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1.0 INTRODUCTION 

DRAFT REMEDIAL DESIGN WORK PLAN FOR 
THE ASH LANDFILL OPERABLE UNIT 

Remedial design work plans are developed to outline the necessary steps for completion of remedial 

design. This remedial design work plan describes the approach to completing the design for soil and 

groundwater remediation at the Ash Landfill Operable Unit (OU), located at the Seneca Army Depot 

Activity (SEDA or the Depot) in Romulus, New York. Figure 1-1 shows the location of SEDA. The 

remedial action objectives and approach to remedial design for this site were outlined in the Final Record 

of Decision (ROD) for the Ash Landfill Operable Unit (Parsons, 2004). Remediation alternatives for 

control of groundwater contaminant were further developed in the Feasibility Memorandum for Ground 

Water Remediation Alternatives Using Zero Balance Iron Continuous Reactive Wall at the Ash Landfill 

(Parsons, 2000) and the Ash Landfill Biowall Pilot Study Work Plan (Parsons, 2005a). 

The purpose of this work plan is to identify the preferred remedial design of the Ash Landfill site and to 

provide a framework for completion of the remedial design. This work plan has been developed in 

accordance with requirements of the Federal Facility Agreement (FFA) between the United States 

Environmental Protection Agency (USEPA), New York State Department of Environmental Conservation 

(NYSDEC), and United States Army (the Army). This work plan also confonns to appropriate USEPA 

and NYSDEC guidance documents. 

1.1 Project Objectives 

Site-specific remedial action objectives were established for the Ash Landfill site between NYSDEC, 

USEPA, and the Army and were listed in the ROD (Parsons, 2004) as follows : 

• Mitigate exposure pathways for dermal contact and ingestion of volatile organic compounds 

(VOCs), metals, and polycyclic aromatic hydrocarbons (PAHs) in soils for current and intended 

future site use scenarios, thereby decreasing risk to human health and ecological receptors; 

• Comply with ARARs for New York State Class GA groundwater quality standards and federal 

Maximum Contaminant Levels (MCLs); 

• Reduce and improve non-carcinogenic and cancer risk levels from contact with groundwater for 

current and intended future receptors; and 

• Prevent exposure to off-site receptors through possible off-site migration of the VOC plume. 

To achieve the remedial action objected stated above, the following objectives are part of the remedial 

design at the Ash Landfill OU: 

• Excavate and dispose of material from the Debris Piles to remove the highest concentrations of 

PAHs and metals from the Ash Landfill OU, which will effectively lower risk from contact to on

site soils; 
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• Place a soil cover over the Ash Landfill and the Non-Combustion Fill Landfill (NCFL) to prevent 

contact to VOCs, metals, and PAHs in soils, which will limit ecological risk; 

• Install pem1eable reactive barriers (PRBs) to bisect the VOC plume to reduce the cleanup time 

required to achieve groundwater quality standards and prevent offsite migration; and 

• Monitor the groundwater to ensure that the voe plume is decreasing and not migrating off-site. 

1.2 Report Organization 

Section 1 of this report serves as an introduction to the work plan and stales the remedial design 

objectives and summarizes the components of the design. Section 2 provides a site history and summary 

of previous investigations and remediation completed at the Ash Landfill OU. Section 3 is a summary of 

the biowall pilot study conducted from July 2005 to February 2006 to evaluate use of mulch as the 

reactive media in a PRB to biodegrade the voe groundwater plume as the selected approach for 

groundwater remediation. Section 3 summarizes that the results of the study which showed that using 

mulch was as effective at reducing chlorinated ethenes as zero valent iron (ZVI). The results and 

conclusions from the pilot study serve as a basis for the design of PRBs using mulch for groundwater 

remediation, presented in Section 4. In addition to addressing the remedial design for groundwater, 

Section 4 outlines the components of the remedial design for soil remediation of the Debris Piles and for 

the Ash Landfill and NeFL. Section 5 discusses pre-design field data collection requirements and 

Section 6 discusses requirements for treatability studies. The tasks necessary to prepare the design report 

and the required design documents (such as the design report, specifications, and drawings) are listed in 

Section 7. The design team is listed in Section 8. Section 9 references the project Health and Safety 

Plan (HSP). Section 10 summarizes the schedule for remedial design. Section 11 details the pennitting 

requirements. Section 12 provides a lis t ofreferences used in preparing this Work Plan. 

