - o ---0% 
UG/L 11600 67% 
UG/L 0 5-4\ 10% - _, 

~?~~i~t-----_: __ -~::*g!-:- -- 4~;~~1 ___ :::fJ- _ J~:~ 0 
7 
0 

15 
3 

5sl!,L 
sslu ___ --+ 

101u 
101u 

~ 51/tJ _ - )!§Qli-----~ --:---160 J 688 2_4001----- :21_9 

11 ~~1~-- ~-~ g - H ~--------- ~:: ~ -- ~:~---- -* 
5~ 5i l - 610~ ~ _ _. _ -~"5 J ~,! J _______ E361t=~ 121 

5~ ;! ~ ii; t ~:-:.. -~J§~ip- --~ --ji ~ Jo~:::~:=-:: -~~91 
J ~ U=1_Jlt _:n __ dlL==!fjJ 

Merc_u_ry __ _ ____ __ 1:!_G!.'::_.___ 0-2/ ~ _ 2
1 

__ 
~:~::~ium --- -- ~i1 18;□~ ----lit-- - ~ sH s2 J - ' --1120

1J - -- --16_3_0+-1J----i--· 
$<,f~ium:: _________ ~ 2_6 ---2% - _::I9.~:_.-=_Q _____ _:_-r _ _ 5~ !-) . __ _i :---~~lg-:::_ .:.=- 2-4 u 2~4 u :~:m:~ ----± _____ 2-8 

D 

!_~_
1

:e_i~_m_ __ _:_: :- _-_ --+~"-~"-;-=~--+ __ 14_2_0_0~-+----9-~_:+- -· 200~~ ___ 2l _:-~ -_:-_:_II =--- : ~:-: -__:_j:t:11J[~~~-= :_:-::.,___18_8_~-~+-u--~'tdli~M~:,;;-u----i~'f~~,a lJ_ _ i,];(~~~ 
Thallium UG/L 10.8 19% 0 10 52 U 2-7 J 2.9 U 2.9 U 2.9 U 2.9 
Vanadium UG/L 4_5 6% 0 3 52 U 1.5 U ----1-5 U 1.5 U -~ 

Zinc UG/L 134 81% 300 0 42 - 52 J-- 15.7 J 3.7 J 7.1 J 2_5 
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

FACILITY f FILL ASH ~NDFILL ASH L~}~DFILL ·-- -- ASrl ~DRLL - -- ASH LANDFILL 

~f1~I{:ID ___ ~_- -=--1~~ -- - - --- _ __ _ ATER i!~~~~T~~-_-_i;f:afwAT~~-:- ;;~
006

__ ~WATER 

~~f:.Tl::I_IQ:r~_O£§~F'LI::___ 
1 

__ ··---· ~.st .. -- -- _ --~-· -- ---t-~~--1--_-_-_1Mt------
~1i_JA~~~~-q~~y~~~~ = ----- --- -- _ ~f6~~L=-~~~ ~~i: ~= ~A_TfQct-99 ~~-0~~~--
STUDY_ID _ __ t- FREQUENCY NYSDEC NUMBER NUMBER NUMBER DIAL DES ASH REMEDIAL. DES ASH_R.E_"lE_l)l/\[,_DES .d.SH R.Er.lE:D_IAL DE_SIGN ASH_F<E_ME_DI/\L_CJES 

§~MPLE_RguNQ____ _ _ _ _OF mssGA ASove o, o, . 4--·· -·- ' . -~'L .... _ •-'l ·· 
¥j~.

1
~l~~~~= ~- ~~~Mu~l~D~Ec~1:, sTD.

5 
srn. 

0 
DETEcTs

1 
ANAL~~iu· N ~-·:~fu=-~=l~-=_

10I
: ____ N--==-=-j~---=-~=-~~u __ _ 

1:1,2:2-Tetrachloroethane !UG/L - - - -i[-- -- -□% --- 5 DI DI 55IU 1DIU I 1DIUJ I 1DIU 1DIU ------ ------ ---- ----- --- -~r ~ ~ --- -~; ~ -l~lv ~--=!-- ~~1~1-==-=r- - -~~:~ t ~~:~ 
0 0 55U 10U -- -1--_!Q_UJ ____ j____ 10Iu 10Iu 

'~ '(-=iUlH ~=ii t-=t ·~i : )ii~, -
1. t_~Jt ~lL:[=!}~f 1!t · -~I:~ 

0 55_LJ_ !DI,!_ -- __ !Q_LJJ ____ j- -- 10U _____ 'I_Qh~-

'L : l --!!1~· - 1jf t=~~~ . -- ::~ . -JJ 
l l=Jti= ..... tt .. 1-II- ii_~jl==~)~,-

~;~~-~=r=~: ·=···~ - , ! ~~=---E~J= ~~-' lrn -l!~:==!f~~ 
Tetrachloroethene -- uG/L--- o -------5 o ------0 55U_______ 10U 10UJ 10U 10U 

Toluene UG/L 0 5 0 0 55 U 10 U 10 UJ 10 U 10 U 
TotalXylenes UG/L 0 0% 5 0 0 55_U_ -~ 10U 10UJ 10U 1DIU 
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

IJi!~~~~:~~ -~l ~ --· .. .. Am ~t~"~ !i:=f ~j"~ ~ic~t 
~~~OND ~~i<ffl ~~UM :,:1L: c~~'& NJ{~";~:: A:~~:s DC<c oes ;" ~f" oes ;" ~'°"" oes ;" REM,O~ oes,cN ;'" "'Jr"""OSS 

FACILITY 
i..6ci,.'r10N10 

FILL 

.ir?~~~~:-~ ~f_-:_i --~ 'i ~ :~ >J-- i]t -~~~~-=\}=;~ 
''"""'- . .DGac: ~ ... 9~. - 00% "'"" ' si "" "·''" ,I ---+---- oo,L f "'"" 
Beryllium lUG/L 0.66 10% O 5 
cadmium i.JGIL - . o - 0% 10 o o 

~~~um - - ~~r ~-:11· 268_irn~ .--~~ ~:~ 5~ ~ 5; 
Cobalt UG/L 8.4 4% 0 2 
Copper UG/L . - - ·s.1 ·---- -10% 200 O 5 

Cyanide UG/L . -- - - 01 --- 0% 100 0 0 

iron . i.Je,_i[' == 1f6~Qj . 67% 300 14 35 
Lead UG/L 5.4 10% 25 0 5 

52 U 0.66 J 
52 U 0.7 U 
52 114000 
52 U 0.9 U 
52 U 2.5 U 
52 u 1.9 U 
52 U 5 U 
52 U 14.7 U 
52 U 1.2 U 
52 16400 M~gnesium 

rvia~ganese 
!"lercury_ 
Nickel 
Potassium 
Selenium 
Silver 

--]DGiL 47100 98% o 51 
52 U 1.8 J 

UG/L- - 18400 - 98% 0 51 _ ~? ~ _ -- ~--: 232_0 C __ 
1g~r j- -31r - ~~~ 30~ ~ 4~ 5?JU -1- _o._11~ 
UG/L - ·s.s - -- - 12% O 6 52 U 2.f iU 

t~~ - - 2

% -= -~~ }g _; ~ Jl~ __ -_ ·=:=~J;~:== 
Sodium _ _ __ __ __ _ UG/L = - ..:__142000 -=- 98% _-_ 2~00~ 1 2!_ . 51 . ~? ___ 19900 

:~~;:m_ ------~it --- 1

1~1 -=~=--=i ~=--=J-- -=--ir--- ··<t -·:: .. ii t 
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Qc?IUJ 
o.iTO:i 

81200IJ 
0.9IUJ 

0.2IU 
0.3IU ~jl0 

92000 92000 
- o.91u 5.6IJ 

205~U_L _ t--- _ --~%--- ~-- ~.4j{_ 

1.~ ~~ == :.t::-~- -~~i~ -_ L_-- --6Jj~ 
51/tJ~= -- • ~ c--~~f'..t['_- f " ·=~10 J - -

__ 33}~~lf ______ 31~~ ____ _ 221~~ 
t;; ~t .-~ = ~-- _t; ~~=::·_ I ~:1 ~ 

2560 J 3160 J ( 3460 J - ----- ---- -- -- -- - - -
2.8 UJ _________ 2.4 U ________ 2.8 U 

1.6 UJ ------·----1.6 U ·----- .·: '·· .. 1_.~U 
_ _'!_92_00 __ f;,.a;i\.,'.l761J9:_. ______ _ 

2.7 UJ 3~J 

------~:! ~ -~J -----
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITOglNG 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

l 

FACILITY _ t -l - -~ i ASH c,,Jmc AsH c,,oL .. ,,,;,,~~r ~~=om ASHC,, 

LOCATION ID ---- -- ----- _ PT-16 _L _ -- _ PT~16 __ J_ ______ PT-17 . _ PT-18 L ____ ~ 
~!-_TRl2S - - - -- _ l GROUt-JD WATER . GR_OLJN[) WATER __ - -- §13:~!-f_p_V\l~!I:~_ -- G_f39U~1/V/\T_E~ - - GROUN[) 
SAMP1=.E_l[J_ ---- -- _I_ -1 ARD2014 L ARD2p13 ___ l: ·- __ _jA_RJ~?_~?_?_____ __/\~[)_2.9_~1-- ____ /\_f<.D2018 

1,1J1l~':~€~,cc - _ . . J~i,![ _ J'.o"lt :_:_ :5iil! :_ i-~ji!r::_-:f~1 
srn[)_Y ,D--__ -----=--_ ~f -- -------- F~EouENcv NYso:Ec · NuM_BER NUMBER NUMBER ASH REMEDIAL oEs i\si-(REMEDIAL DESI AS~~1~L ~EsIG As1:i_f3EMEPJAL [)·EshsH REM !~~-:~~J -u~1,--~ ~~~lJ_IJ! □ET~{TION ___ c~~~-GA A!~~- oET':c'rs -ANAC~sES N --_

1j N~ ~--- , _ N ~'f--~jN~~--, 
.1_,1,1-Trichloroethane_ UG/L 1 2% 5 O 1 55 _ _10 _U_ 10 U 10 UJ 540 U 10 
1,1,2,2-Tetrachloroethane UG/L O 0% 5 O O 55 1]RJ 10 U 10 UJ 540 U 10 

~fjjJfii~r~:=---~ii-----·---i-• ~~ . ! _ __! ! j;l· --~!J~ ~~~ ~~~~ :-~=--=-!:tr- ____ i 
1,2-Dichloroethane UG/L 4 4% 5 O 2 55 10 U 1 o U 10 UJ 540 U 1 O 
1,2-Dichloroethene(total) UG/L 1100 - ---27% --- --5 - 14 15 55 10 U 10 U r·.-;':•••.•:'16.J--·-~~---- -----=io 
j_:232Tctiioroi,ro_p~e=~ UG/C-~- -~-~~o 0% _5. 0 .~ _-5~ .-· 1.9u - ----- 10U ---=-=-- -- 10UJ ____ l 540[u_-:-~----=--10 

~!OflE! ___ , _____ UGll:_ __ L _____ 2 4% _p --- _ 2 _5? _ 10U _1QLJ __ 10UJ -- ----~'lJ_J _____ ---- ~ 

~:1E:::-~-.,.- ~t --: : :~ :!1 : : :: ~ ::•~- -·1Hr r--!+~ C -L-~ 
Chloroform ----- - UGiL- --1- --- --74 2°/o 71 -l 1 55 1Q u 10 lJ ·-- - ---- - Jo W_ = - ·7 , '";'"74,J~ - [_ 1Q 
Cis-1,3-Dic·h·l·o·ropropene ... UG/L .. ·· O 0% .5 __ 0 O 5.5 10U. _10U__ 10):!L __ ]. ___ ~U---.. . ]Q Ettiyitierizene - ----- - uGtL - - ----- -□ 0% 5 o o 55 10 u 10Iu 10 uJ 54olu 10 

Meitilbrornicie ---- - - uG/L L ---- o a% o o _5~ _ 10 ':!.. __ _i~ju__ 10 uJ . ----~LJ_ _ . 10 

~=:~:~ut;i~:tone- ---:_- ~~t-~~f:--_ ~ -- --~ -) ~ ~ ~~ ~~ u j ·-·-· - -~t;- --- :~ u~ .· ~tu- - -- ~ 

1 !;~ ~[¥~+- r ~1 : 1 __ -il irn - ~r~ Jrn -ar -r i 
Tetrachloroethene UG/L o 0% o - -55 -- - ·--10 u-·-·- - fo U 10 UJ 540 U -- -L-- _-10 
Toluene UG/L O 0% O 55 10 U 10 U 10 W 540 U I 10 
Total Xylenes UG/L a 0% 5 ..:.:==-ac-- 55 10 u 10 u 10IUJ 540 u - -1- ---1□ 
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

FACILITY 
LOCATION1D 

~;~~D~--- ----1 __ -- _' __ --__ -- --
DEPTH TO TOP OF S!:-!-1~---- ----- --- I - -

~::;~;~:T~TT_Ql'v1__9F_J~:~--:~L- -- - -- - - --1-- -
QC CODE 
STUDY ID - --- - --- - - -- FREQUENCY NYSDEC NUMBER 

SAMPLE ROUND - - - - - OF CLASS GA ABOVE 
PARAMETER-- - ---- -- UNIT MAXIMUM DETECTION - STO: STD_ 

Trans-1,3-Dichloropropene UG/L 0 0% 5 o 
Trichloroethene -- -- UG/L-- - -9100 - 27%- -- - 5 ·· -- - 10 

NUMBER 
OF 

DETECTS 
0 

15 
Vinyl chloride- UG/L 180 5% -- -2 - 2 3 

ASH LANDFILL 

PT:16 _ _L ... 
GROUND WATER 
ARD2014 

10 

~~1~:J~~~=ilt:l~ER 
ASH LANDFILL -- - ,LAN 

•~~~~N~ATER ~~ci~ND 

. ~R~20~_() ~ARD202~
0

-
5 

______ . ARD4i~i __ __ ARD2~~~
5 

101 10 10.5 11.1 10.5 

--- J~ii~-Oct-99 . _ --- s;1-0ct-99 --· SA18-0ct-99 ~;-oct-99 - - . - ~-=-oci=99 

NUMBER fsH REMEDIAL DES iisH REMEDiAi._!JES!ls__f-l_RE~:~+Dlf,L DE§_I_G !:-~~lD\~L DI~ ~HREM 
OF 11 1 1 1 ANALYSES N - - N --- - -·--· -- N --·-- N N 

~k- --;6~= - - :~J~ --":1"~6¥--- *:'f•~'·~~t----- ----~I 

.~~<-~~rj1~i ·-~~ ,: ! ··.~ii~------ _____ --------+--~=-~--- __________________ _ 

. ----------~~!!: __ _2_680_90_ 98% 0 51 __ _ti~L?55_0_()l_ l- 100_(J0()1 _____ _[______11J_ti@l£__ __ 1 224000[ _____ J 202000 

s51- - -10 u =::-101p====- '"" · · ·101uJ __ f -··54□1~ 101 

m 
16.3 U 
4.9 U 
4.4 J 

40.6 J 
0.57 J 
0.7 U 

-is.sfu'-----,--~1981J -- -1 51.61J --r-184 
2.7 U 4.9 ::~l~J - --+ 

2.7IUJ 
_______ 1.9[!:'.,J_ 

50.5[J -+-- 5~:;K-------1-----17; 

~m JtlJ=:m i J J--f -~--~· ~--
Lead UG/L 5.4 10% 25 0 5 5: 

!I 0.9 U 

l"" ' - 1.9 U 
! 5 U 
-- -

2 14.7 U 
! 1.2 U 

~:~-=~~: --- 8:~ 4
;;~~ !!~ 30□ _ -~ 1; 52l_- 7.3 J L - i1\J =- -==i=--=--=~:~~_::-- ~-:;,, 411: _-- - -~t0114o' 

l'v1_e_rcury U~~~ 0.2 _1~'!,',, 2 !J 6 _ti2 o.1u L !J01_tiJJ ___ 1 
____ _()_.1U:1__ _ _ _(),1EljJ---i-~-0_15 

52 11500 

i i,t• _ _ ~~ +--~~-,-+- ~ j~- -~: J~ ~- ,1 _ -i . ,~ ~ 
1
l ~ ~ ~-- ,rg; ~~~ .~?!t ~1=}ii 

Sodium UG/L 142000 98% 20000 27 51 52 7140 7780 20000 J ,•.,,,,:,.58600: :,·· .. :::,,,28900 

v:~:~:m----=-------- ~~f- 1~:: 1:~ ·----~~---~ :=~=-=-=-!~~=:~:=-~l=-=::~~ig - _____ -~:~8--- 2.7UJ =--T'"'""~~r~---~+:···;~~~ 
Zinc -------- UG/L 134[ 81% 300 at ____ 42j-----52L- 1_8 U -- - 2.9 J --- 134[ ----+--4.4 

p:/pit/projects/seneca/irontmc/draftmemo/gwtbl1-5-22-00.xls 
06/15/2000 

GROUND WATER CHEMICAL RES UL TS 
20 of 24 



FACILITY 
LOCATION ID 
MATRIX 
SAMPLEfD -
DEPTH TO TOP OF SAMPLE . 
DEPTH TO BOTTOM OF SAMPLE 
SAMPLE DATE-_ - ·r ----

TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

FILL ASH LANDFILL ASH LANDFILL ASH LANDFILL :jSH LANDFILL 
PT~29_ _ ... [ --- PT-20 [ PT-=zi~:__ ____ L_:_~ .. -~!~.?? _ ___L___ __ 

ATER I ~:i~_-0~-~- .wl. -_AT. E·_ R . A.G:.gf. □~_r!\J_A :r!=.R_ - ~:~~1~ VV/\l!=R -- . -· ~~5¥£~~ w. P,_Tl=_R _-
10 10 17.5 11.3 
10 - . .. 10 -----· 17.5 - ·---11.3 ----·-·. 