The "Evaluation Report for the Mulch Biowalls at the Ash Landfil l Site Seneca Army Depot Activity" is 

provided in Appendix A. 
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2.0 SUMMARY OF EXJSTING CONDITIONS 

2.1 Site Background 

DRAFT REMEDIAL DESIGN WORK PLAN FOR 
THE ASH LANDFILL OPERABLE UNIT 

Since its inception in 1941, SEDA's primary mission was the receipt, storage, maintenance, and supply of 

military items. SEDA was proposed for the National Priorities List (NPL) in July 1989. In August 1990, 

SEDA was finalized and listed under Group 14 on the Federal Section of the NPL To facilitate 

resolution of contamination issues at SEDA, the USEPA, NYSDEC, and the Army entered into a FFA, 

also known as the Interagency Agreement (IAG). This agreement stated that future investigations would 

be based on Comprehensive Environmental Response, Compensation, and L iability Act (CERCLA) 

guidelines, and that the Resource Conservation and Recovery Act (RCRA) was considered 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. 

The location of the Ash Landfill OU, also referred to as the Ash Landfill Site, is shown relative to SEDA 

in Figure 2-1. The Ash Landfill OU is composed of five solid waste management units (SWMUs). As 

shown in Figure 2-2, the five SWMUs that comprise the Ash Landfill OU are the Incinerator Cooling 

Water Pond (SEAD-3), the Ash Landfill (SEAD-6), the NCFL (SEAD-8), the Debris Piles (SEAD- 14), 

and the Abandoned Solid Waste Incinerator Building (SEAD-15). 

The area currently defined as the Ash Landfill OU was used for a variety of waste disposal activities 

between I 941 and I 979. Between 1941 and 1974, trash was burned in a series of bum pits near a now

abandoned incinerator building (SEAD-15). In 1974, an incinerator was built on the site and was used 

between 1974 and 1979 to bum domestic waste from Depot activities and family housing. Fly ash and 

other residue from the incinerator were temporarily placed in an unlined cooling pond (SEAD-3) 

immediately north of the incinerator building. When ash and residue from the incinerator filled the 

cooling pond, this material was transpo1ied and buried in the adjacent Ash LandfilJ (SEAD-6). The 

landfill was apparently covered with native soils of varying thickness, but was not closed with an 

engineered cover or cap. Large items, including construction debris that could not be burned were 

disposed of at the NCFL (SEAD-8). The NCFL, which was used between 1969 and 1977, covers 

approximately 2 acres. Other areas on the site were used for a grease pit and burning of debris (SEAD-

14 ). A fire destroyed the incinerator in May 1979, and the Ash Landfill Site was no longer used. 

2.2 Previous Work 

The nature and extent of the constituents of concern at the Ash Landfill OU were evaluated through a 

comprehensive remedial investigation (RI) program. The Ash Landfill OU was initially estimated to 

encompass an area of approximately 130 acres. Following the RI, the area of the Ash Landfill OU was 

refocused 10 an area of approximately 23 acres. The primary media investigated at the Ash Landfill OU 

were soil, surface water and sediment from Kendaia Creek, on-site wetlands, drainage swales, and 

groundwater. It was determined that surface water and sediment were not media of concern and do not 
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require remediation. During the RI, a groundwater contaminant plume, emanating from the northern 

comer of the Ash Landfill, was delineated. The primary constituents of concern at the Ash Landfill are 

VOCs, primarily chlorinated and aromatic compounds, semivolatile organic compounds (SVOCs), PAHs, 

and, to a lesser degree, metals. Release of the constituents of concern is believed to have occurred during 

the former activities at the Ash Landfill OU, as described above. 

Soil 

Soil contamination was detected during the RI in the "Bend in the Road" area, located northwest of the 

Ash Landfill. During the site investigation, the maximum trichloroethene (TCE) concentration in soil at 

the "Bend in the Road" area was measured as 540,000 micrograms per kilogram (µg/Kg) . 

Interim Removal Action (/RM) 

Between August I 994 and June 1995, the Army conducted a Non-Time Critical Removal Action 

(NTCRA), also known as an Interim Removal Measure (IRM), under the amended requirements of 

CERCLA. The objectives of the removal action were to thermally treat VOCs and P AHs in soils of two 

source areas near the "Bend in the Road" where sampling identified the presence of elevated VOC and 

PAH concentrations. Approximately 35,000 tons of soil were excavated from the two source areas and 

heated to 800-900°F in a Low Temperature Thermal Desorption (L ITO) system. After being heated and 

cooled, the soil was tested for contaminant concentrations prior to backfilling into the excavation area. 

Sampling and analysis of the excavated and treated soil material indicated that these soils were 

successfully treated and met the VOC cleanup criteria [NYSDEC Technical and Administrative Guidance 

Memorandum (T AGM) values] for the project. After the treated soil was backfilled and properly graded 

for drainage control, a vegetative cover was established to prevent erosion. 

The NTCRA was successful in reducing risk due to future exposure to these soils and prevented 

continued leaching of VOCs to groundwater associated with this operable unit. The scope of the removal 

action is described in the Action Memorandum: Ash Landfill Removal Action (Parsons, 1994). The 

NTCRA successfully eliminated the source of further leaching of VOCs to groundwater flowing under 

this operable unit. Sampling and analysis of the treated soil indicated that the soils were successfully 

treated, met the VOC cleanup criteria, and essentially eliminated leaching from source soils to 

groundwater. In the years that have passed since the NTCRA, the positive benefits of the NTCRA have 

been observed in that the concentration of VOCs in groundwater near the original source area has 

decreased by two orders of magnitude. 

PAR and Metals in Soils 

The other compounds of significance detected in the soils were P AHs and metals. P AHs were detected at 

concentrations above the T AGM values in the NCFL and in the various Debris Piles present around the 

former Ash Landfill . In general, the highest PAH concentrations were detected in the NCFL and small 

debris pile surface soils. The metals detected at elevated concentrations (significantly above TAGMs) in 
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soils were copper, lead, mercury, and zinc. These elevated concentrations were found in the Ash Landfill , 

the NCFL, and the Debris Piles, and the highest concentrations of metals were detected at the surface of 

the Debris Piles. These piles are small , localized, surface features that are visibly discemable and do not 

extend into the subsurface. 

Groundwater 

The primary potential impact to human heal th and the environment 1s the groundwater plume, 

approximately 1,100 feet long by 625 feet wide, containing dissolved concentrations of TCE, 1,2-DCE, 

and vinyl chloride (VC) that originated in the "Bend in the Road" area near the north western edge of the 

Ash Landfill. The maximum voe concentration was detected in monitoring well MW-44, located within 

the area considered to be .the source area prior to the soil removal action. In November 1993, the 

concentrations of TCE, 1,2-DeE, and Ve were 51 ,000 ~Lg/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. The nearest 

exposure points for groundwater are the three fannhouse wells, located approximately 1,250 feet from the 

leading edge of the plume. At least one of the fannhouse 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/wea thered shale aquifer and is not present in the deeper 

competent shale aquifer. 

Quarterly Groundwater Monitoring 

Quarterly monitoring)n 1996, 1997 and 1998 detected 1,2-DCE between 1 µg/L and 2 µg/L at monitoring 

well MW-56, which is 225 feet past the Depot boundary. Subsequent sampling of MW-56 in January 

2000 did not detect 1,2-DeE above the detection limit of 1 µg/L . The NYSDEC GA groundwater quality 

standard for 1,2-DeE is 5 µg/L . It is likely that the boundary of the plume extends westward to or 

slightly beyond the Depot boundary. Exceedances over the NYSDEC GA groundwater standard, beyond 

the Depot boundary, have not been observed even when the source remained in place. 

The NTeRA successfully removed voes and SVOes from soil, and positive effects have been observed 

in the groundwater concentration in the area of the removal action. For example, prior to the removal 

action, the concentration of total chlorinated ethenes in MW-44 was 204,000 µg/L. In October 1999 and 

January 2000, the concentrations in MW-44a, the replacement well for MW-44, were 1,104 µg/L and 399 

µg/L, 99.5% and 99.8% reductions in concentrations, respectively. Figure 2-3 depicts the groundwater 

VOC plume based on the results of the January 2000 groundwater sampling and analysis. Recent 

groundwater data indicates that the shape of plume has remained the same since 2000. 

Permeable Reactive Barrier (PRB) 

In December 1998, a 650-foot long permeable reactive iron wall was installed approximately 100 feet east 

of the rai lroad tracks near the property line. The wall was installed as a demonstration project to show 

that the reactive iron wall could be effective in reducing the concentrations of chlorinated ethenes through 

March 2006 Page 2-3 
P:\PIT\Projects\Seneca PBC !\Ash RD Work Plan\Draft\Tex t\Draft RD WP _Ash rev.doc 



SENECA ARMY DEPOT ACTIVITY DRAFT REMEDIAL DESIGN WORK PLAN FOR 
THE ASH LANDFILL OPERABLE UNIT 

reductive dechlorination. The wall was constructed by placing a mixture of 50 percent zero valent 

reactive iron granules and 50 percent sand in a trench with a width of 14 inches and a depth ranging from 

7 to 12 feet. Eleven monitoring wells were installed upgradient, downgradient and within the wall to 

monitor its effectiveness. Groundwater sampling has been performed at these wells since the wall 

installation. 