1s~oc:1~99 - - - -w~oei~gg - 21-oc1-ss 2-=i=-oc1-w --- -
DU' SA SA SA 

DIAL DESI ASH REi-'IEDiA-L DES ASH REMEDIAL DESIG ASH REMEDIAL DESIGN ASH REMEDIAL DES 2~~No· +~;1.:,J:::r:: NYSDEC rUMBER 

I 
NUMB-ER 

I 
NUMBER 

CLASS GA ABOVE OF OF ----➔N·------4--· -IN -- ..L .. 
VOLATILE ORGANICS 

f_ :~:~~=~~_::::."' [~~---~---~1~. -=-~_; -1,1,2-Trichloroethane UG/L 0 
i------.:~-------------1-----·· -·----- -·--- -- ---
1, 1-Dichloroethane UG/L 9 
1, 1-Dichloroethene UG/L O 

4 1,2-Dlchloroethane I UG/L 

2% 
0% 
0% 
2% 
0% 
4% 

~=~sttL .... ~· ~ 
~:;:~

0

=uffide ---- -I~~;~ --+ · - __ T_ _ _ ~~, 

1100 ·a~--
2 
0 

27% 
0% 
4% 
0% 

Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 

UG/L 
UG/L 
UG/L 

jt: 0% 
0 0% - _a, __ 

___ §~I 
uc;iL·-- o 0% 

~:~;t~l~ro~;~p~ne-=rg~r-
7
~ - ~~ 

aiiyi benzene - - --- uGtL - o - -- - - □% 

Methyl bromide UG~ 0 0% 
Methyl butyl ketone - -- UGIL. ---- - □ --- -- --□.;.;•-

Methyl chloride - - UG/L . 0 0% 
Mettiyfethyl ketone UG/L -- --- -- o -- - -- -□% 

sw: STD~ DETECTS ANALYSES 

5 
5 

5 
5 
5 
5 
5 

0.7 

5 
5 

f 
5 
5 

0 
0 
0 

0 
0 

14 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

s~I - ~ 
6 

55 u 
0 55 u-
0 55 u 
1 55 u 
0 55 u 
2 55 u 

15 55 u 
0 55 u 
2 55 u 
0 55 u 
0 55 u 
0 55 u· 
0 55 u 
0 55 u 
0 55 u 
0 55 u 
0 55 u 
1 55 U 
0 55 U 
0 55 u 
0 55 Li 

a 55 Li 
0 55 u 

N 

10IUJ 

·- _m~L 
. ~~lli~---

,.-<·.-':28iJ-
· ·1aluJ 

!.ll~t 
m~r-
10 UJ 
10 UJ 
10 uj 
10 UJ 
10 UJ 
10 UJ 
io cu 

- ·10 u-:i
io [jj--

10 UJ 

N 

1-Q[UJ ~ ____ _!~~J--· _ _!~+~------
¾.---, *W--· L,v,••••

1

B -.--,~:~¥..::== 
·,, • · .- .. s 49 J Y:+;:i•;>i;'/': $:?16: i;iiYc:f' ,,_, '8&, 
L - _1Q tJ_.1_ _____ -~-- __ !Q]C_=-i· _ Jfi[- --

rn ~4---;--------- ~~J ______ - -- 10 UJ 
- --- -- - - -- -

10 UJ 10 U 
•-----·-1oui--------1--+----- -- ---

-10 UJ -- - --- -·-1 --- -

- 10 UJ 1 

10IUJ 
10IUJ 
10IUJ 

~~,~ -1-----•-·-
---+----+--------·--·-+----· 

16 iJT_____ -- -- -··1 . -T- --

-~i [i~ :- 1==-~-:-:-~~-~~~--1~:--=~ -_ 
10 UJ f 10 U 

-~}i i-~~---r -- ~~ ~- --- l -~~ ~ 

Me111y(1soi:iuiy1keiarie- --- UG/L o -- - -0% -

~~:n~~oride ---- - ~~~--- _L:__ ___ ~ -----~~ - · ls---{/ 
'fet~c.61~~~~- u_~~- o -~ _ _ _ _:-·s _:-~~-~ _ 

f;~~f~enes-· · ~~~ ~ ----- ~~f- --¾ - - %/-

···- .~~·· -- _J~j~ -
10 UJ L 
~ UJ __ j __ - -- ····--
10 UJ 
10 UJ 10 U 
10 UJ 10 U ··-·-1DILJ 

~ll ~tf 
. - 6 55 u 

~-- 1~ ~--·-· 
01 55 u -or -· . -.. ...:s:.::s+u=------+ 

-i □ uT __ _ 
10 UJ 
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

I
I _- . -- - 1 -
-----~- - --- ·-- --

:~~1};N_-1p- --~ ~j-: -- FILL - - ~~~r~t~~- ~~~r-N(!~ltL:-== ~~Dffi~--=~~ ~ ~~JA~t~r __ ~ 
r.i!ATRIX __ ___ __ _ _ _ _ ____ ___ _ ATER GRO_UN_[) Wf\T_E~ G~O_Ui'JIJ WATER GROUND WATEH ___ G~Q_l:!!'J~Y'fA1:~~ _ 

SAMP_!:-ElD __ ---- -- -- _ _ -- _ ~RDJ026 _ ARD2025 _ +-----+ -- _ A~[)2Q4~l --- _ 
DEPTH TO TOP OF SAMPLE 10 10 11.3t 
DEPTHTOBOTTOMOFSAMPLE- ---- - -----i □ ·- --- io 17.5 --- --11~3 
SAMPLE DATE - -: - -- - 18-Oct~ - 1a-oct-99 --- -21-::oct-99 - - 21-oct:ee ~ -

~i~°,~ : ~ -t ---- . SRCQOSNCY NYsne, '"""'" NUMaeR '""'"" '"' O,s ~H R~,0"'- o,s rs,; R,;,.~.,_ -"SS,G ;~REMea~tr"'"'-;. eHRE~,,~, nes 

180 5% 

a- -~i ,~ ~E 
Cadmium lUG/L O 0% 
Calcium - UG/L 268000 98%' 
Chromium- -- -- -- - UG/L 5.6 ---- 15% 
Cobait- -- --- UG/1.. - - ·s.4 ---- 4% 
Copper _ _ _ ___ UG/L _________ 6.1 ____ 10% 

[;f de - - ~ =- ~; = _____ 1J~O-~ ~:__==- -11~ 
Lead \UG/L 5.4 10% 

UG/L 47100 -- 98% 
UG/L - 3140 83% 

Magnesium 
Manganese 
Mercury 
Nickel -----

-- -- Juc;iL - _ - 0:2 ______ 12% 

Potassium 
Selenium 

UG/L 5.6 12% 
UG/L 18400 98% 
UG/L 2.6 2% 

Silver - --- - "uGIL- o --- 0% 

Sodium 
- -- -----

-- -·-·- - -98%7 -------- -· ·- -- - -- ---
Thallium ----~-·-
Vanadium -·---------
Zinc 
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19% -6%+--

81%1 

0 55 U 
5 10 15 55 ii 
2 2 3 ~ii 

0 34 52 J 
6 1 52U 2.7UJ ---27UJ -- 1·-- 2.71._L[ 
0 12 52 J ~-9 tbJ 1.9 UJ _ 2.2 J _ __ _ _-!.9)¥_ _ _ 
o " "'""' '"- _ _ "'""- "'-" _ _ _ n ~' __ _ 

~ ?~ !! t 159l~B
1 ~:; ui--- ------=~9:~l ~~~-~=- -~~-•--i;l! ~- --: _ 

:___~-=-•· ~ ~~ j_ O.~ ~L l------1--- - - ~~-==- -=:~J~0-~:~--
g/ ? ~2 J . 1.7 UJ _ __!:ZJ.l:I__ __ _ _1.WT_ ___ _ 

1~ 3~ .. ~~ U f4.~1it -- '&;,0•f5'f~i,1=== _- ~~:fil-:--_::- _ 
~ 5~ ~~ u 162._oi:r~.~. - 1~ ~j -. --.-.. -.---.-,-•. --.-.-.. -.... r_._?2,_.~ .. ~. ,.,9_

1

_ •• u __ -=:.: ~ _J~~□t::__=_:: 
7 43 52 3.3

1
~ 0.9 UJ 1¥,C•".''",'f ~03 J 37.~ 

--~ - _ ~ ~H __ -_- = ~f} i1 --: _ -~-:--~; ~j- -- --~c~ ~~--~ J- _ --_ f:#8~- - -

25 
1000 

10 

50 

200 
100 
300 

25 

300 
- -+ 

2 

o 51 ~2 __ -{- 2~QL __ J 261 UJ ~o ____ ~--!9~Q/.l_ ___ _ !.(lt-- _Q _ 1 ~_u_ _ _____ 2.4 UL J- 2.4 UJ _ 2.4 I,! _____ -f--- 2,~ u_ _ 
50 --}1 --- 5~ ii_u_ --- 01c1i~~J ---- --- 81.;~ ~j 1

·
6 u ___ --·1r'"}(:sil-----20000 

300 
--=-i~=~-~:~ = ~~l~-~~~=~=F==-1~~t~- r:~I~~ ---- ~ , __ ":!~=~=:·--
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FACILITY 
LOCATION ID 
MJ\TRIX 
SAMPLE ID 
DEPTH TO TOP OF SAMPlE 
DEPTH TO BOTTOM OF SAMPLE 
SAMPLE DATE 
occooE 
STUDY ID -
SAMPLE ROUND 
PARAMETER 
VOLATILE ORGANICS 

--

UNIT 

-- --

+FREQUENCY 
OF 

MAXIMUM 1 DETECTION 

TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

I 

I 
ASH LANDFILL 
PT-23 _ _ i _ 
GROUND WATER 
ARD2016 

12 
12 

11-Oct-99 
SA 

NYSDEC_, NUMBER! NUMBER 
CLASS GA ABOVE OF 

NUMBER IASH REMEDIAL DESIG 
OF 

STD_ STD. DETECTS / ANALYSES / ~.J 

0 55 10 U 

ASH LANDFILL -- ASH Li\NDFILL ASH LANDFILL-
PT-24 - -- 1· --- PT~25 _J_____ PT~26 - L~ -- - , - -- - -

;:,~-~L- ~~~ "='~ :;.;rAITR f 
~-0i:~j - ;;·ol.~l~•-;:o~J= . 
ASH REMEDIAL DES ASH REMEDIAL DES ASH REMEDIAL DESIGN 

N- 11--_-: _ _:_ _ N-_ =--1!_-_::__:_---~-----~t--=---_:_ +-- - --
10IUJ ----i--10IU---- -i-----10tu ---+-1~1,1~ Trichloroethane -- - i.iGii: 1-- -"TI- 2% 

•wt~<=-•· UG< .... ~0%) .• l l l ~I lfi' ··. ;rn_ l!';::.;rn __ -_-_--+---

0 , " ,o u ~ rn u,.-- · · · " , ... . t~ wlu-

-11-- 0 
I 

~I 

~, 55 10 U 
55 10 U 
55 10 U 

0 55 10 U 
10 u 2 55 

14 1s -55 - 10 u - -- -,,z--• '?!:U-J - 10 u -- --]u 
0 0 55 10U ''1ii'luT' 10U ------10U ___ _ 

~ j ~~ jH l~Br=-- --::~~=~ -=~~!~-~--==-:=-~--
: --~ - ~~ ~~ ~ :~ ~~ :~ ~ -- +--- -:~ ~ ____ _;_ --~-

i[_ ~ ~ - _Jl _:~ ~ ~~]Qt-= -~:-=_1:i ti-_ - -=-=- -.:.~=~:i~.:.==~:-__ 

51 
51 

I 

0.71 I 

t 
I 
{ 

ll- I 

I 

I 

15 -55 --
10 U 

0 55 10 U 
2 55 10 U 
0 55 10 U 
0 55 10 U 
0 55 10 U 
0 55 10 U 
0 '55 10 U 
0 55 10 u 
0 ----55 - - 10 u 

jf 0 55 10 U 
55 10 U 

l O 55 10 U _ 10[[_J__ i_ _ _!_Q 1.:1 ~ _ _ -- _!QLLl_ __ 

'I ~ ~ --~~ _J5 ~ -i6 Q}----- -_____ :j~ ~- -- -- --:-_ -;_:~ t ___ _ 
, _ . ~ ~ ~i -t~l~ i! ~t=- =-~--+B=- - = ~-~~ =----

MeJfo,l},~~~one _--:-_-_ _Q~~--~--=:===:=m.:_ -=- 00,'o[ .,-- 0 Q ~5 _ -~---------------;:;1,-,------- ___ -----~-

~1 
I ~I 55 10 U 

55 10 U 
55 10 U 

10 U 

~tH~~j~:ton~:~----- iJ~~t~==~~--- --~~ --- ~~J ~- --~ ~[ -rn~ -~§UI=--~---11D--- -----~~-L--_1--

2:~~"'l""~- !-·= .:...: t~= : · • k l = . i · · ;- iH = il ~ il ~ il ~-+ 
~;~~'"· ~~ : -~ -. t== r::::.r--:.m=· ~~ l-::[ - ::~ -~f~=r ~ 
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TABLE 1 
GROUND WATER CHEMICAL RESULTS 

ROUND 1 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

I 
I 

!;i~li :r~;:~~- ~ --= --- --- _ -- ARD2016-+f A~:~!r(--==- A~D~r:~ - ARD2!r~ - - ~=:=-L- -· 

iti1!fATE _ --~-~ 

1

--~=- -_--~··. · · """'~eNcv NYsOCc """"" """'"" """"" ~i:::i.L b.-. ESIG itg_:;M.t,;~es ~:;:," oes ~:=ED~ o,JGN~:::: 
i~~~t~r¥ND _____ --UNJf__ "1_AXIM_LJM 1J~Ii0IO_N- ~~i~A ~~iE_ DET°:CTS ANA~~SES N -~

11·- N~--:=--~ ---=-= N 
1 

. _N ___ 1_ -~-=1-=-== 
Trans-1,3-D,chloropropene UG/L O 0% 5 0 O 55 10 U 10 UJ 10 U 10 U 
Trichloroethene - - . - u~ -- 9100 -- 27% - - 5 10 15 55 10 u-. 4 T-·---- 10 u ---10U ---- ---- . -

Vinylchloride UG/L - ·r· 180 -- 5% -- - 2 - 2 3 55 10 i.J 10 UJ 10 u 10 u----- ----METALS. -- - --·- - - - -- ---- --- - - ------- ----- - ----- --
Aluminum ---- UG/L 2600 - --65'il-- Cl 34 52 357 1s~u:i--- -·--41~J--- 96.2 J 

1~1~:~t ---- -- ~-~:t _ -- -~ =-~--=-= ~1~ =-=: 25 ~ 1~ ~; ;:: ~- _!:~ Hf~=~=-~ ~:; ~ ·-:-:-::~_:]:; e---==--·- -~:?:~ ==-~-:J!L·:. L~ _;:~i ~~~ 
10

:: ~ Si .. -ii -- ___ ]ii~ -- 4iJ ~j--· -:==lt:-==- _::::-:li ~----
Calcium UG/L I 268000 98% __ _ _ _ 0 51 __ 52_ _ 101CJOO ___ 101000 J 77200 . __ -~69_()()_ 
Chromium UG/L 5.6 15% 50 0 8 52 0.9 U 0.9 UJ 0.9 U 1.2 J 
Cobalt - UGIL - 8.4 4% 0 2 52 2.5 lJ 2:s uT- ---- --:z u-- -----:z:s LI--
Copper UG/L 6.1 10% -·-200 - 0 5 52 1.9 U -·1.ilw··- 1.7 U 1.7 U 

¢ianide ·---- _RUG/C= ===i· 0 -=~=--:_~~-·::_ 1_00 0 _o 52. -~----=SU sQL=: -::::::1J1:===-===.ru 
Iron __ __ ~/L __ __ 116_DCJ _ .. _ 67% _ _ 300 14 3!5 52 ·· , 4l~J- _ __1~.7 ~J____ _ __ __27,8 ~-- ___ L~_1_9! ~ 

~~. ~--_i ·if~ ~] · ~ ! ~ ! ii~ 'i~t-,--1~~}~ji ~i:- 11· 

Nickel UG/L 5.6 12% 0 6 52 2.6'U 2.6~J f 1.7 U 1JjU 
f:'91E!S~iurn _ _ 98% _ _ _ _ Q -5) _ ?~ 2220 J _ 1510 J --=-=- =::-105~L- - -- 26BDlJ_ _·_ 
~~_J_e11ium ______ -+-~---t-----+-- 2% ____ _)CJ_ Q 1 __ S:? _ ?~ U_ ___ _ __ 2.? ~J ___ _ 2.4 U __ __ ?.i U _ ! _ 
~~j~-~=--~ _____ Y3.i_L~-- ____ 1~200~ ----~-:~= 9~~ ___ 2.0CJi.if_ . 2~ . 5~ -=:~---~~ -= ~o:o~ ~ --:-:1- -_!~1~ 1P--: - --10;0~ U '.:] '~l~.~~ - -_ -1- _ 
Thallium 10.8 19% I O 10 52 2.9 U 2.9 UJ 2.7 U 5.51J 
Vanadium ----+-==--+-- 4.5 -----6% --- _T _____ o --- ·-3 52 -- -- 3.2 u---- 3.2 UJ 1.5 U 1.5 U -- - -- -
Zinc 134 81% 3oor·---□ --- --42 -----52 5.9 J --- - 1.8 UJ I 1.9 J I 2.8IJ -- - - - -
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TABLE 2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

1 
~_li_._~r-~N-_ID :_-_~--~_·- _l _ - r- - ~t·_1_ - i I__ :;:i, . ·- ~~_d:_:E~- !_1':t,==5:i~; lfi~'; __ r~E-ff ___ -_ 
SAMPLE ID l ARD2141 ARD2140 I ARD2139 ' ARD2152 ARD2132 
DEPt1:fTOTOPOFSAMPLE ______ --- ---- - a ------o - - o 12 ----·-io ____ _ 
DEPf1:rroEion6rv1-oi=sAMi>i:t- - - ---- -- a --------a ----------o~-----------:iz -- -----ia __ _ 

~~~tr1?lN[l _ - MAXIMUM 0Efi!T10N c~~ GA A~~iE D~;CTS ANA~~sEs N 
2 

_-- - N -- --~2t N -- - · 2 
---- N ___ -3 -- ---N-- --- ~ 

v6i:ATJLEORGANics ------- -- ---- - - - -- --------- - -- ------
1,1,1-Trichlaroethane If.: 0 0% 5 0 O -54 1 iJ 1 U --1 U-----------~u·· ------ - - - - 1 u · 

-----------···----- -------- - ---- ---·------ -- . - --·-------i------i--------------- ·- -·· 
1,1,2,2-Tetrachloroethane /L O 0% 5 0 0 54 1 U 1 U 1 U 58 U 1 U 
i.f2:fr;ch1oraeitiane___ ,c- -----a - - -6% 

1
, o a -54 1 u -i u 1--- 1 u 58 u -----1 u 

1,f-Oichlorootharu,---- IL-- ------o-· 0% - 5- ·o 0 54 iu ------i1T - --- 1U 58U -----1U ____ _ 

1,1-Dichloroethene UG/L O -- ----□% ---5 · --jj ---- o - 54 1 U 1lT - -- 1 U 58 u 1 u 

i,2:4-Trichlorobenzene UG/L o 0% -5 -- o o 54 -~ Q __ ::__---=-:J_ Li~= ~:- 1 U 58 u ---- 1 U 
0 0 54 1U 1U 1U 58U 1U 

11 1 I I ~ il ·· ·. ~-1;: -1;li1~-=if ;~r-~-1~= 
01 _E _Q __ 54 1u ~u J ______ !U ____ ~ 58U ___ .!i':-! __ _ 

13rOIT1<:J_c!Jl':',?m~tt,_811E?__ ___ _IU~~- ___ ------i- __ 0% I O O _ _ OS ' " '" . '" ~" -- ~"---
~i~-~~%;:a_ ro--m_e_ t_~an_-e ---\8-~if-- -- ~ --- g~ ~ ~ ---~-- :_ ~ ---- -~~- - - --i }_---- ~: ~ . --- - - ~i~ -----

~~:~ 1--_::i - -i' : i i E ff -r; ~~tr ---E'.rf =ir 
t111arae1tiane- - IIG'L - Jj -0°1, 5 -a - o s4 i u -1 D -----1 u - ---ssfu- ·1 - 1 u 

-
~lf!?l_s~t~_-:~:- ti;r _-:_ --=---y_f-= - --2

~~ -~ ;~ 
1
~ - ~ ~ tl -- -J ~ ~~t~ --~~·~--:~!:: --~ ~--~ rn 

Et~Y£!>enzene _ _ 1,!~/L ______ -~ 0% 5 __ Q _ o 54 _1 U _1_!U ______ , _E _ 5~U _ __ _ 1 I,!_ 
Methyl bromide UG/L O 0% 0 0 54 1 U 1 U 1 U --+-- 58 U 1 U 
Methyibutylkeione- UG/L --- - 0 0% -o O ---54 5 u · s u· --- 5 u -290 UJ~-- 5 u -------- - - - - -- --- - --- - - -- ---- -----w- ------ --- --+- ---- -------
~~i1~~~:1ane ___ --~ -~ ____ _; 5~ -~ --~ ::J~-- -_Jit-=~ ;~ 2!~~ -+~---Hh 
~!i~~t~l¾,1::one ~i~ ·i ---~~F~=~=-5

~~~ O ~==~·-!1t -~1-~~-= ;~ ~~H ----- ;~ 
~~:~~~~~~"6e___ /~~;~ -- ~

1 

~f----__:_:J=~ ~ :;4
1 

- - -~ ~ ---+-- -;! ; ~ ~! ~ --fw 
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TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

- . . . : ~=-==- ~ __:J~ 
rn~.lt0·.N· ·.16 . --- . -I ·· - -.· ... -- -.~ . . . :~~s LA .. N. DFl]L·L· -. . - t~~[tNDIILL ;~~s.·--7.LA~_=t-J_~D~FI=L _=L=·-~---_--- ~. W-1~. N_[)FILL ~tffND£'r~=- ·--if f~~;OP-::~~:f- ~--- -~---:~:- __ ---- -- ::~~~~:;\ljfER_~_ r:~2u1~~~1ATER - r~t~i~:~: ___ ~_-_--+--~~g;;~ATE[3 r¾tz~:r;=~ 
DEPTH TO-BOTTOM.OF SAMPLE _____ ,, ______ - - 0 - . 0 - -- ______ ,, 0 12 - - ·-- 10 

SAMPLE DATE-----~+=---- ---J-· .. -- - "ii'i/19/2000 - -- 01/19/2000 01/19/2000 01/21/2000 ------ -----+-----

1\11t~ND ~:~:--~i-~: ~: ---~=~.~-: ~-;~1~c~ tJ\1~A ~~~R NU~lER _Nu~:ER !f HREM~~r~: ~~~I~-!~~ ~~~~DiAL DESI !~~:E~~D~L DESI ~H :~IA~ =E_5=' !f~~~g I~~~~~ 
~:~.5?1.::~ -i-:f. u~ D=~c?~~ _::~_i:[J J:=i:~~-~ DETECTi ANALYSl: N ; ~. _ -jN _ __ __ f ~ N_ ___ ; ~ N .. • .. · .~.: ~ __ , * 
~~-•,._ ~ =c:=-=-,!=- •:: -• l--- : ,: 11 , ~- -_ , ~ , "~" _ = 11~ . ~r ~-i~ 1-~1=.i rn{~ -- -i _ ~~ · ~ , " ---· - '" -- --=-=~=<-]~ i· - · " 
Beryllium UG/L 0.26 14% O 7 51 0.6 U 
Cadm-ium UGIL. ----- 2% 10 ·o.. 1 .. s1 --- ----- 0.2 u 

!i!i~~=.~ --- ---~tt- -- .- --~~ 2.:: .. --. -_-l '.! = - = Ii: 1~-= -~-- - -- -- --.~-~. . _ 
240

;] ~ --- ·_:_:_:i{ :t ______ _ 

~:;_- ---=.==rf: :~ l- '!i ~ !I 1 - I ~- - -~~ =-~I~ ~ 
~:-,:,,m -,::~ - - : ,1 :: I - --1 - J -
~{~_ "'"-r .~-;jl-': i ---t=~t. r~,-:~ =---J~FT·1,~---
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TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

FACILITY - . . . I : j - ASH LANDFILL l~ LANDFILL IA~ii=fiANDFIL.L -- -ASHLANDF!Ll. ASH LANDFILL 

~lKi;~~-~J.~ . . :f~~;m•_ (1T- =ti!~f:_ ~~~;·~_Jt~it"" 
~~•nc =-='= =~-= - -....... -== - --. -. :"~°' --= i""'"'il- _-_- ,~-,,, :~, i"""".'1=:.:. 
STUDY ID FREQUENCY NYSDEC NUMBER NUMBER NUMBER ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ---·--------·------ -- --- ·---- --- ------- ~---- ----- --· - ··--·- ·- -- __ :.._._.._ ____________ ,__ __ ~~---- ---~- -----
SAMPLE ROUND OF CLASS GA ABOVE OF OF 2 2 2 2 -?t 
~;~~~<>~~;- ~- UNIT_=-_ MAXIMU~ D~ECTION - . STD. ~ . STD DETECTS ANAL YSE-S N- _ ·- ~ ... _ .. N~~ =~-= ==-----: ~~~:~~~~-~ --~-:~~=~ ~~--=-~:-~~i ~~=-~ = ·-
1, 1, 1-Trichloroelhane UG/L 0 0% 5 0 0 54 1 U 4 U 1 U 1 U 1 U ---- -- --- - - - - --- - -- ·---- ·------ --·--· - --·---- ,--·--- - - - -
1,1,2,2-Tetrachloroelhane UG/L 0 0% 5 0 0 54 1 U 4 U 1 UJ 1 UJ 1 U 
-------- ----- - - - - - ~---- -·----- ------- ---- ----- !--
1,1,2-Trichloroethane UG/L 0% 0 0 54 1 U 4 U 1 U 1 U 1 U ---~-~-·--------- --- . ------------t---------·--·-·--------···-· -- ·-
1,1-Dichloroelhane UG/L 0% 5 0 0 54 1 U 4 U 1 U 1 U 1 U 
1,1-Dichloroethene lJG/L _ _ 0% ____ _J_ - □J- 0 · 54 · -· --1 tT · 4 9 · 1 U _,_ ____ __1 l!_ ____ ~-==:J ~--
1,2,4-Trichlorobenzene UG/L 0% 5 0 0 54 1 U 4 U 1 U 1 U 1 U 

ti&~]tt. J -ii J ! ! J J ff ~~F~~~r~~--5} 
1,4:_D_ichlorobenzene . __ U~L __ .. 0 0% 4.7 0 0 ¥ 1_ U_ 4 U _____ _1 U~---~ _ _1__'=1. _________ !_!)_ 
Acetone UG/L 4% 0 2 54 5 R 19 R 5 UJ 5 U 5 U 
--------------- •------ ... ... .. --·-· - . -+c---•f----·~rcc-----j---·--
Benzene UG/L 0% 0.7 0 0 54 1 U 4 U 1 U 1 U 1 U ------------ --·-· -- --· ·- ..... - -· -- ··-- - .. -- --·· ··- ··----------------+-----ct~--- ------ -- --

~;~!t~=~~;~e ~g;~ ~~ -~ ~ fi H~ H _ ==~ i~====~~-==j ~~=-~---=~ii~---
~~:: 0~ '_ ] l !1 i E rn -n T lL=±==H _ _ ljL 
Chloroethane ~~'=-4=-__ 0% ? Q O 54 1 U _± lJ r-_____ ! !:!..___ _____ r ____ _1 '=!.__ _ .. _ ~-!J.l!__ 

g~!!f __ :~~~:~_:~:_::~e -~!~ --== ·=-~! -- i 1! 1! E·· j~~- --1 -··11

~[-= :.~J:: J • !'~------
~?!!l0~ii·:-_ ~!1 --- • ~J :.:. ~ 'l : 1 ; j, ·· ·- · J ~, ~➔~, == ~- ;,~ -= -=~~1 r-
• .,,, .... ,. - .. """-- . 2"1. ' " - ·" ·" . - -- ,[ - - - - '" ! "'---- '" ____ _!" - -
~::~~~b~~~1~:t~ne ~g;~ ---- ~~r- so ~ -----~f--------~ -----¾~- -------~~H--- ;~J ;~ ;~ 
~:~:nechlor~d_e,_ ~g~ _:_-:::.__~:==_s -- -=i =--=- ~ -~--- -;:- -==~-=~f~ --====~:=-=~I ~ ~ ~ ~ ·---==rf==-
Tetrachloroethene UG/L 0 0% - 5 ------- 0 ----□~---54 _____ 1 __ U___ 4 U 1 U 1 U 1 U--

Toluene UG/L 21 6% SI DI 3 54 1 U 4 U 1 U 1 U 1 U 
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TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

··-·····- t· --- .. 
------

-· 11_ --~==-

-· -· - 1 1 ___ ---·-·--·L- --··-··-=--=~. ··-······- _ -• FACILITY I ASH LANDFILL !ASH LANDFILL ASH LANDFILL ASH LANDFILL [ASH LANDFILL 

tt_\:J;;~ --~:_. < __ --___ - -- iif1~/ATER • ii~:q~JT~R - il~f~_~;i~~WATER i=*_f~-~-F ... ::. 
DEPTH TO TOP OF SAMPLE 8.5 91[ 8.5 8.5 8.5 
DEPTH ros6iToM-6FsAMPLE · 8.5 ---- -- - -Ts · - · - 8.5 s.5 · - -·-a:s - -
SAMPLE DATE-. - -- -- -- --- . ......... 01/20/2000 . 01/20/2000 --- ITT/09/2000 01/09/2000 ·01/09/2000 .... -----

~ubi~r- ~:.: ,--- - . - . -FREQ .. UENC. y.· I NYSDEC. NUMBER NUMBER NUMBER. !!H REMEDIAL DESI !!~ Ral;D_l:L DESI: yg;:;~~D~LDESI !~H REMEDIAL DESI i!:~;E;~t-DESI 
------· ... ... . - - - - - . ·-··--- ·- _.. ----· ........ •·---··· " . . ~--· - ~; . ----- --· ·-·· '']': --- ... -SAMPLE ROUND OF ' CLASS GA ABOVE OF OF 2 2 2 2 2 
PARAMETER - .. -- UNIT MAXiMUMIDETECTION I STD. .. STD. DETECTS ANALYSES N N . IN --- N- --··· ----·- N- " .. - . - --- - --- -- --- - -! :; ~-- · -__ :·M -r·~_-:= ~ 1-g~- i ~ -=--if=~-:= !I 

1~1- -_t1·-·r,~,~l[: ·-1 - Jl~- E=-~~ ~n~~-- ---~lU=-=-~ifil~-=== 
~1~~:~~ ·_==i0Gil::.::.±.:.=fi.2Q[==-49~-d i al_ :25j s1! 123/J 1 !Js!J --1--- 1s.51uJ ___ ,___ I ·-s33):r --251 
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ii 1; ~ 1 ;Hlt -----~:? ~- +---==--==~ ~::===~ -_ :~=~~: .. -. 
t {1 ~ :_ ~:1 B- ---+--~===:=====+- -_ -=lit~ · --- -
51 126000 ... 173000 --J---- J----82ioor-----·-

6 : 
11 
51 
7 
1 

51 
7 I ;; 1; ~-- -. 1.; ~ _ -=t== =·--=r~~:-1¥t- -

JO!: □- 0 ~; 1;_~ ~ 5

1~ o· : _ .. ·=·-=- -L::.--·- \;~ =--
]~ 3~ -~1 _ 15~ 0 :~~30 -=--- _-:=t=--2 _=.f¥!R'k'·~4~r~ _ 

1oq1 · 
300 
25 -

3 
17 
0 51 

32 51 
·s1 5 

. o 5.1 51 13500_ 208_00_ _ __ j __ .14 . 108~Q.[-
1[. 2 51 ,;1 4.6 J _7.6 J_ _ L __ --+---- 16.~. 

I 

30~1 

51 51 
51 51 

51 o 1 51 0.1 U 0.1 U 0.1 IU 
I 5 51 17 ~- . .. _·::.1:t Q .. = :·_::.·-__ ::.!.::i: I,)_ __ -- . _:-1,fk I 

I 

1 
·5 51 

51 51 I 51 51 607 J ____ 5~_i1_L . .. _ __18~~-- _ _ _ 1210jJ 

i- 2g 4l -~~ 8t!~J---~J=-~:~H% ~- ~~- -- ~1

~r-· __ 1_i~!~:~ 

: f: - m"=f- .J --m :x-r m 
ff 50 .. 

20000 ... 

51 
-51 

1--~-~r 
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TABLE 2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

... . 1·. . . . 1 ~J_ I. 
FACILITY I ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL 

~~~~~~ONfD . . . ~:~t2NDW~TEf{ ~:c;t3NowktER ~6~D~ATER =~t~~[)~~~~ ttbtNDW{T~~ 

~AMPLE I[), ___ - - -- L __ _, ARD2119_ ARD21~8 __ ~ ARD2127- A@?_124 
DEPTH TO TOP OF SAMPLE 8.5 8 5 12 
DEPTH to BOTTOM OFSAMPLE 8.5 - s:S -+----+----+-- - . f2 
~,~!tTE --~~--~ ==--~ _ ___ .... _ ;;109r200~ ___ ~- t~ii~o~ _-.~~: ==: __ s~111r2000 __ s~111r2000 ~ .. __ _ 

STUDY ID FREQUENCY NYSDEC NUMBER NUMBER NUMBER ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI i~~r-t-""~:~":l~~ ,~: ";CT;~~;· ;:,- -· -;: ~~_::~<jf:_·-1k-~ 
: ::t~~·· -::;::c_=l_~=:3 =_:-_ - g.~I .5 6 --~ t.· 1 ~ ____ it. ----.--+----+-------fl~ l : __ -_ --fl----
i :;~~~:~~:::nn:ene ---- D~ie- -f ... --g -- - · g~ · ·· --~ g i ~ 1 g 1 0 1 t--- -- - -fr~---
~:~:~:~;;~;~~~t"P!~~~e ~~~~~~I :~-·=-~ -- -· :~~ -----~ _ t ~ f i 0 ~ ~ - 1 

~--- .=-=~~-+r~---
1,2-Dichlorobenzene UG/L 0% 4.7 0 0 54 1 U 1 U --+----+ --+--- 1 U 
1,2-.:oTctiia,ciethane·----·· uGtL 2°,,,; s -- ··- o 1 s4 1 u 1 u _ __, __ --- ---- 1 u·---
1,2~01cti1□rop,apane - .... . iiGiC. 0% 5 o o 54 i if 1 u ---+- ---1-- ..... -·. ·1 o----
1.3-Dic:hlorobenzene - - UG/L. o 0°io s o . ci 54 ... i u 1 ff . -· - -· --1· D __ .. 
1,-i='Oichlorc,benzene LJGil O 0%. ,i:t O O 54 i lT 1 Li ---1------+ ... · 1 u_, ___ .. -
Ac:etone . - - - - -- - UG/L. 1 4% 0 2 54 5 UJ . 5 lJ 5 u 
Benzene .. ---.. - ------ UG/L ·a - ---- 0% ·o:f. 0 0 54. 1 LJ 1 LJ. --+----·-+-- 1 U ----:( U----

i;;00_~ ~@-ii~~- -1i : 1 r 1- :) 1 irr :::~ ===H==tJIL=-
1_~_~;~-1! t -f i 1 ~. -IE __ f L H _ . -=.+~--=f =it-. J~-: 
ii1~-i~ ~~::j=J~_-l ;~_l i _ I . Jt-1__._dfi . j~-_:~~J~_: - i-
i~!; ~ -f ffi : i-=t- ~ -~=H_--k~=t-~-~~-n 1r=~--,== 
Toluene UG/L 6% 5 _O ____ 3L 1 U 1 U 1 U 1 U 2 
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TABLE 2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

I j' I i ·j · j '1 ! I . ! - L - I 

~J · .. -=- -== _ - = t=:---l~ +--
""= I ''" wrom . "'" """'"' ~" ~I ·. ;,,, ,,;;;;,k~- "'" W<ceb 
LOCATION ID _:· :: ___ ::.1 --- - M~:32_:__1_:__:._::.: MW-33 l - ·- MW-34 --T- -- -- MW-350·-r·-·=.:-= MV\/-36-- r --
M~TRIX ____ --·- -:=I- __ . _i GR_QUND W_!\!ER Gl'{_Q_~Q_\NATER _ GROUND WATER GROUND WATER ~SJt,J!'!.J2._'IVATER 

gr:~~:g~;Ms~~~~~PL~:=_:_ ·:·:·:: ___ :_ ---- ---}~ -- - -- --~::_:__~{\ ;~I -:~ --~ 

SAMPLE ID :! ARD211~1 ARD2118 l ARD2117 ARD2127 ARD2124 ~ 

s~~~ATE- :__:.:._:-__:-_:- -==--==- _ __ _ _ _oim9120CJ0 -_--_ _ci1ici~2000J _()110912000 ______ _.Q:1{1~_1?000 __ 01,1112000 

11r _--~i:- .;;,~,. ;:1,::J&i'i jl! ;ir: J!:, :, ""~"'Q"'-!""·'f ·"'" ~",,_:,=~"Bf :~"7°"=°'',1~"'",t"'"'' 

~!!~*~ :§~ t 1J~ · ~ rn ~~ l~ _ lL-=1=: 
'.lin_y_l_~~_ricle . _______ UG/L 2% 2 1 1 54 _1_ UJ ...... .. 1 U ____ __1J_UJ 1 UJ ·- ____ __1)U ___ _ 

~fJ~t:-:.:·=-- ---1~~ --- -_·:----- i _ 2! ={; ~~k=~=-_r---~-- 1~3r 
~~;~- r.cc=---+-- 1 bo~ - - ,a~i -~ !1 ~; l~J Y : J _ _ _ _31: ~ 

~ii:i~- !-----+----+- 1:!i 10 -~ s1 ji _ - fo20\i ~- -=A==~iJi ~: 
Chromium 14% O 7 51 1 U [ 1 U 
Cobalt -------- UGI 6%1 o 3 - si ... 'f.3 U -- 1.3 U 

~oj)eer__ -- ··-- l,!~1=. - _:I'~l 20() - ·o 17 _51 - ·1.s Li-- - - =~ T 