The first four rounds of groundwater sampling in the vicinity of the wall were evaluated to determine if 

the reactive iron wall technology was effective in destroying TCE in groundwater and whether a reactive 

iron wall would be appropriate for full-scale remediation (Draft Feasibility Memorandum for 

Groundwater Remediation Alternatives Using Zero Valent Iron Reactive Wall at the Ash Landfill , 

Parsons, 2000). The report concluded that the technology was viable, however, future applications would 

require longer reactive iron residence times in order to meet the targeted groundwater standards. 

Additional column and batch testing was performed in August 2001 using site groundwater and reactive 

iron to further understand the reactive iron process and serve as the basis for the future design. Three 

additional rounds of sampling have been conducted on the Ash Landfill wells (Groundwater Monitoring 

Reports, Ash Landfill, Parson, March 2002, July 2002 and November 2002). The results have been 

generally consistent with the previous two rounds. 

Surface Water/ Sediment 

To date, no VOCs or SVOCs have been 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. Metal concentrations were low in surface water, with only iron 

exceeding NYSDEC surface water quality standards (6 NYCRR Subparts 701-705) in three of the six on

site locations. 

The sediments of the wetland adjacent to the "Bend in the Road" (Wetland W-B) contained elevated 

concentrations of cis-1,2-dichloroethene ( cDCE) ( 640 µg/Kg). No other on-site sediment samples 

contained concentrations of VOCs or SVOCs. Metal concentrations in several sediment samples 

exceeded the NYSDEC Sediment Criteria guidelines. Based on this risk assessment for on-site soil, 

sediment, and surface water, no specific remedial activity will be performed on these media. 

Media requiring remediation was not identified at SEAD-3 or SEAD-15 during the RI. 
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3.0 SUMMARY OF BIOWALL PILOT STUDY 

3.1 Introduction and Objectives 

DRAFT REMEDIAL DESIGN WORK PLAN FOR 
THE ASH LANDFILL OPERABLE UNIT 

According to the ROD for the Ash Landfill OU, migration of the groundwater contaminant plume will be 

controlled by the installation of three in situ PRBs (Parsons, 2004). The ROD was written to allow 

flexibility in selecting the most effective medium for the PRB. Previous treatability testing supported the 

use of PRBs using iron filings, and a ZVI wall is currently providing some migration control at the site. 

In the interest of identifying a medium that optimizes cost effectiveness while maintaining performance at 

a level equal to or better than ZVI, a different treatment medium, mulch, was evaluated for the full-scale 

implementation of migration control. The use of mulch was evaluated because the: 

• Cost of iron had tripled and the use of reactive iron was no longer cost-effective; and 

• Use of mulch in reactive walls was found to be as effective as iron at other sites and had gained 

regulatory acceptance for treatment of chlorinated ethene plumes. 

A pilot study was performed by Parsons and the Army from July 2005 to February 2006 to show that the 

use of mulch as the selected wall medium would effectively control migration of groundwater 

contaminants at the site. Permeable biowalls using mulch and sand are being developed as cost effective 

alternatives to other remedial technologies such as ZVI walls. To date, Parsons has worked with the Air 

Force installing permeable biowalls at other sites, including Altus AFB in Oklahoma, Dover AFB, 

Delaware, FE Warren AFB, Wyoming, and Ellsworth AFB, South Dakota. Because this technology has 

been tested at other sites, a pilot study, rather than a bench scale study was deemed appropriate. 

Execution of the pilot-scale study allows for more rapid design and implementation of a full-scale system 

at the site. The objectives of the pilot-scale study were to demonstrate the following: 

• Achieve similar reduction of concentrations of TCE within each biowall as was demonstrated for 

the ZVI PRB; 

• Demonstrate a reduction in total molar chlorinated ethene concentrations in the biowalls and at 

monitoring locations down gradient of the biowalls that is equal to or greater than that achieved in 

the ZVI PRB; 

• Demonstrate that the biowalls create a treatment zone within and downgradient of the trenches 

that is favorable to the long-term enhancement of degradation of TCE and its regulated 

intermediate degradation products; 

• Demonstrate that no chlorinated solvents will exceed NYSDEC GA Standards downgradient (the 

Farm House west of the site) at any time during the estimated remediation timeframe; and 
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• Evaluate biowall design criteria (e.g. , organic carbon generation, degradation rates, residence 

time) and constructability issues (e.g. trenching techniques, trench stability, oil application, and 

subsurface pipe placement) required for effective long-term operation. 