~~~".id~- -===-~~ .. +---~=+- - 6~t _ j-~-t 1~ -- 3r -~; - :zJ~~j 

~i~~=~~t ---- -- ~it~ = 85~ - ;!~ _--=~_-:t_~:_:·:: ~. ~! i! _1~i~ ~ ll = 111_t 

Mercury UG/L 0.14 2% 2j O 1 51 0.1 U 0.1 U 
i:fic1<e1: - . ~ -- 6.2 : io~ _ -=_ __ § 5 51 J.! !:l.. · :_1,f t9 
J>otassium '=.___ 25600 100% ---;;t- ___ 0 51 ~1 __ 19~0J ____ J_ __ --~3CJ_J_ 

~~~:~ium ~ ·-2_{ --:~ _ _J~---- g -- i - ~; =--===2:1% -J~=- ~}(jJ 
~~~Iii~-- - L 175~0~ -- 9~~ ~=~90± -_26 _____ ~ 4~1 - -~~ ==~:1~11L:_-_=:-:.t====15~0~ [_ . 

tta9ium_·--------+=~- 1:2~ ~~ 3001 ~ - s1_:_ ~; --- -~:~j~----T---HW--
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r-·~--- 55_5 J _ 91.SjJ 1 __ 20_3

1

J 

r·-- ;:~~ ___ ---Hfi=--+--_ ;:~~·--· k,4 ;~ ··-· = ,]f ~; ~-~ 
l 1.6 u 1.9 u 
. 10U 10U 10jU 
---~3T _____ ---- 97.sJ _______ J--zo.3JuC- -

1.3 U 1.4 J j 1.3IU 
+- _ __ -- =:c-·-- 4690 J ___ -- - isooo-- - --_ 

-- 3~:~ ~__:-_==---- - =-- {% ====- ~ 4~:t = ________ _____!:7/1 __________ J)I 
___ 1730 J _ -- _ ---~--- -- 125_CJ__J 

~:~;;,:;~J~-_:_:_:_-:~;;7 To'i~~L __ --~t:,:~~~J_ --
··-F"1I~w---f--· "'Hr-··-=r-~-~t!W---
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TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

_I. 

ilf;W,o,LJ~ - r~:f~, ~iiili· ~E~~-~~¥:~==~;" -
DEPTH TO BOTTOM OF SAMPLE 11.5 20 9.5 12 32 
SA~Lr~-,~r·:· ----7=~-. ::_=- -- =~==::_: -+---- o-i!'I012000 .. _ _()!f10J?000 - _ =· Jl1!06/20!)_f::_::::::--::-_~~07/2000 _______ ...Q!_f0612CJ_q_o>-·-·-.=_~ 
QC CODE ===i= SA SA I SA SA SA 

!iJrl~~iND=~=--+~T=_ MAXIM~~ l;!!;; ~iEiA :i:: ;:~~i:;s :SHREMEilALDE~L~s~R~:Ef~~~E~l-:=~~~~[LDESI_ ~~~~~EMEilALDESI :SHREMEi:~~~: 

----·------ -- -- -·----- -·-- ...... "-L .. -- -· - - -----·- - ------- ------ -- ----·----r-----+-----+---·-·-- ·----

}B1~r;if~f:r,~=:- - ~ -r~I ; --6 -~ :r ; g ; ~J --~~--=--=-¾r=---~- ---4~ ----- -~tr __ _ 
t~~$~~ii~~e ~==J_?[ ___ ~~- ~ ~ ~ J J -t _ _ _ 1 f ==-=-~ r---- -=-Ti~-=:::_-=:· ; ~ -1 ~--
1.1-Dichloroethene 0% r- 0 0 54 1 U 1 U 1 U 1 U 1 U 
1,2,4-Trichlorobenzene 0% 5 - 0 o· .. 54. 1U -------1U 1U 1U Tu ___ _ 

};~~:~~~:~~~:~ropropane ~:---+----+ _ _; _ = ~ _ _ ~ i1- -- -·: ~ -?.·r _.: ==: .. ±K--=:-- ; ~ -H-----

,~~~= i . ~;l J l J. t iJ ··· ~iL-TIL-= ~-t-~ 
------... ---··--- ··_· - .... - r . --- --. --------- -_· -· --- ---r - --- ---Carbon tetrachloride 0 0% 5 0 0 54 1 U 1 U 1 U 1 U 1 U 

~r-~~ ~:-(~1 ; lr• ~i i. · lll _1~~~~;/~~if ~1- I Jf 
Cis-1,2-Dichloroethene UG/L 28% 5 14 151 
----------- ---·-- UGIC - --• 

i
L ---·- 0 

MethyTbromTcie - ------ - L .. . 0 -·- · r 0 0 

Methylb1.1tylketone -- c· =-=--jJ -=-=-t----_ 61 - 0 ----c-+---= ~g· =1=~~iw.T -+==- ~~ I r "[~-----'"~--===~- ~~ 
0 

E ~- ,: =-t ~: ----+--±::_~➔=~:±=-= t/~r--- ~ ~ 0--=ifilT~----
Methylene chloride UG/L 0% 5 0 0 
~ene ·--- UG/L o 0% ____ --0_=_---0 54 ___ ,_ 

Tetrachloroethene UG/L 0 0% 5 0 0 54 
Toluene UG/L 2 6% - -- 5 ___ 0 3 54 · -~-- _ -~--- ___ "-

--$ 1 U 

~- 1,U-
1 U 
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TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

=1 . ~.+---t-~ 1-_ 
- . -- - ' . . - _____ J ·- _____ ______]___··-- . -··--~ 

FACIL.ITY . ··---·-· ----.=.1.--·- A.SHLAND.F. IL.L J\SH.LA·_·!!DFILL.. !-~l:f·_·LA~F~ ASH LANDFILL .- /y}._l::'.!!,_ND.Fl!LL. L_QCATIO.f'J_U:~ ____ _ __ M~-.:37_ __ J ___ "1~-:J~Q.__L_ __ MW-39 I MW-40 MW-410 
MATRIX GROUND WATER GROUND WATER GROUND WATER GROUND WATER GROUND WATER 

lftii~ii~;{~p~: ---- --- ~~~21~{1:f- -<=~=~~------ ~~~fo::~- ARD2108:~ --:~~~~g•-
5t1c~B~J\,:E: ______ _j. ______ __ ___ _ _ _ _ _ _ ~~10~o~°j _ s~,~~=J~-:=~ -s°J~!.2000 __ s~10712000 ---~0612000 

STUDY ID FREQUENCY NYSDEC NUMBER NUMBER NUMBER ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DES( ASH REMEDIAL DESI 

~l;;= · ~=~~,~~~~1,~1~~rr~ ~~-~=JF ~~i~ =; r •===ir~-
METALS - -·- ---tc-c-=c---t---·-·---- -------- -- ----- .- ---·--- -· - --- - ·- ·-- -- ~--~~-~~-+--=+c-~--+------~-

l§rr,inum -__ UG/L - -7700 -==~ -~~ ____ J~-.::..-= __ :-Q _ 25 ___ 51 3.9§ J__ _ 80.4 J 15.5 UJ 15.5 UJ -~_l)J_ 
!,nl1m_c,ny __ UG/L __ 4.5 _________ 1_?_'!&_ _ _ _ __ O _6 51 202U 2.2U -------~2U 2.2U _______ 21_1J_ __ _ 

!r -- OQC ==-ill -l·l.-~,,:1 J '.!Jl.·-.·- J1i.-... Jt ~-Jr Jl~ . =J1i== 
Chro'"!'ium ______ 1~ 50 __ O _7 51 ··----1w ----~U ___ 1U ~-_fl_J ___ j_ ____ 1_lJ ____ _ 

~~;%~~ ~~~-=:~!~ - Wo .~ j JL:,,:.~J~JL _ ""' __ :1il~-~~ -----~}~t~=~~-- :1t~ t= ~-;~t~~~~ 
1r,-- ~1 ~ .. '! ~ r ~~~ =le']~ ~~ir~_= ~1tl--<]: 
I:Jt'"'-- ,, ;~ -·· ;g1. : : l1 t --Ht -· "rn,---- -'llh--t JJ~ -· 
Sodium 175000 ------ 90% -2oo[t-- 23-- 46 ---51 -r--6750 - - j_ 7400 13900 ·-··,rr:,·,·-•~~ -

~;~;m UGI~-- ---1~ ------~-OE~-~-~:_=~ ~-sir --1~ ----- ~~1~~~-.::_~jJ~- :1~---- 3:~~ !I~ -~-~--t:itr=-~-
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TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

FACILITY =11 · ·-r ASH LANDFLL · AsRfomF!LL ASH LANCJi=iCL =-_: :s~ ~:F~L~- [ASH LANDFb. -
LOCATION ID - - . . M\/1/420 l MW43 . MW-44A - ----- -- MW,45- -- - - MW46 - ...... -
MATRIX - _: ~ - - --.,-----i- GROUND WATER - - GROUND w~TER GR.OUND. w~TER GROUND w~TER . · GROUND w~. TER 

g~~:~g;g~~Ms~;~PLE- ARD2109j~ -- A~?10~;f =~[J!1}5j~·- -=~~:~i~----·-~= ~i'.tf~=~=~ 
~~;~~iA:E __ . __ -·- ___ _ _ _ _ .. . . _ .. s~1oi12~0 - ~7osi~o~ot_~-=. sif~?~t s~'Q§'~ ___ ~108120001 

STUDY ID FREQUENCY NYSDEC NUMBER NUMBER NUMBER ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI =;cs~J~~ ;,,;;,: "'~: '~~ ':~:, ,J{": ~~s:" : " " ;r, " :~ -· ;~ " -)~ 
1,1,2,2-Tetrachloroethane UG/L O 0% 5 0 0 54 1 U 1 U 18 U 1 UJ ~ 
.. ·---------------- ------ ----~- . - -- --- ·----- -----~-- . -···-------•-·------
1,1,2-Tr!cl1J?:<>~tti~ne ,_ .. __ U.§!~--- Q Q% _ _ _ 0 0 54 .1 U 1 lJ 18 U 1 U _ _ 3jU ___ _ 
1,1-Dichloroethane UG/L O 0% 5 o o 54 1 U 1 U 18 U 1 U ~U 
{1-Dichloroethene UG/L 0 0% 5 -- -- 0 0 54 1 UJ ... --- .. -- 1 u· 18 U 1 U 3 U 
1,2,4-Trichlorobenzene __ ,_ UG/L- 0 0% - 5 - - □ - 0 54 1 U 1· iT 18 U 1 U ·- -----3U 
1,2~Di~<>rn<>-~::C_t:ll.c,r<>pr!lean_~ UG/L _ 0 .. ·□% 0 O 54 .i lJ - -- - .. _ .. _ .. _ 1 U - - _ .~ lJ 1 ~-- _ _ _ _ --~ lJ_ .. __ _ 
1,2-Dibromoethane UG/L 0 0% 0 0 54 1 U 1 U 18 U 1 U 3 U -------- ----- ------ ------- -- .. - . --- -- -- ----------------- -------------

1,2-D,chlorobenzene UG/L O 0% 4.7 0 0 54 1 U 1 U 18 U 1 U 3 U 
1-------------+----+-- ---- - . -- - --· -- c----t----ct~--,t, .. ·------ ----
1,2-0ichJoroe!hane UG/L 3 2% 5 o 1 54 1 U ~U 18 U 1 U ·i!U 

1~~-
1
:~ -- !~--~11 :: 1 I t lt it :~~tr-~~~J~/;11=: 

!:t~~~-Jt ~ : ~ . ~ .. ! : ~ - =ll~ i ~ 1_ j~~~ __ Jt~ , __ -
~~~~{in:ometh:~=- -1~~ --- -~--- -r- ... ~; -=· ~ _f. . .~ 6 ½ ; ~ --.. 1· ~ ~ .... -4¾l-~--- --==i=--- -:..=- ; ~ -- -= 
C:hlorofo_ITTl_ ______ _,lJC3[L_ . ____ O _, ____ _Q"./4 I O _O 54 1 U 1 U __ E __ "'38 __________ 1~J •.••• ,.,,~]JU_ 
Cis-1,2-Dichloroethene UG/L 980 28% 5 14 15 54 1 U ,., ';'o .·",J'!O: 1 U H4fc-(iw<:;4?, 
~i~-I;:~:[)_'.C~~oroprope!'le=-- UG/L - --0-= ____ 0~--- -5 Q O 54 ·:1u ··~···1a_U _____ 1U _:i·~·-·~~====-
~~~l~i~-~-~!... ·r-·-----~ 5 - ~-~-- ~ E ---+-- .. lJ~-~-~ #~~ --1~--= ----=-~fu----= 
Methyl ethyl ketone UG/L 50 .... ·-- -0 ,_ ____ - 0 54 5 w·- - - 88 U 5 U -- - - 17Tu--
Methylisobutyl ketone UG/L - _-__ 0 =-=-~□ -= ~===-~4[ ____ - --+----5 U 88 U 5 U _::--::_ __ 1'!,_[Q__= f~~:l~:::~o~~~----- ~~;~ ------=+---~c+· .. ·~ :==--==-~·::·=--: ~[ --W·· : =-- !: ~ ! ~ T -if--
Toluene UG/L 2 6% 5 at- fil 5Jf 1 U 1 U 18 U 1 U I 3[U 
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TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMU~US, NY 

1 I - j i 
- ·- --- -- I_ --- - ~ ---::j0-J __ .. 

-- --- -· - -~- ~=-=-=-= ... ~--=-~-- ---~--~:.±-=~~~ --=--=·--=--·_- __ ~~ -~-

FACILITY . ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL 
L5l~l\:t@N ID ---- - - :-:: Mv,.,_~2[)_: [ ___ ~_::-:: ¥~~~=-~-=- MW-44A·- MW-45 MVV-46--T =:~ -
MATRIX GROUNDWATER GROUNDWATER GROUNDWATER GROUNDWATER GROUNDWATER 
~MPLEio- ----- ----- -=-~=--- ___ AR□21:6iJ. _----=ABfJ?_1_o~:.: -=·-·_::···1AB@!~~-~:-.:___ ~02112 ---- J\_RI:!_2_1_1_3 __ ---

oEPTH TO TOP OF SAMPLE 3~ 6.5 ~ 12 7.5 9.5 
DEPTHTOBOTTofiOF SAMPLE ------- --- - -38 ---- 6.5 - ·- - -- 12 7.5 9.5 
SAMPLE DATE ------- ------- .... 61/67/2000 --- -·.- 01/06/2000 ----- 01/22/2000 - 01/08/2000 01/08/2000 

OC_g()[J§ _------- _ _ _ : ·:-_: :=.. _ _ SA ::_--~ __ :_ -__ - s~: .. :-== : ___ SA ·:::-=._ SA SA -=-r----- ~ 
STUDY ID NYSDEC NUMBER NUMBER NUMBER ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI IASH REMEDIAL DESI 

~~-~ .. -. ·~'.~]J~!,i:,1 ... r:,E, ii-;•_~j(~/,:"-~ ;=--;➔f ~·lr. 
~~-.- ~ ~~~t~ l -· ·1: :! ~,_1

_ ~~-~--~ -~-=~==-_~ t-::=-{if_l:__L_ ~ t: ,:~,2~%~~;,~- ::. 
!~::~;- - -+---+----~- ~;~ ~ __ 2~ ;~ 1-~:; ~J ___ 1t; 0_,1____ ~:~'!;___ --=-1;; uJ-_. :__ 
Arsenic - - - - ·--- -- 22% . 25 o 1 f 51 -2.5 ,r ---2.5 u - - - -2.-8 J ----- - -- -2.5 u --- - -

!i_ -~ ~:~~:~_ ~,: 1~- l ~!i;~ ?,~f--::. 11~ ~,1~ =~~~ ~ 
~::.- "~,l >! _j .l :i ll Jr - ~1:r -~c+c-----:_-_-__ --+,--- -~~~}if 
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FACILITY 
LOCATION ID 
MATRIX 
SAMPLE ID 
DEPTH TO TOP OF SAMPLE 
DEPTH .TiYsoTTOM0F SAMPLE 
SAMPLE DATE . . ~ 

QC CODE 
STUDY ID - -· ···- - - . . - FREQUENCY I NYSDEC 
SAMPLE ROUND--. ·--·or=· CLASS GA 
PARAMETER ··---. -- UNIT MAXIMUM DETECTION st□. 

TABLE 2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

ASH LANDFILL ASH LANDFiLL if H l.AN0FILL - . ~YU\N0FiCC- .... -- ASH LANDFILL 

:';::,oJA~• :'o'JtJ=.1JotJ,J~ ~l~~J-; : ~~,;J~• 

N_LIMB1::k}··Nuf1~E.R[ NLll\,1 . .E3 .. ER t;;·:"j~@ ~~~~.:.!~L"~~l~.;;~~~~;~FI~ ~~~ I.!?1,~ 
ABOVE OF OF 2 2 2 2 2 ·sm orri:cTsANALYSEsN • N · - · ·-·-N - - -· N --·--·-----N- -

ITf [Sae i~ l E ~ ! ! E l ~, : ~ I i¾- -=--=~~t=: 1 i ! --
!il!!'.::_~~ "G" ,-_~ -1-- i- _J E rn ··-- -i~-t=- J- 1r -1 
jij~~;;_ - --{~-.]l·····i ! _[ --~ lf _;t-t-=--/l - +-~~~,; 

'!~nz-t":-nee--·= ~·-....-._-_-_--_-~~~~~~L- -- -~-l-- ~J · · ~ -~J 54 - ·· 5 U · 5 UJ ·t~ _· __ -_·=5rU~J~_--._--+_--.. -.----.-__5 UJ === ---::-::_..:_-s DJ 

Brornochlorornethane UG/L - --0%~ _ ...... t.. . .~,-
0 

·~ () .. -541 - 1 iJ- l 
~~I~-- :~~}~~J l ! ! E I ~l_ [-= J =-:_;t-1 --lt 
j~~%r~:~e- _ a_ __ ~ .. __ j =-==i~-~ · ! _ ·~ t ] rn= ~~-~~ft -- -- jf----- ~I~ J -·-·~jt~. 
IMethylbutylketone UG/L O 0%··--·-- __ Q ___ ()1-- --5.". SIL. ___ SU SU SU ·--·-1LI __ _ 
j"'1~1!1ylchloride UG/L . O 0% ·-· .~L .. Q _ () ___ .--5.". __ .!~ ·----UL ____ . 1U 1U ...... .!.U_ 
l~~~y!_e_t~ylketo~.-·--· _LI§!~-·--- __ __() __ ·---~-- 50 _o~ _o _ _.

1
?..". _ ~ 1='.__ _._.--5. U SU SU . SU 

Methylisobutylketone UG/L O 0% -· ·----·----()~ .. __ .QL__._ 54 __ su ... --r- SU SU SU ___ su ... 
Methylene chloride UG/L O 0% 5 0 ~ 54 2 U 2 U 2 
Styrene -- - UG/L O 0% ·-~==-=----0 · O · 54 · .~:.. · ·-=}ff-=-·~ -a __ !__I.)____ 1 
Tetrachloroethene UG/L O 0% 5 0 0 54 1 U 1 U I 11 
Toluene UG/L 2 6% , 5 0 3 54 1 U ··-·----~1+U~----tl---~1-b-----+---~+c-c-----+---~.fc' 

----- I~ =I 
I u 1 u 
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FACILITY 
LOCATION ID 
MATRIX 
SAMPLE ID 
DEPTH TO TOP OF SAMPLE 
DEPTH TO BOTTOM OF SAMPLE 

~~;~~EDATE _____ J ____ _ 
STUDYID ------- -, --- I I FREQUENCY 

TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

I
i j! -----t--- --

. •-- -------------- ~ -- - _- -- --- + - ' 

ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL 
MW-48 _ L _ _ _ - rv;~-4~~_:__r: _ _ _ ~w:soo - r -~- MW-510! _____ ~:52□-
GRouND WATER GROUND WATER GROUND WATER GROUND WATER GROUND WATER 
ARD2111 

1 

_ ARD2134~~-- _ A"@?135_r=--~~D2~~2 ---- -- AR[)~!43 __ 1 -__ 
9 5 26 50 ---<---- 28 50 
95 - ------26 --- - - -- 50 28 ---- 50 - ----

01/08ti66Ji - 01/18/2000 -_ .. - _Q1!18/200o7 - -- 01/19/2000 01/18/200J-l---= 
SA SA SA SA SA J 
ASH REMEDIAL DESI ASl-fREMEDIAL DESI ASH-REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI 

~t~i;iiND UNIT -n,AXIMUM □Efg;t10N CLASS GA ABOVE oi= OF 
NYSDEC i NUMBER NUMBER NUMBER 

l>'-~~~ -~-f t-~;---ff ··:~ 1~ Total Xylenes UG/L- 0 0% 
Trans: i ,2-:o,ci,1oroethene UG/L 2 - - - 4•\t-· 
:i:rans:J_,~~c~l~roprop"~- UG/L ~-- _____(l'l'o 
Trichloroethene UG/L 760 28% 

~;~ ~ iil~~,i 
Beryllium uGiL- - ---- -□-26 -- - - -14% 
cadinTum uGtL - --- - -2o/, 
Calcium UG/l - -- 100% 

Chromium UG/L 14% 
Cobalt --- UGiL- - --- - 6% 
Copper --- UGiL- - -33% 
cyanide -- --- -- uc;/L- a% 

i:= If _ "' ;~; 
~er_c;_ury_ _ __ ~I_L __ L _ -~:_!4 _ _ -~ 
Nickel_ _ _ [!GIL _t __ ..§:~L _ 1_0_o/o 
PotassiLJm ____ [!~_L _ _ ____ 251300 _ _ 100% 
Selenium UG/L 3 2% :~. ·--~- --~l~f --j. 
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STD_ STIJ. - ClEl°_ECT~ ANALYSES LN 
5 0 0 54 

- s 
5 
5 
2 

-~ - 2 54 

25 
1066 

10' 

so 

200 
_ 166[-

300 
25 

300 
-i 

6 
8 

0 
6 
0 
6 
0 

0 
0 
6 
6 
6 
0 

14 
ci 
0 

2 
0 
0 
0 

0 
15 -f· 

25 
6 

11 
51 
7 
1 

51 
7 
3 

17 
6 

32 
5 

51 
51 

5 
51 

_ 1_ciL_ io_ 50 0 

}9
00!. _ = ~_?% =:-=_=--~-~ 

0 4 
300_ 1 51 

"54 

54 
54 

51 
~ 
51 
~ 
M 
~ 
~ 

~ 
~ 
~ 

~ 

~ 

~ 
~ 
~ 

~ 
M 
~ 

51 
~ 

~ 
~ 

~ 
511 

~~~L Jl: I ~ Jt _._ 1ff ~ 1~ __ 
36§-~- . )_3_~ J ---__ 119 ,!___. 90-2 J - -- _?_?--51~-- - ---

0_1 u 0_1 u 0_1 u 0_1 u I o 1 u 

6.2 D - - ifi-Li t- - o.z u 0-2 u -- --□.-21u 
90_100 I --- §160 - - - --_ 54100 - ---~ 86100 - -- 5900~ -

,~; r -•-•-~-~ r ~ ,~f -~.~t--,~~~-
1 U--- 1 3fU - - - 1_3 U - 1 U ! 1-3fJ 

_11fL -2~~j z~~of==~-==~==~~~~~---~-=- :::~=~~1~~-=--

'~ t -- .• -,~11 ,!;t _ ·-_ ~-:;,~.~~ ~ I =: ,2lr _ ~ 
>~k I---JJ~_ ~j -- ~:; ~L--Lv_,Jtfu~~-~-_J :_.:--~~~;_ J~_-J -_--6690 8970 19800 m,--,;c.b-'t•vioo. -s -'161000 J 

-3_2 ,T- - - ---~ u 3_2 u ·· - '""''':i2' uJ -----· ,,,, ':i2Tu __ _ 
- -is u ·1:s u ----·:i:s u - -----2-sfr-· -
-----4J--T----;i:sY - -----75Ti 
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TABLE 2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

i 

FACILITY _J··. ASH LANDFiLL ASH LAN□FiLL jASH LANDFILL !ASH-LANDFILL. ~-SH LANDFILL 

~i~~~bN ID - _ ~ - _---_ ~;~~ND w~TER ~~'c;13N~ ,JTER ~$ioJA'rfC -i~G:~~!-:J~'=~~ ~- ~t~~-;-wkTER. 

~~f'L~JQ ____ . ___ ---· ARD2147 I ARD21_4!5 _~ ___ ARD2137 !\~1136 _______ ARD2130 J 
DEPTH TO TOP OF SAMPLE 9 9 25 50 6 
DEPTHTOBOTTOMOF.SAMPLE 9 --9- -- ---~ ·--·- ---·-so ____ ·-----6T 

~~[iATE · -· ______ .. . . ... ... . .. ___ DoJ12012000 . ~11/20~~0 ·_~-::~ ~~9.Q __ s~,18/2006 s~111120QQr:-· __ _ 

STUDY ID FREQUENCY NYSDEC NUMBER NUMBER NUMBER ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI 

E!~£~ "':of' ,fiff,~J~~I':~' ,J;,;, ~'.fses , '.I: -- , ·· ' .. ;= ~~-::_• _ '_ _' =~-= 
!~;= .... g-_ l -td. J •. ~ J_ =;J~- ---1l.::_-===~r--ir 
~·~"'."::.~_121c>~o~of'"ne UG/L 0% __ o/ 0 _54 _1 U 1 U ->--- _!_!:!._____ 1 U ____ _J .LJ_ __ _ 
1,2-Dibromoethane UG/L 0% 0 0 54 1 U 1 U 1 U 1 U 1 U :=.::,,; .. _ ::;;: _1__ _ _, .. · ····[;; •; -1 : -~ : ~ = f ==~:r - :::--.::_ .::_-:: :.::_ 
~r:_::-1 t-J== §I :: 11 r ~1-E ~1-~---_~,1~ =+==tF~==-~,=~ 

. 1 U 1 U 
1U ~1+U~--t-----

_____ 1-+U__ 1 U 
. . ___ , , _ _ _ 1 u ,.. ·~1=u __ __,_ 

rnt;~~~1flm.ethane- -- ~W,F=-=-=--_-r -::--=i~ - sj ~_-l· - I . ---~~) . -H~ -=- J == =-~~- -----·-. H-----·-== _ -. ----f 1T---- --------.. ~1u.u .. 

!~i~: .. -- ~t~ ~ -==l,~ f t:---1~ _t=f~. i~~~qf ~I= ~t ~::::;;:.;:-- :~ =- :.l t_~ J~, l- -lii; __ c___ ;:;--= 11 == .=::=i 
;;:!~~f::n~. ·--+=cc-~-+--- :=_j:! =-=!C~ : j, : - i=- ~ _: =1- . H H =-- {[~:-= ~= , ----! , ~ib·-3+-----5-4+---=l- rn rn rn - i 
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TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

j 
I ·- i= ~--

1

: . . - _ _: --+ : _:_: =----= 
·. ·.. -·-· ... .. . =J-:.-:T.:_=- -=---• .. _·-·I 

~l;::,:J~-~ ~?~.:-~~:._~;:. ~1::~ iilif;f---= 
DEPTH TO BOTTOM OF SAMPLE J if 25 50 . 6 

!tf5gt~~~-:--=:==-~- =·----- -- - -. - - - ~t/~/2~~01 - -~- J1/~0/~003~ ::-~~ s~2000 s~/18/2000 . s~/11/~~r~--== 

STUDY ID -----1~ NYSDEC NUMBER NUMBER NUMBER ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ,fi;=· if_ •-=~'~i-~~!°~~r~~r ~)
1

! ~~~]:\- ~-, __ --j---~~T:~ 
Aluminum UG/L --+---+-- ~ 0 25 51 34.4 UJ 1410 J 7700 J 
Biri,l)ny ----- U_G~---- -: r T~ =- ~6 51 :~:z-u ---~- ==-2? U 3.4 J ?-~IJ __ _ 

S"l ~! - _,., ,el\~ JI :; l) ':-it - -:·: ,';;~ ___ -:--=i;l s~i~J 
17·- -_j~ ~ , 'f .::1.: i '!-=il '~K I ··-· -·····- ·•·_: ~2~~ =~-106-~i=~~ 
[~ ~-=-71.~-= ?~ ~-=! ~t ;l :1 f j '~ f l d1k=t= ~00 _: $~1ti-~]W ·~~ -._ g~ ~ ,J 4 l 'l ii ;H l -rn -~N ~- ~~;-~ --f~i -.-- -- --_JL_ __! ___ ---1· . . .. -·-- -- · 1· . ._;tc__ ---------- ----- -. -- -1-:Yf_·.-·-- .-.- --. -.. Jr.. __ P~assium UG/L ~2~~00 ___ _1_00% ~ 51 51 951 J _ __ 9_71jJ_. _ _ ____ 2430 J___ __ __ --~J__ _ __ _ 3~3~v 
Selenium UG/L _____ 3 _ _ 2%1 ___ _ ]O O 1 51 _____ 2.2 U _ _ ~-?]LI____ _ __ 2.2 U__ 2.2 U _ _2-21U __ 

~ilv~r___ __ _ UG/L 28 __ ___3%. -· -. SQ. _ _D _ 1. 5.1 ••.··.•·.···-"•': .•. ~.3. lJJ_ .···.· ____ 1.3jll_J __ ''.·.·"··.•.·~··.".1_,.-~ ~- .-.·.·.• .. -.·-.·.•.·--·=.~.1""".:3.['=1-!___ ---· . ____ ],3~Ll_·.J -. ~~~;h;m ---~~~ 1750:~ __ ?¾~- zoooo 2~ 4~ ~; ·-_,;,:;:~:J~iluT- --· - :22~gL:fr---- · 1"'y:;2~lu ___ :,;;c:;c1·!0,,~;u -- __ !3t~u -

~~diu~--- - ]~: 1~~ 10~~ ·=:-~~~I ····~ ~j --i~ --=-~~w -= = =-~~I!f_---~=-=-F---~~:~~-- 1~~~ =~~lj: 
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TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

I I 

..... . I . . .•.- ...... J 
FACILITY i ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL 
[_OCATiON ID MW~57D j rll'N-58[)_ [ _ -- 1,1i,,\/j~ : L_ _ MW-Bo=x_--=::_- P_T=10_ L 
MATRIX GROUND WATER GROUND WATER GROUND WATER GROUND WATER GROUND WATER 

;1p1::;~:;t;~ . ---- -· ·- ·- . ... -·· . ... ... ;::~: .. -... ;:,:~J-- . ;::J- ;~--- ;~ :_ 
:37"-IJ[))'i[J__ __ __ - - FREQUENCY NYS_DEC _ NU_M_E!ER _N_UM_?ER NUlvlElER ASH REMEDIAL DESI ASH _REcMl=DIAL DESI ASH _R_Elvl_gl!AL DEcSI -I1<_:3_1:!_~lvl_~DIAL !)ES! ~SH R-EME[)L'l.l_ DE_-SI 

~1._;_., ~: ""'™": ne-.fc'.n: '~~ ':g'
0 

"::;'": ~:,: , : " • T " ~I~ I•~~ " :1, 
Hii.~':":~ i~:= __ :f J~ : : : E _: r ~- I : tJ= -: r- =1Jt 
!,1-D]c_hl~~eth_ene ___ UG/L --~--0 __ D_% ~- _0 0 ___ §4 1U _______ 1U -~U _____ J ___ 1U _1_!-1 __ _ 
1,2,4-Trichlorobenzene UG/L O 0% 5 0 0 54 1 U 1 U 1 UJ 1 U 1 U 
1,2-Dibromo:3:.Chloropropane UG/L______ 0 0% - ij a --54 1 u 1 u 1 UJ ---+-----! 1 u 
{2:i:5iti,omoeiharie - - uGiL - - a a% a - a 54 1 u --1 u 1 u ---- - -- -- -1 u----- --
i,2~oich10,oiien:Zene i.JGiL-- 0 0% 4.7- 0 0 54 1U ·1u -11w·~--+---=-----_-_-__,-:_-_-_-_-_-_--+.----1u __ _ 

i~.~=l~ t-~! i l ii J ~_Jl \i-=----1!-= = )t-
Bromodichloromethane +----::_:-::_-::_-::_-::__+ 0% 0 0 ___ 51 1 U _____ 1 U _ __ ____ 11:!__~---- _J ___ _ 
Elr~111o~orrn_ -- _ U(;/ _ 0% O_ 0 _ ~4 1 U _ _ __1 lJ 1 U I -- _ __1jlJ __ ---

§~*~~ f..t~lt,ide ~~;~ ~~ s· -:;- gi -t rn ------1 u- ---~ ~ -+----=iw---
~[i~~f~~~~~ane-----B~t ~~ ~ g i -t ; u ~--~-_-:3-Q ~~==}r==-r~~"~~Hl[_~_ 
Chloroethane UG/L 0% ~- 0 0 __ ~ 1 U _________ TI~ ______ 1 1:!______ ___ _ __ ~[!,J_ 
~~~9_!_onn _ _ ______ u_~---+--~=ct- ----~ 7 _ _ _o _ o_ 54 1 UJ _ __ --}f _ __ _ __ ~ 1:!_ ____ L _ _JjtJ 

§irH:b➔~~l~~:~::i.,:-.:: i/~1~---- =-: ~-2~~ - ~ 1
~1 J1 

- -t _ 3 ~- :_ =- -- -: 0 _ -___ -1 u _ -- - -- -1llY------- ::_~ Jli.:: 

i!t~= I~- - 1 ~ _$1-f ll J j a f di-~t1-1t --------- - -~ : : ~ ; .. -.. ~ ' -;: - ~~- - =J~ --- : : :': ... f:;- -
~I ~~l ___ s ____ ~I- ~-----t·----_::i~_::-_-:-+_*___ ~:~ ~:~ ~:~ 

UG/L 

I UG/L 

---+----2+-l---6-%-+I t ¾ 31 541 11u I 11u 11u 11u 11u 

UG/L DI 0% 
UG/L 
UG/L 
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TABLE 2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

FACILITY. 
LOCATION ID 
MATRIX 
SAMPLE ID 

~~;;~ ;g ;g~:Ms~i~ -- :- =] -=--=l=--_-

ASH LANDFILL 

MW:~7D L __ 
GROUND WATER 
AR62131 

is 
- 25 

I 

I I i _ , _ . J _ 

-- -- I __ =:: ___ J I -___ :_: =:- _:: I :_~ --- _ 1 -

- -- ----··--· -- -~----- ----- ----~-- - --···· - :: - ==~-J :::_::~J~ 4 
ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL Mw"-sao - MW-ss·- - - - MW-60 i=•l':io- -- - -
GROUND WATER GROUND WATER GROUND WATER GROUND WATER 

A~~~~~~i- ~~~~-- ~[)2105 ;f --==t~~04 ~ --- ARD2101{§t-----

~~~~;iATE ___ __ __ _____ - ____ J-_ - _ 1 ____ - ---- . ---
~;~~~DRQ_UND ---· . -- --- - ---- ----- _F:RE~r~_y t~§~~ ~i;otiR NUb:ER 

PARAMETER ----+-~ MAXIMUM DETECTION STD. STD. DETECTS fo1a1x--;;ienes- --- o ---o-% -- - - - s ·- - - --a o 

Trans-1,2-Dichloroethene 2 --·---- - - 5 b ·2 
Trans:i~:Oid1ioro-propene O ---+-- 6 -- 0 

-. s~11112oooj _ . ---'ls~11_1t?_Dql------ _ s~10112()_00 s~tomooo s~t0f312000. 1 

NU~lER ~H REME?4L D-.Es1_ A~BR_E._MEJIAL .DE.~sT .ii.sf:1:BE1>1~f'AL DESI ASH REM~IAL DE~_ A_s1:1 fi~~tJAL DESI-

- YSB j, ilf-=r~-:1: ·. -7: -F- - ·. 54 
54 
54 

-54 

l U 

1 U 
1 U 

1 U 
1 U 

·1 Lf 
Trichloroethene - 760 28% 5 --··a -- --- 15•-
y_i~ch~oride_:-:==-- 25 --=-=--2%j _____ 2 1 · 

;~2:;- --- 7:c~ --=:=t~I-- --- --- ~-~1-- -- 2{ 
~:;u.t~=-.- -=--~;; ---~: ~;~:r 10gg--- . ~ __ ·· s.

1
: 

~11~~-- -=- -~~[ 10 - ~ . -~ 
Calpium 100% 0 51 
cfii-amium -- 50 o i 
catia11 · - uGtL 6% · · a 3 

~if I~e~--=~ - -_- _-~ii-i~ --ii~ -_-_-lj l---- 1j :j 
ii? ~,-{~ "·- --~ ~ i lj 
Po!assium __ ]I~- _ __156_00 100% _ __ __ ___ 0 _51 

!i~i;==------ _-__ -__ ~t~- 1750

20r-- ---- 9~~ ~i~Jr~ __ 2ll- - 4i 
Thallium UG/L 7-4 0 3 

~t~acii~:=:~~---- --~ 1~~~ =~~ --s1 
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54 
11u 
1 UJ rn:=:-__ -:L -~Ju __ +------+'---.- -----.---

1IU 1 U 1 U 
1 U 1 U 

ii YH · 1 ·-__ -
3-~)1f _- =_ :~:-~=~H~-----+---15

_

5

UJ -=;_Ht 
51. 71 ___ 4. J- _ _ _ ~_9ilJ ____ ?4-2 J _____ 17~ ,1__ 
51 0.1 U [ 0 26 J 0.1 U 0.1 U 
s1 0-2 u - - 02 u -==--- - --~ u·-

- 51 3270 j 5450 ---~---+- 82600 
-51J = 1 l] _-_-_-:= _-_- -- _ 1Lu - _ _ ____ ! u ____ ,__ __ c-c-1~----1 1.1 J 

ll :,!! -_ -- ~.:\itt 1~:--=- - -:--:~ ~ 
!!-if J~i~t . ·· 1 ~~~'i~~}~t1:.-1t 
;: .: ,:o:1j 1 '1t•_,.'.,;f j r__ ~ j - l -~ i 
!! ~,--

1
j!l~J ~~t;;:i;~~l ----f,cx+,~~ --- --

1
::!ifu~:-=-v:~:;:1~/ 

51 ' '32uF==l-~-~32;'UJ -~',:;,,,tz'u - ,_,'_iz[D 

-~ ==- ir-=-F~~ -.-:-:_r ~:~ ~ -- --➔-i 
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TABLE 2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

(~~~f N ID . . . . .· 1.• J · ~t1~:02~ER it1r~0

1:ER it 1t:0J!~.~· ·· !!1t;0;t~i~:~ i,:~2~R 

~:~~,o,oe""'"' _ -·--·-·· _,,,,. AAmm :j Mm,,,~ ""'"'~-.-··· Af3P.2~j\f-

~Mfi°L~'=!~ = rn,se.e.sv -,sos, - '"""' ,, • .,, J;::"' ""' ~:::::~ 0e;, ~;=,~ ,ss, !:::~:~ ~::L~, ~.,'1.i.~. fl~ ~.,J,;'"~; ,~~~ ~,1o~: "~'"; ~~~, ; : , ; ~, 1;;=~4r~ ~, ~1~ "-j 4L 
1,1,2·Trichloroethane L O 0% O O 54 1 U 1 U 1 U 1 U 7 U 
1.-i~ojci-iioroetharie···-·- -- 0% s· 0 0 54 1 Li 1 U --· 1u·· -· 1 U ····-··11T 
1,1•Dichloroethene . - ·-· 6% 5 o ·o 54 1 Li.. 1 u·-·-· ·---·-1 u-· ·-· - 1 U 7 U 
1,2;4.1',ictiforobenzerie . . - ·-0% . 5 .. o o 54 1 OJ 1 u ··-· ~---·1 u-·· 1 u ·- ··--· 1 u---·. 

liiif - -1 ,J- I ! ·-~ ~ff -1J[_ :~J;-~-~1,i- ~it: 
E:?::==~-~~ l . .:_·~. ·~,I ·. ~:;[ i i · ·i · ~l~~ · .~~t~~ ·=.=L_-.:..·=.:: ii·~.·=~=· :.~·. ·-t·I. J-- :==-1i*=--= 
Bromodichloromethane···· UG/L .. o ·=.=~~t .:I O O .s4/ 1[Q =J1u·::::.J=--...=..::::nc==-·c:::-.·.=ifo·---l---7)u··-· 

0 

:~~~:~~:~ride =-=.:.~ + .. ·tg ~===· 
hlorobenzene UG/L --j 0 

g~;~;~~lt~~o~~~e= ~{t-= .·.=.-.-.::::~ ·:.::=::::::~~ .. i.:.: ·~1· . . ~j ti.-. . ·11t r·. .. . {j~···::J :.::::=~==r==·· ~ ~ j=====wr: 
Chloroform .. ·········uG/L .... ·······o ··-·· 0% . :u..· o· ·bt 54 ····· 1U . ···1u·j· .L.--~~-·····J·- ruJ ----7u-···· g~J~~~~~~~f~:::::_~~L --~~ .JI:.· 1;] . .-:1~r ·54·-· ·1u .... ·-····-L···-·~··· ............ n ___ -·----·-
Ethyl benzene F.=cc---+ 5 
Methyl bromide 

~i~.;~.ii.;;::~~=:. ----+-- ... ~·w~~ . ~ .:.:·.~--.E~~.::.··su1
:=·-··1· ~·1~ ~ -F-··~r··-~==~: .. -½~~··--L-·-lf=···· 

iit~---~--+- -t _' ~::l-= ~-.·.- ~~lf- l! ;; :it 
~E'.?ethene O -~ __ _24 -· ___ . _ 11u 1 U 1 U 7 U 
Toluene 6% 5 O 3 54 I 1U 1J 1J 7U 
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FACILITY 
LOCATION ID 
MATR!iC 

I -

TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

----· ,. 
ASH LANDFILL 

· · ~1LNo whER 

I 
i 

- -·" _ _r •• J:- . ·--
ASH LANDFILL ASH LANDFILL ASH LANDFILL ASH LANDFILL 

'J5T~is - L PT~15--i::_-·-· PT.::fs·--,---PTT7 _~--
GROUND WATER GROUND WATER GROUND WATER GROUND WATER 

~~PLE_lf.l__ _ ___ J____ AR.02107 ABD21}3-

1 
ARD21ff _ ARD2125 ARD2149

1
.r __ 

DEPTHTOTOPOFSAMPLE 18 . 0 .. ··g 9 ·--·-·10 ··-···· 
DEPTHTOBOTTOM OF SAMPLE 18 . - -- -- - 0 9 . - ·-····· 9 ---i O -

~~f~~f~!E __ J_ _ ·-:- -~~ _ _ _ .. _ _ . . .. -· _ st'Y7~2~°:o _ _ ~~1112-□~o _ -rfd!~12_0~~:~~ :~-- i,10,2000 ~ :~_'2=~0~~ ~ __ _ 

S1:~.'.f_lp___ .. _ _ _ J__ _ _F:R~QU_ENCY N'fS[)EC . N_lJMBER NUM_BER NUMBER ASH REMEDIAL DESI ASH _REMEDIAL DESI ASH REMEDIAL DESI_ ~Sfl~EM_E_DJ~QE_SI__ [IJH_REM§_DIAL DE~! 

~&:~~!-l"="~"r~"i ,~~ ':~: ,,f,'"! ~~~, . i: , ; : '~=~:_ ~ ~-~; ·-= Jr --
''""'c'"-"'""'...,,.. """-1 .. ---" --- 0% ' 0 0 " ·' ~ --- - - - --' 0 ' 0 ' 0 " t ---
~~~ ~~r·~~ ~~·~1 ~ _ ; ;; ; ~; ~ ]I' --.::~": ~ ~ ~t _ \~t 49%1 

12%1 

22%1 
2 

JOO 6 s; ;; ~Si~} 7~:~t - . ----~~ in-=~-- - -~Jl&-:-
10 0 1 51 0.2 U 0.2 U 0.2 U 0.2IU 
_ b s1 s1 125orn5 _ -~ _isjoo _ := __ ~ ·--:- 99400 ----·· ·· _I~ogQj ___ _ 

so ~ ; ;1 i ~ ~ .. - -- ·d ~ L_ ·-·- . - 1; ~ --- dW 

100% _ 1 
14% 
201o 11 

100%1 _J 
1~'.fo+ 
6% 

Cyan.ide· ··---- -· ·· UG/L. --r· ---0% 1•~~-: - ~ 1
~ t . - }.~.~- t . ::__::,~ ~ . - - -· \~fg-----J ii 6_ 

Ire~ ... UG/~. -:..L= =-:·sjii, 300 14 32 51 ~:'}"½,''zo2.J_ 168 J ·=-- -:-::t 2113 LL 
33%1 

Lead L ____ [__ 10% 25 Q _5 51 .. 1:3 U 1.3 U _ _ ___ I 1 U 

Manganese L 100% 300 2 51 51 99.8 9.8 J 2.2 J 
Mercury. -- ... ·- --- ---- ·2% ·2 o 1 s1 6.1 u 0.1 u . ......... -- -- . o.i Li 

Nickel · - --: ----=:-==- == ·10% _ a -~ ~i J6 L _J.c11u::.~- ___ .1c1~_:- : 1.1 o 

~!~~ ---~::=~=-= -~!===-~ _-=---~~t- --=- i}i ~-- _-J ~~ -·ii .. --~~!it =1 :·;Jtl l;== ~--:=-i~~~j:·=--='9~ t 
~~':111. _____ ·----- __j__ ----~Q".' _20000 _ 23 _-4§ _ ~ ,:\:<~22,; .. ---+---~-9~.QQ --- ~-~--t·-.·----6010 --·····2410·Q·_lJ_ 

:~:~i~m~_ ----=-=-~ ~;~ 1 -- ~~~+~~~--3001 -- -; s; ~i---- 1~it} ~-:r. t; r~==- -~tc-- 1·_·:· ~:H~:=--~t r 
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TABLE 2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

FACILITY J t ASH LANDFiLL !ASH LANDFILL AS-H LANDFiLL - ASH LANDFILL- ASH LANDFILL 

~~~~Ro~iD _ - _ ~~~~-ND-- Jm, ~;~,,JA= ~1;.~,,lts\: ~~:_- ;f~w_-_-lfE~ 
S~M~~D_ _ _ _ -- _ --- --- ARD2154 1Al<D211_0 __ ~----- _ ~RD2153 ARD2150 1 ARD21!:i!_J ____ _ 
DEPTH TO TOP OF SAMPLE 10 8,5 9 5 17.5+----1-- 11.3 

i;J~i]l~TTOlv1_0F_~j£LE_=-i=----~-- ~--=~=- .. . s~/21/20~~ [st76s~t~--~-~- s~-/~~~!r- s~/~~~2~ - :~~/21/2~~~ 

~.!=-_U _ _l2S'_-~□-------__ ----___ __ _ _ -FREQU~~'I'._ NYSDE(_ t:JU1v1_~ER NUMBER NLJMBER ASH REME-DIAL DE_§_I AfH_R_§l'v1_EDIA_(~E_SI- ASH RE!v!l=DIAUJESI ASH REMEDIAL DESI AS-H_-REMEDIAL- DESI 

f[~??t--j'tE c~~ 1t/~l~i~E' ~; ,-_ _:_]~; :tl=~:_;~'.r~- --~Jr 
1,1-Dichloroethane UG/L O 0% 5 O O 54 23 U 1 U 2 u 1 U 5 u 

E:= .. ,.. ii :1 
: i E . ! ! L- iI _:_-=:i~:=-l : l =-11~ 

~]!~_:_-~ ! _ i ti- --~;f , rn r~11-=~~c"ii=-~~= -
Methyl ethyl ketone UG/L O _ 0% 50 0 0 54 121 5 U 9 U 5 U 25 U 
~!l~Wc~!:i~~~e __ . "" ,- : , _l 0 ~ ~ ,Jr~- -~--'-- ; ~J ; ~J --~~- 2~1~~---=-= 

!f=~ ~~ 1--1 __ ; ~r=~i ~-~~=1~~~ -- H H rn -~-
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TABLE 2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

_[ __ I __ t - .... i 

I
' I I f - l 

''"""' ... ~1 ''""""L IMHC<N,,L . '""":t --.,:J ;,,:d~ . 
~~!~ON ID- ~~~tNb W~TE~ :~~ND \'if;~-- --~;r;[);~R --- ~~;~~D WATER ~~~N~ J-TER · - -

%~~~iTOPOFSAMPLE -==-:~ - _ _:_-= ARD21_541Qr=--.~:= ~~2~10:5~-~ -- ARD2153:~ ARD2151\ 5 A_R_E~}=-== 
DEPTHTOBOTTOMOFSAMPLE_---,__ 1ol s5i: 9_5 17_5 11_3 
~!'l~!:~_QAJ_§ __ ----- ~~-::::-_:__ --t---- __ -- . ---- ==-- :-§1121120_66 := -=- __()_1/lIB/21JOOj --___ 01/21/2000 01/21/2000 01/21/2000 

QC CODE ------ -- ---- - ----- -- - . . - SI\ .. - J ... - - ~!'I ___ ---- -- ---- -SA SA I SA 
STUDY ID -=====~-=-- NYSDEC NUMBER NUMBER NUMBER ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI ASH REMEDIAL DESI it~~: ;~ · ,~~~ ~"(~"l~~E~jr----;;i-- ~--~~---. - ;i -::lt-_ 
·~-::.,._ ~ l : 'l :: •' ~" -· - - -~=--- "~'"'~ o - _'; ~ ,_ .,~ f -
~!.LI_ri::iri_u_m_____ UG/L _ -1 .. g. 25 51 34.4 UJ -- - _L::· 15~5 ti:1:~---~-~llJJ 34.4 UJ -- 34.4jt:iJ---1 
Antimony . UG/L O 6 51 5.4 U 2.2 U 5.4 U . . 5.4 U 2.2[U 
~,ie_r,ic · ----uG.tt,_-_=- __ : ____ !'_~~ -25_ :a 11 51 2.4u Ist:i __ __2_4LJ ___ __:_--_::----- 2Au ____ J~sJti=== 
Barium UG/L 173 100% 1000 0 51 51 47.8 J 44.8 J 89.2 J 69.2 J 74.9 J 

iii~=-= ~- tit- =: Ow ·-. ·~ : l ,j _-jj- ~ r- < ,,J~: ;~~~ _-,"~: ·- --~~~· 

g.~.m -~~ ~it- ~ -,~ i1 'l :I ii -i~r , .... -.'~?.:.'-.If. -.·.-~t~. 1~l.~=-\~i- . t -t~ :~. i J :1 ll ~~~ -7f ~ ---Jlf--t~~:~~=~~~t~-
Silver - - -~ UG/L - 2% -- _w-:: -fil, _ i _ S, ;_ __ ('" i .. , , _. LO!.'-- -'=~,._!.'" . -~--' '1'": 
Sodium UG/L 200O0r 23 46 51 t":"/,s,39800,J , ·.\ ,f•20700'. l½:I<f."26200:J ·::rr':-0:.JQOCI; itn'.::'1./-13700, ·•~:~:~:m- -· -· ~~~ ~~::.:__ -- -== 1 =--==== ! -~·- ~--!: ·.= .. , .... ·.··.·.·=·.'~::w=~-=T =. ::~~~~-~-~1"·'' "' .. • ~If--r·::_'~:~mT---r'""' ::.f:,=----
Zinc UG/L 1620 -----·-300F·- --·J---- 51 ----s1i'"'r'Fl'':•,;smo -- ----~r 3.7 J 3[J I 4.3 J 
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FACILITY 
LOCATION ID 
MATRiX 
SAMPLE ID 
DEPTl-ffo'°'T~O~P~O~F~SAMPLE. 

I 

~~~:.=~1~~J~::: 
VOLATILE ORGANICS 

TABLE 2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

J~~E~J NA~&~Rj ~u;;ER I Nu6[ER _ 

STD. l STD. DETECTS ANALYSES!N 

ASH LANDFILL ASH LANDFi'LL [ASH LANDFILL ltSH LANDFILL 

~tstND wktER :~s~ND·wltER :~~~ !~}J~Q~~~R .. L:t;~NQ_WAiER - -

A~D212fo81- _ AR~21~04:J -~r-~~~~6__ !Q __ -_-_ ~ ~-~~?~~-TI}f:----- ---
10.8 10 4 10 13.5 

~11/10/20~{ -__ =-_ S~1/2~00 -~ ~- - s!~/Q!l~_DO ___ SA 01/29/2000 ---- -- -

ASH REMEDIAL DESI ASH REMEDIAL DESIG ASH REMEDIAL DESIGN ASH REMEDIAL DESIGN 

2[ --- N--~=~21-:::~-:--- N--_----~r==-- N_ --~-2F_-_ 

lf l&~~ ~ iii __ :i i 2 i ~ · . -i~--T_-~-fr 1
~ ~ ff-

: }t~~~~~~::~~- -~~)[ --- ----~ --- - -i~1 ; ~ ~ ~ rn- ---: ~ --- J~:- -- ----¾ ~ ; u-
'1:":Z::Dibromo-3-chloropropane UG/L 0 - ·a%· 0 6 54 ·1 iT 4 U 1 U --+--- 1 U 
1,2:Dibromoeiiiane - UG/L D 0% 0 ci 54 - 1 u· 4 ij" ---- --, U-- 1 U--
1,2-Dichlorobenzen_e_ ----- UG/L- -o 0% 4~7 o o 54 1 U ,f u --- - -- ------1 u -- 1 IT 
1,2~Dichloroethane U 3 ·2°i; -- -- 5 - 0 { 54 1 U - -4 U 1 U 1 U 
1.2~i:ifciiiorcii,,opane- ---- uG - o 0% 5 o o 54 i u 4 u --- · 1 u 1 o --
1,3:□fcfiio,oti"enzene -- -- UG o - ·0% 5 ii O -54 -- 1 U 4 U ----- -- ---- 1 u· 1 u· ----
i",~oichlombenzene·--· u·· a a% 4.7 o o s"4 1 u 4 ir· --- - -- --1 u-- - --- 1 o 
Acetone-- ------ - 1 ~ - 4% a 2 54 s u - ·19 R--- -- -----·s DT- ---- 5 UJ 
Benzene --0 -- - 0% 0.7 0 0 54 1 U ··:.iu····-- ----- 1 U 1 u··-

i:~~!E:~::t:::~e +----f-----1 -~:--I .. ---~ ~ _ E i ~-- - -~: [ J ~ '" ' " 
Carbon disulfide 0 0% 0 0 54 1 U 
Carbon tetrachloride- · - UG · ii -- - -- 0%. 5 ci 6 54 1 IT 

~~""'":~_ •• -.!.~· ____ ~ ___ -~! ; l i ~i -l,E ~=t~ :Ji-~:-_- 1 ~ --p-_J_t-
Ci5:1,2..:_~ro_eJh_e,~~ ___ LJ~~---- 980 28~ 5 14 15 54 1 _l,J__ :" ·-· 7%' _ ___ ____ _ _ ______ 1jlJ_ 

Cis-1,3-Dichloropropene _ UG/L O 0% 5 0 _(l 1 U __ :·: L: -: '.!JU _____ _ _ __ ___ 1 !:1__ 

~i:-~ :::~-: : fil .... -~ I ! ··· ltt-= :" ~--- ==~--H 
Methyl isobutyl ketone UG/L I _ _ 0 5 U +----+----- ---+---- 5 U 

ilii::: ~ 1~ ,. + r--- H~ --- = :1~ : - ---1------rn 
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I 
--------- --ii 

F~Cl~TY~~--=- - _. - . -_--

LOCATION ID I 
MATRIX -_J 
~MPLE ID --- -::i 
DEPTH TO TOP OF SAMPLE 
DEPTH TO BOTTOM OF SAMPLE 

SAMPLE DATE 1 · -
~~~~~ROUND-_ - __ --- - - __ __ _ _ _ FRE-~FENCY 

PARAMETER UNIT MAXIMUM DETECTION 
Total Xylenes UG/L O 0% 
Traris=i-:z::6ichioroethene UG/L -+---~e- 4% 
Trans-1,3-Dichloropropene· UG/L 0% 
Trichloroethene ---- t-----~=+----28% 
Vil1yTChtoride t-------+ 2% 
METALS-
Aluminum· TT00 49% 
'Aiitimony- ------ --4.5 -- 12% -- -- -~~~ -+= ~ :~7F___ i~~ Arsenic 
BciriUITl-- -
Beryltiurri -
caaJTifulTl 

UG/L 0.26 "14% 

Calcium 
--- - uGJC- --:_::: __ Qj~t= ___ ?.~ 

UG/L 391000 100% 
Chromium UG/L 4.1 
Cobalt -- -- UG/L 2 
Copper - - UG/L · 14.6 
Cyanide - ------ - - UG/L-- - - 0 

14% 
6% 

33% 
·oo;; 
533/; 

~: ==Ji~~1~l<~~ 

TABLE2 
GROUND WATER CHEMICAL RESULTS 

ROUND 2 GROUNDWATER MONITORING 
ASH REMEDIAL DESIGN 

SENECA ARMY DEPOT ACTIVITY ROMULUS, NY 

ASH LANDFILL 
PT-23 __ 'L _ 
GROUND WATER 

'ARb2123" 

l =- --L • __ J ~ 
ASH LANDFILL ASH LANDFILL ASH LANDFILL 

J~b~N_[)_ w~TER -- ~~~~ND w~--- ~~~~ND WATER----

ARD2144 I ARD2116 ARD2138 

10.81 10.4 10 13.5 
-10.8 -- - 10.4 10 13.5 

- sr10~2000 ":: ___ S;1/W~~~ --- SA 01/09/2000 SA 01/29/2000 --

NYSDEC NUMBER NUMBER NUMBER ASH REMEDIAL DESI ASH REMEDIAL DESIG ASH REMEDIAL DESIGN ASH REMEDIAL DESIGN 

c~i~G~ "!~iE __ oE~{ci-s ANA~~sEs N - ~~ -- , ' -~ ~:: - -' ~ - , ----~-y-- ~-~ 
~ i i ~ ~ r -- -rn =: : ~ :::E 
~ ~ 1~ ~ } ~ - ---- 1 u -- ~ ~ Wu 

~ i i E ~~: -if ~~:-=~; ~r=-11u 

, .. 1 11 !! ,J1lL ,,1:=~t~1~=-==~,].~~ 
-~ 

1! ;: -·~:Ji~- -JjL_:~:~-==~Jt ________ J~--- -
10 

50 

200 
i66 
300 
. 25 

300 
2 

fa 
50 

20000 

14 32 illrc;!'.l~J---- __ 2_o_3 u___ 203,_LJ.l__ _____ 2_5![_J ____ _ 

0 5 1.31U 1 U 1JII} _ --r--- 1 3 U 

I ~l !!1 -- '1it=-. •1t~~i-~-:~-~TIC 
i[~[:.:_.:_:-_- :.:=~· _ _:_ ~::-~-:-f---;~~~ -... J!· 
Thallium-_:::__: _______ UG/L - - -7.4 -~~!~ -

--~ _: -_}tl t~ ~J ::..:_~r+~-- 2

-~ ~J -,~;c,~•~:2:t1µJ: 
2i -:~ -- --t~ _- 5ti f--==r-==20~ r 101{! ~ :'/\;),;, }>,ic:nw~-.::-: '.la,:,ad~lln:1____ __ UG/L 10.8 ___ 8%1 

Zinc UG/L 1620 100% l 
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Well ID 

PT-11 
PT-12A 

PT-18 
PT-19 
PT-21A 
PT-24 
MW-27 

MW-29 
MW-30 
MW-36 

MW-40 
MW-44A 
MW-45 

MW-46 
MW-47 
MW-48 

MW-56 

MW-59 
MW-60 
FH-S 

FH-D 
BN-S 

pH Spec. Cond. Redox Pot.* DO 

Table 5 
Ash Landfill 

1998 Third Quarter Groundwater Monitoring 
Indicator Parameters 

Fe+2 Methane Ethane Ethene 
(units) (umhos/cm) (mV) {mg/I) /moll) (mg/I) /mg/I) (mg/I) 

6.95 975 308 3.55 0.15 0.002) <0.0021 <0.0025 

6.57 1530 270 0.91 0.46 0.0089 <0.0021 <0.0025 

6.59 1267 50 1.89 0.51 0.13 <0.0021 <0.0025 
6.88 774 102 1.00 3.36 0.15 <0.0021 ·<0.0025 

7.02 1202 199 0.93 0.33 0.0043 <0.0021 <0.0025 
6.70 800 250 0.99 0.00 <0.0012 <0.0021 <0.0025 
6.44 703 301 2.00 na 0.057 <0.0021 <0.0025 

ns ns ns ns ns ns ns ns 

ns ns ns ns ns ns ns ns 
6.93 716 322 1.00 0.00 <0.0012 <0.0021 <0.0025 

6.96 591 281 1.89 0.04 <0.0012 <0.0021 <0.0025 
6.95 3050 137 1.02 0.99 0.053 <0.0021 0.013 
6.92 606 222 1.18 0.18 <0.0012 <0.0021 <0.0025 

6.75 778 176 0.83 0.38 0.003 <0.0021 <0:0025 

ns ns ns ns ns ns ns ns 
6.87 637 200 0.82 0.15 <0.0012 <0.0021 <0.0025 

6.77 801 310 1.00 0.01 0.014 <0.0021 <0.0025 

6.63 1394 85 1.18 0.03 0.01 <0.0021 <0.0025 
6.72 910 163 0.87 0.06 0.015 <0.0021 <0.0025 

na na na na na na na na 

na na na na na na na na 
na na na na na na na na 
na - not analyzed ns - not sampled due to lack of water 

* = Redox values were adjusted to the standard hydrogen electrode. 

artsmp\ash\3qtr98\INDICATR.WK4 

DOC Nitrate/Nitrite Tot. Alkalinity Sulfate Chloride 
(mg/I) (mg/I) (mg/I CaCO3) (moll) (moll) 

6.9 0.71 356 121 32.2 
7.3 0.03 356 358 106 

4.7 0.19 250 195 123.0 
3.7 0.16 334 43.7 25 
4.7 0.19 250 195 123 
6.2 0.04 310 84.2 16.8 
6.2 0.32 306 46.1 19.2 
ns ns ns ns ns 

ns ns ns ns ns 
1.4 0.88 292 53.8 20.2 

4.4 0.08 _254 55.7 7.9 
8.5 0.01 212 816 421 
5.9 0.01 312 28.1 9.7 
2.7 0.01 350 58 13.4 
ns ns ns ns ns 

6 0.01 308 30.1 9.8 -
2.1 0.31 284 118 24.9 
5.9 0.01 656 125 27.8 
4.1 0.01 422 67.5 17.9 
na na na na na 
na na na na na 
na na na na na 
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Appendix F 
Trichloroethylene, Cis-1,2-Dichloroethylene, and Vinyl Chloride Degradation Modeling 

• Table F-1 Summary of Degradation Model 
• Trichloroethylene, Cis-1,2-Dichloroethylene, and Vinyl Chloride Concentration vs. 

Time for Selected Monitoring Wells at the Ash Landfill 



Location 

PT-12A 

PT-12A 

MW-44A 

MW-44A 

PT-18 
MWT-7 
MWT-9 

Notes: 

Table F-1 

Summary of Degradation Model · 
Ash Landfill Feasibility Memorandum 

Seneca Army Depot Activity, Romulus, NY 

Date Residence Time, ires (hours) 

Sep-98 55 
Jun-97 55 
Oct-99 43 

Sep-98 49 

Oct-99 59 
Jun-99 33 
Jan-00 21 

1) Degradation plot raw data provided by ETI on April 13, 2000. Degradation model 

prepared using Scientist for Windows Ver 2.0. Model assumed half life of 3 hours 

for TCE and half lives of 6 hours for cDCE and VC. 

2) Residence time means time needed for TCE and cDCE to degrade to 

concentrations of 5ug/L or below, and for VC to degrade below concentrations of2ug/L. 

3) Residence time calculated using the following equation: 

( rec 

In £ 
= ~ where C"."5mg/L, (NYSDEC Class GA Standard) 

- J Co=55mg/L, (Maximum Effluent Cis-1,2-Dichloroethene) 

.-t = _ In( 0. 5) 
halflife 
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Design 

Source Wall 

Middle Wall 

Compliance 
Wall 

Table G-1 

Calculation of Recommended Thicknesses for Proposed Reactive Walls 

Ash Landfill Feasibility Memorandum 

Seneca Army Depot Activity, Romulus, NY 

Recommended Recommended 

Well(s) Considered for Residence Maximum Expected Thickness for 

Estimation of Influent Time, ½-ec Velocity, Vmax Porposed Wall, h 

Concentrations hours ft/day ft 
PT-12A, MW-44A, 

PT-ISA 59 0.4 2 I.I 

MWT-7 33 0.4 2 0.6 

MWT-8, MWT-9 21 1.2 3 1.1 

Residence time calculated in Appendix F. See Summary of Degradation Model table in Appendix F. 

2 Vmax=0.43 ft/day. Maximum velocity used for conservative assumptions; vmax estimated from vave using following equation: 

Recommended 
Thickness for Proposed 

Wall, h, SF=2 

ft 

2.1 

1.2 

2.1 

K vmax = v_x~ = 0.2ft/ day/.2 Iftl day 
Kmax=2.21 ft/day is maximum hydraulic conductivity, at Ash Landfill not including reactive wan area. 

Kav, l.03ft/day See Appendix D 

Vave=0.2 ft/day velocity used for design of existing reactive wall. 

Kave= 1.03 ft/day is hydrau lie conductivity used for design of existing wall. See Appendix D 

3 vmax=Maximum velocity calculated in Table 6-2 

4 h=(vmax)(t,..,c) 

5 t.ec determined using ETI's Scientist® for Windows Version 2.0 

6 For the design of the Compliance wall, residence time of 21 hours was used, which is the degradation time for concentrations measured in MWT-8 

in June 1999 since over time, residual TCE and cDCE will flush out and Complinace wall will only have to treat effluent of Boundary wall. With a 

safety factor of 2, the Boundary wall has a residence time of 42 hours which should still be able to reduce these residual concentrations. The 

highest concentration was observed in MWT-9 in June 1999 requiring a minimum residence time of 31 hours. 
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Wall Thickness, 

Table G-2 
Dimensions of Groundwater Treatment Systems 

Ash Landfill Feasibility Memorandum 

Seneca Army Depot Activity, Romulus, NY 

Volume of Total weight ot 
Configuration type h Wall length, I Wall Depth, d Iron, V Volume oflron, V iron, w Surface Area of Wall, 

units ft ft ft ft3 yd3 tons ft2 

Boundary (Exisiting) wall 1.2 645 0 
Compliance wall 2.1 645 8 10,836 401 704 5,160 
Source wall 2.1 820 I I 19,025 705 1,237 9,020 
Middle wall 1.2 700 9 7,432 275 483 6,300 

Total for Alternative 1 401 5) 704 6) 5,160 

Total for Alternative 2 1,381 5) 2,424 6) 20,480 

Notes: 

I) Wall depths are taken from Figures 3-9 through 3-I 2 from the Remedial Investigation report (Parsons, I 994). These are approximate depths to competent 

shale at proposed location of continuous wall. Actual depths will be determined through excavation oftest pits during construction. 

2) A=(h)(I) 
3) V=(h)(l)(d) 

4) w = 130 .!!?_x V 

ft
3 

2000 .!!!..... 
ton 

5) Total installation volume for Alternative l includes volume of compliance wall only, for Alternative 2 total installation volume includes volume of 

compliance wall, source wall, and middle wall. 
6) Total installation weight for Alternative I includes weight of compliance wall only, for Alternative 2 total installation weight includes weight of 

compliance wall, source wall, and middle wall. 
7) Total surface area of walls is calculated so that maintenance costs of°iron walls can be estimated. Total surface area for Alternative I 

includes surface area of boundary wall and compliance wall. For Alternative 2 total surface area includes surface area of boundary wall, 

compliance wall, source wall, and middle wall. 
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Table G-3 
Iron quantity and price calculations 

Ash Landfill Feasibility Memorandum 
Seneca Army Depot Activity, Romulus, NY 

Alternative 1 Alternative 2 

Iron Quantity, 
Iron for upgradient aquifer 

tons 
iron for effiuent of existing wall 704 
Total installation weight 704 

iron + packaging $235,440 
Iron Cost delivery $25,760 

total iron cost $261,200 

Total surface area of iron, ft2 2107 
Cost of maintenance of wall(s) $1,475 

~ 

I) Prices include unit cost of iron ($313), unit cost of packaging ($14), and cost of delivery, ($805 for each 
22.5ton). Prices provided by Peerless Metal Powders and Abrasives. See Appendix G 

2) Maintenance cost is cost of agitation of iron in the upgradient aquifer/iron interface with a hollow stem 
auger. Cost includes mobilization, demobilization to site, drilling rig, and I feet augering that overlap. 
Overall it is $7/square feet every 10 years. Method recommended by ETI in Memo of April 20, 2000 
See Appendix D. 
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1,720 
704 

2424 

$794,610 
$86,940 

$881,550 

4662 
$3,264 



Table G-4 
Monitoring Well Installation Costs 

Ash Landfill Feasibility Memorandum 
Seneca Army Depot Activity, Romulus, NY 

Alternative 1 Alternative 2 
Installation of Monitoring Wells at Ash Landfill- Estimated Estimated 

Item Description of Services Unit Cost Quantity Total Cost Quantity 
I. Mob./Demob. a truck mounted drilling rig $300 2 $600 

Mobilization/ to the site in Romulus, NY. Include security per event 
Demobilization requirements to enter the base. 
3. Construct and remove a temporary decon. pad, $150 I $150 

Construct a on-site, to perform all decon. of drilling equipment. per pad 
Decon. Pad Pad will collect all decon. water. 
4. Provide an hourly rate to steam decon. drilling $125 5 $625 

Decon. Time equipment; include decon. equipment rental. per hour 
5. Provide a cost to supply a DOT approved $40 5 $200 

Provide Empty steel drum, with covers, to contain all drilling per drum 
Drums wastes, including decon. water. 
6. Provide a cost to move a drum, 3/4 full, a $25 7 $175 

Move Drums distance of 100 ft to a central storage location per drum 
7, Provide cost to perform Ho.llow Stem $18 90 $1,620 

Hollow Stem Augering using a 6.25" auger with a plug. per foot 
Augering (jiJ 15 feet depth 
8, Provide a cost for the drilling crew to standby $125 7 $875 

Standby Time during completion of an activity. per hour 
9 Provide a cost, including materials, to install $225 6 $1,350 
Installation of a 15' overburden monitoring well. per well 
Monitoring Wells 
10 Provide a cost, including materials, to install $250 I $250 

Installation of a 6' to 12' overburden well point. per well 
Wei Points• point 
II Provide a cost, including materials, to install $60 7 $420 

Ballards three (3) ballards around each monit. well/poir1t per well 
12. Provide a cost, including materials, to install $50 7 $350 

Concrete Collar a concrete collar around each monitoring well per well 
13. Provide a cost, including materials, to install a $70 6 $420 

Steel Casing 4" steel casing, with a cap & a weep hole. per well 
14. Provide a cost to supply a brass, weather $25 7 $175 
Brass Locks resistant, lock for each well. per well 
15. Provide a cost for the drill crew to upgrade $35 2 $70 
Level C Surcharge to Level C, including support equipment. per hour 

Total subcontractor costs: $7,280 

Parsons labor costs $4,254.50 
Parsons materials $2,257 

Parsons travel $2,353 
Parsons equipment rental, others $1,560 

Total other costs: $10,425 

TOTAL COST: $17,705 

• Well points will be installed once iron walls are in the ground. For Alternative 2, mobilization/demobilization is necessary again 
when well points are installed. 
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4 

I 

15 

15 

13 

150 

14 

10 

3 

15 

15 

12 

15 

4 

Total Cost 
$1,200 

$150 

$1,875 

$600 

$325 

$2,700 

$1,750 

$2,250 

$750 

$900 

$750 

$840 

$375 

$140 

$14,605 

$8,509 
$2,257 
$2,353 
$1,560 

$14,679 

$29,284 



Table G-5 
Groundwater Monitoring Costs 

Ash Landfill Feasibility Memorandum 
Seneca Army Depot Activity, Romulus, NY 

Alternative 1 Alternative 2 
First Year 
gw sampling $28,029.75 $37,373 
chemical analysis $10,852.50 $14,470 
prepare report $11,243 $14,991 
interim letter report $2,017 $2,017 
project management $9,020 $12,026 

$61,162 $80,877 

Every 5 Years 
gw sampling $100,926 $108,790 

chemical analysis $29,269 $31,550 
prepare report $26,560 $26,560 
interim letter report $2,017 $2,017 
project management $7,702 $7,702 

'$166,474 $176,619 
Annual 
gw sampling $10,261 $11,180 
che~ical analysis $3,430 $3,737 
prepare report $4,095 $4,095 
interim letter report $2,017 $2,017 
project management $7,702 $7,702 

$27,505 $28,731 

A VERA GE ANNUAL $55,299 $58,309 

* Average annual cost = ( 4 * Annual Cost + Cost of sampling every 
5 years )/5 

p:\pitlprojects\seneca\irontrncldraftmemo\final\ironcost2.xls\Table G-5 



Table G-6 
Cost calculations ofTCLP testing, soil stockpiling, and soil disposal costs during installation ofreactive walls 

Ash Landfill Feasibility Memorandum 
Seneca Army Depot Activity, Romulus, NY 

# of piles cost of cost of 

(samples # of samples amount taken to amount polyethylene polyethylene 
in-situ volume ex-situ tested for area of piles costofTCLP expected to hazwaste staying on lining on lining on top 

I) volume2) TCLP) 3) 4) test 5) fail test 6) landfill 6) site 6) disposal cost 7) bottom 8) 
cy cy . sf ton ton 

Alternative I 401 522 4 34,782 $700 0 0 602 $0 $2,783 
Alternative 2 1,381 1,796 12 119,709 ·$2,100 I 207 1,865 $24,241 $9,577 

~ 
I) Volume calculated in Table G-2. 

2) Assumed that ex-situ volume is 30% greater than in-situ volume. 

3) Excavated soil stored in I 50 cy piles. One sample from each pile will be tested for TCLP-VOC's. 

4) It is assumed that each pile will be I 00 ft x 100 ft large. 

5) Cost TCLP test is $175/sample. 

6) For Alternative 1 it is assumed that none of the samples will fail the TCLP test, since no samples collected from the excavation of the boundary wall have failed it 

Compliance wall, downgradient from it should have even lower VOC concentrations. For Alternative 2, it is assumed that about 1/5 of the excavated soil will fail the 

TCLP test. Estimate is based on VOC concentrations of groundwater in October 1999, and January 2000. Non-hazardous soil will remain on-site in the same pile 

where the excavation material from the border wall trench has been stored. 

7) Disposal off-site costs $117 /ton which includes stabilization and hazardous waste tax of 6%. 

8) Polyethylene lining costs $0.08/fl:2. Area of top lining is I .5 x area of bottom lining. 
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8) 

$4,174 

$14,365 

TOTAL 

$7,656 
$50,283 



Table G-7 
Calculation of Costs for Application of Vegetable Oil As Part of Alternative 2 

Ash Landfill Feasibility Memorandum 

Seneca Army Depot Activity, Romulus, NY 

Oil Volume Addition Calculations Using Assumptions ofDDHU project (Parsons, 2000) Soil Volume Calculations 
Barrier Depth: 10 feet 
Radius oflnfluence 5 below ground surface 
Porosity 0.15 feet 
Number of trenches 10 
Emulsion Oil in Water 
Single Point Void (Oil) Volume: 

Total Volume Oil: 

Oil Specific Gravity: 

Total Mass Oil: 

50% percent 
59 cu.ft. 

441 gal 
4,406 gal 

80 -55gal oil barrels 
0.919 

33770 lb 
16.89 ton 

COST ESTIMATE FOR VEGOIL ADDITION 

Item Units Quantity 

VegOil lb 33,770 
Oil Transport load 2 
excavator rental ( excav & backfill) day 10 
TCLP test for excavated soil test 3 
Crew day 20 
Constr. Mgmt. day 5 
Engineering hours 40 
project management hours 8 
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. depth of trench IO feet 

Unit Cost 

$0.38 
$500.00 
$800.00 
$175.00 
$366.80 
$322.10 

$25.53 
$48.77 

TOTALI 

length of trench 20 feet 
width of trench 3 feet 

volume of one trench 600 cf 

Total Volume soil: 6,000 cf 
222 cy 

Weight of soil 333 ton 

Total Cost 

$12,833 
$1,000 
$8,000 

$525 
$7,336 
$1,611 
$1,021 

$390 

$32,7161 

IO tons/load 

20-1 Ohr days, for 2 people 
5-1 Ohr days for l person 



Table G-8 

Costs of Groundwater Treatment Alternatives at the Ash Landfill 

Ash Landfill Feasibility Memorandum 

Seneca Anny Depot Activity, Romulus, NY 

Item ALTERNATIVE 1 
CAPITAL COSTS 

Site visit records review $5,923 9 

Prepare workplan for implementation of design $37,610 9 

Preconstruction sampling (VOC analyses, and slug tests) $17,140 9 

Monitoring well installation and development $17,705 5 

Installation of iron wall(s) 

Mobili:ation!De1110hili:ation $38,000 I 

Trench Excavation $82,500 I 

Backfilling of excavated material, grading and revegetation $9,000 I 

iron $235,440 2 

iron shipment $25,760 2 

Construction supervision $11,423 9 

l'CLP testing, soil stockpiling, disposal to ha:waste landfill (Alt 2) $7,656 6 

Surveying of newly installed wall(s) and monitoring wells $2,087 4 

Vegetable oil addition 
First year GW monitoring (sampling+ analysis+ prepare report+ interim letter+ 
project management) $61,162 3 

sub total $551,405 

contingency 20% $110,281 
engineering/oversight 20% $110,281 

total capital (subtotal + contingency + engineering/oversight) $771,967 

OPERATIONS AND MAINTENANCE COSTS 

groundwater monitoring $55,299 3 

maintenance of iron wall(s) $1,475 " 

sub total $56,774 

contingency 20% $11,355 

engineering/oversight 20% $11,355 

total O & M (subtotal + contingency+ engineering/oversight) $79,483 

interest 10% 

years of operation 60 

present worth O & M $792,224 

TOT AL PRESENT WORTH COST (total capital + present 
worth O/M) $1,564,191 

~ 

I Mobilization/demobilization, trench excavation, installation of iron into trench, backfilling, grading and revegetation 

costs provided by Diverse Solutions April 14, 2000. 

2 Unit costs provided by Peerless Metal Powders and Abrasive. See iron quantity calculations in Table G-3. 

3 See Table G-5 for costs of groundwater monitoring. 

4 Estimated based on actual cost of surveying of Boundary wall (existing wall) and wells around Boundary wall. 

5 See Table G-4 costs of installation of monitoring wells. 

6 See Table G-6 for costs ofTCLP testing, soil stockpiling, disposal to hazwaste landfill (Alt 2) 

7 See Table G-7 for installation of vegetable oil 

8 Maintenance cost is cost of agitation of iron in the upgradient aquifer/iron interface with a hollow stem auger. 

Cost includes mobilization, demobilization to site, drilling rig, and I feet augering that overlap. Overall it is 

$7/square feet every 10 years. See Table G-3 
9 Estimate based on expected labor hours for task 
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ALTERNATIVE 2 

$5,923 9 

$50,146 9 

$17,140 9 

·$29,284 l 

$38,000 1 

$240,000 I 

$9,000 1 

$794,610 2 

$86,940 2 

$22,846 9 

$50,283 6 

$6,260 4 

$32,716 7 

$80,877 3 

$1,464,024 

$292,805 

$292,805 

$2,049,634 

$58,309 3 

$3,264 8 

$61,572 

$12,314 

$12,314 

$86,201 

10% 

15 

$655,655 

$2,705,289 





NOV-09-'98 MON 12:56 ID:PEERLESS METALS 

Nov.wer 9, 1998 

Jackie Travers 
P&r•on• Zngin■•rlng Scianca 
30 Dan Road 
Canton, HA 02021 

Dear Jackiea 

TEL t-0:313 841 0240 11262 P02 

FAX1 781-401-2043 

Par your conver■ation with Norean today, I underatand that you would like to 
increa■e the tonnage to 225 tons.(10 full truckloads) of Iron Aqqr■gat■ •o I 
have refigured the dollars as followas 

Iron Aqgregate Size ETI 8/60-------$313/par nat ton 

225 net ton@ $313/Nr----------------------~--~------------------$7O,425.OO 

Pack.aq!ng in 3000# bage, palletized, covered with aecured 
pla•tic cover■ e $14/per ton X 225 tona--------------------------$ 3,150.00 

Pricea are J.l'OB Detroit, MI. Freight is $700 per truckload 
on flatbed truck or $31.12/per net ton baaed on 22.5 ton•. 

For delivered pricing take above freight X ll5\ n $805 
per truckload on flatbed trucks x 10 trucks•--------------------$ e,oso.oo 

Gr•nd total for delivered prica of 225 tona ia-------------------$81,625.OO 

Term• are Net 30 Days, If we receive your order within the n~xt. coupia of 
daye we would be able to meet your required delivEiey echedule of 12/7 thru 
12/9/98. 

I hava contacted the freight company and the drivara will be not be able to 
unload the trucks for you; hawev~r, th~ f~eight ccxnpany could call tha ■ite 
•everal houre in advance and you could arrange far eomaona to be available •t th•t time. 

We look forward to eupplying you with our iron, 

Very truly your•, 

&.:.~~ 
President 5 CBO 

or 
Sale11 A11110ciate 

PWT/npw 

Peerless Metal Powders & Abrasive · 124 South Military • Detroit, Miohlgan 48209 
(313) 841-5400 Fax (313) 841-0240 



To: Jacqueline Travers 

Fax#: 1-781-4012575 

DIVERSE SOLUTIONS 
Tel: 775-853-9447 
Fax: 775-853-9448 

FACSIMILE COVER PAGE 

From: Dan Oakley 

Fax#: 775-853-9448 

: Company: Parsons Engineering Inc. Tel #: 775-853-944 7 

Subject: Iron Filing Wall Installation Estimate 

Sent: 4/14/00 at 12:59:36 PM I Pages: 6 (including cover) 

MESSAGE: 

Attached is the budgetary estimate you requested. If you need anything else, please call. 
Thanks for requesting this information. Have a great weekend! 

' 

Dan 

WinFax PRO Cover Page 



DEWIND DEW ATERING INC. 
PRELIMINARY TECHNICAL PROPOSAL 

FOR 
CONSTRUCTION OF PERMEABLE TREATMENT WALLS 

PARSONS ENGINEERING 
SENECA ARMY DEPOT 
ROMULUS, NEW YORK 

April 14, 2000 

Introduction 

De Wind Dewatering Incorporated is a specialty construction company based in Holland, Michigan 
with an additional construction office located in Edgewater, Florida. With our custom-made one-pass 
trenching machines De Wind provides services such as construction of collection trenches, slurry walls, 
and permeable treatment walls for groundwater contai~ent and/or treatment. 

With our customized one-pass trenching equipment, De Wind offers a rapid and cost-effective method 
of installing· Jron Filing Penneable Treatment Walls. Advantages of our installation method over 
other excavation and placement techniques include: 

• The ability to excavate and backfill nominal fixed-width trenches to depths of 25 ft below the 
working platform. This ensures that minimal cuttings are generated and, consequently, minimal 
waste of iron filing. 

• No large and open holes minimizes health and safety concerns. 
• Rapid installation rates of 100-400 ft/day depending on site lithology. 
• During excavation and placement de-watering is not typically required. 

Parsons Engineering has requested preliminary technical and budgetary cost proposals for installing 
two Permeable Treatment Walls at the Seneca Army Depot in Romulus, New York. DeWind offers 
the following preliminary proposal in response to this request. 

Job Requirements 

The site geology consists glacial till overlying a fractured shale bedrock overlying a competent shall 
bedrock. The depth to bedrock is expected to vary from 7 to 12-ft bls. 

Two penneable treatment walls will be installed. The first wall is located near the source and will be 
approximately 700 ft long and 2-ft wide. The second wall is located between the source and the 
existing iron filing wall. This wall will be approximately 700 ft long and 1-ft wide. 

File:seneca 2 proposal 
1 
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DeWind Dewatering Incorporated is a specialty construction company based in Holland, Michigan 
with an additional construction office located in Edgewater, Florida. With our custom-made one-pass 
trenching machines De Wind provides services such as construction of collection trenches, slurry walls, 
and permeable- treatment walls for groundwater contai~ent and/or treatment. 

With our customized one-pass trenching equipment, De Wind offers a rapid and cost-effective method 
of installing·Iron Filing Penneable Treatment Walls. Advantages of our installation method over 
other excavation and placement techniques include: 

• The ability to excavate and backfill nominal fixed-width trenc~1es to depths of 25 ft below the 
working platform. This ensures that minimal cuttings are generated and, consequently, minimal 
waste of iron filing. 

• No large and open holes minimizes health and safety concerns. 
• Rapid installation rates of 100-400 ft/day depending on site lithology. 
• During excavation and placement de-watering is not typically required. 

Parsons Engineering has requested preliminary technical and budgetary cost proposals for installing 
two Permeable Treatment Walls at the Seneca Atmy Depot in Romulus, New York. DeWind offers 
the following preliminary proposal in response to this request. 

Job Requirements 

The site geology consists glacial till overlying a fractured shale bedrock overlying a competent shall 
bedrock. The depth to bedrock is expected to vary from 7 to 12-ft bls. 

Two permeable treatment walls will be installed. The first wall is located near the source and will be 
approximately 700 ft long and 2-ft wide. The second wall is located between the source and the 
existing iron filing wall. This wall will be approximately 700 ft long and 1-ft wide. 
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The iron filings will be installed from 1-ft below land surface to the top of the competent shale 
bedrock. Our one-pass trenching machine will be set up to install 12-inch wide iron filing walls, For 
the 2-ft thick penneable treatment wall we propose installing two 12-inch wide iron filing walls that 
will be parallel to each other and approximately 10-ft apart. 

Installation Procedure 

Our trenchers are custom-built in Michigan using both standard and proprietary components. The 
trencher is a track mounted vehicle that has a cutting boom that resembles a large chain saw. To our 
knowledge these are the most powerful unconsolidated soil trenchers available in the North America 
with the trenchers being powered by 600-800 hp motors generating up to 200,000 ft/lbs of torque, The 
trenching and delivery operation cuts a nominal 14-inch or 20-inch wide trench and in one-pass 
continuously backfills the trench with the iron filings to create a Permeable Treatment Wall. There 
are no large and open trenches and de-watering is not typically required for installation. 

The trenching machine will be readied for installation by attaching the cutting boom and iron filing 
delivery system. The cutting boom will excavate a trench by rotating the cutting chain until the boom 
and delivery system has cut into a vertical position relative to ground surface. At this point the 
delivery system will be loaded with the iron filings and a back slide plate on the delivery system will 
be removed. The back slide plate minimizes the waste of iron filings during the initial cut-in phase. 
The trencher will begin a forward motion while simultaneously cutting the trench, placing the cuttings 
adjacent to the trench via a conveyor system, and backfilling the trench with the iron filings from near 
ground surface to the total depth. Installation proceeds until the design length of the Penneable 
Treatment Wall has been installed. The installation procedure will be repeated for the additional 
walls. 

A laser-guided control system will be used to control the depth of installation. This system enables 
De Wind to install the permeable treatment walls with a depth accuracy of plus or minus 0.1 ft. 

Schedule 

We can typically mobilize to a site within 30 days of contract award. Our preliminary schedule is as 
follows: 

Mobilization - 2 Days 
Equipment Assembly- 1 Day 
Installation - 8 Days 
Equipment Disassembly - 1 Day 
Demobilization - 2 Days 
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Clarifications and Exclusions 

The budgetary cost proposal is based on the following assumptions: 

• The client will provide health and safety monitoring during construction. 
• There are no underground utilities in the path of the treatment walls. 
• The trenching machine will require approximately 20-ft overhead clearance along the installation 

path. 
• De Wind is not responsible for the ultimate disposal of any water and soils generated as part of the 

installation or equipment decontamination processes. 
• The client will supply the iron filings in 3000-lb bags. 
• The client will perform any pavement removal or repair required for installation. 
• Soils generated during installation will be placed within 100-ft of the permeable treatment walls. 
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DEWIND DEWATERING INC. 
BUDGETARY COST PROPOSAL 

PARSONS ENGINEERING 
PERMEABLE TREATMENT WALL 

2100 FT LONG AND 12-INCHES WIDE 
SENECA ARMY DEPOT 

ITEM 
Mobilization 

Excavate 12-inch wide trench 
up to 12 ft deep and backfill 
with iron filings 

Site Restoration with 
reseeding 

Demobilization 

File: seneca depot 2 bid 

April 14, 2000 

QUANTITY 
1 

2100 

UNITS COST/UNIT 
L.S. $20,000 

LF 

LS 

LS 

$75 

$9,000 

$18,000 

TOTAL 

COST 
$20,000 

$157,500 

$9,000 

$18,000 

$204,500 
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