The full results of the pilot study are presented in a technical memorandum "Evaluation Report for the 

Mulch Biowalls at the Ash Landfill Site Seneca Army Depot Activity", provided as Appendix A of this 

document. A summary of the results and conclusions of the study are provided in the sections below. 

3.1.1 Technology Description 

Solid-phase organic substrates used to stimulate anaerobic biodegradation of chlorinated ethenes include 

plant mulch and compost. Mulch may be composted prior to emplacement, or the mulch may be mixed 

with another source of compost, to provide active microbial populations for further degradation of the 

substrate in the subsurface. Mulch is primarily composed of cellulose and lignin, but '·green'· plant 

material is incorporated to provide a source of nitrogen and nutrients for microbial growth. These 

substrates are mixed with coarse sand and emplaced in a trench or excavation in a penneable reactive 

biowall configuration. Biodegradable vegetable oils may also be added to the mulch mixture to increase 

the availability of soluble organic matter. This treatment method relies on the flow of groundwater under 

a natural hydraulic gradient through the biowall to promote contact with slowly-soluble organic matter. 

As the groundwater flows through the organic matter within the biowall, a treatment zone is established 

not only within the biowall, but downgradient of it, as the organic matter migrates with the groundwater 

and microbial processes are established. 

Degradation of the organic substrate by microbial processes m the subsurface provides a number of 

breakdown products, including metabolic acids (e.g., butyric and acetic acids). The breakdown products 

and acids produced by degradation of mulch in a saturated subsurface environment provide secondary 

fennentable substrates for generation of hydrogen, the primary electron donor utilized in anaerobic 

reductive dechlorination of chlorinated ethenes. Thus, a mulch biowall has the potential to stimulate 

reductive dechlorination of chlorinated ethenes for many years. If needed, mulch biowalls can be 

periodically recharged with liquid substrates (e.g., vegetable oils) to extend the life of the biowall. 

The transfonnation of chlorinated ethenes via reductive dechlorination is shown in Figure 3-1. 

Dechlorination is sequential and concentrations of TCE and its dechlorinated products increase and 

decrease as depicted in the schematic below. 
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The schematic above shows the theoretical concentrations TCE and its products expected during 

reductive dechlorination of chlorinated ethenes as outlined in the following steps: 

I. TCE is the predominant contaminant source. 

2. As TCE is reduced, DCE levels increase. 

3. DCE decreases as it is converted to VC. 

4. Finally, VC is further converted to ethene/ethane and other non-toxic by-products. 

The goal of anaerobic biodegradation using biowalls is to completely degrade chlorinated ethenes to 

innocuous end products (e.g., ethene and ethane), without the accumulation and persistence of DCE or 

vc. 

3.2 Pilot Study Description 

In July 2005, two biowalls were constructed in parallel positioned perpendicular to the path of 

groundwater flow in the vicinity of monitoring well PT-l 2A as shown on Figure 2-2. The selected area 

for installation has historically shown the highest concentrations of chlorinated ethenes within the Ash 

Landfill VOC plume. The eastern biowall is 150 feet long and averages 11 .3 feet deep, by 3 feet wide. 

The western biowall is 150 feet long and averages 10. 7 feet deep, by 3 feet wide. The biowalls were 

installed 15 feet apart by Sessler Wrecking of Waterloo, New York. 

A mixture of 200 cubic yards (cy) of shredded mulch and 150 cy of sand was backfilled in the biowall 

trenches. The mulch consisted of shredded p lant material, a mix of whole deciduous and evergreen trees. 

The mulch/sand mix for the western biowall was coated with 880 gallons of soybean oil prior to 

placement to evaluate if it would enhance the effectiveness of the mulch mixture. Additionally, a 3-inch 

diameter slotted high density polyethylene (HOPE) pipe was installed in the western biowall for future 

injection of soybean oil, ifrequired. 
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An excavator was employed to excavate the trench for the biowall. The excavator utilized rock teeth to 

properly key the bottom of the trench through the fractured weathered bedrock and into competent 

bedrock. The backfill material was placed in the trench using a front-end loader. The location and extent 

of the biowall is marked with metal fence posts painted a high visibility color. 

Soil generated during excavation of the biowalls was piled next to the biowall trenches. The final 

disposition of the soil will be dependent on the TCE concentrations. Soil with TCE concentrations less 

than the NYSDEC TAGM value of 0.7 mg/Kg will be used on-site for fill or grading material, and soil 

with concentrations ofTCE greater than the TAGM value may be used as cover material over the biowall. 

Following construction of the biowall, 11 groundwater monitoring wells were installed to fonn two 

monitoring well transects perpendicular to the biowalls. Existing monitoring well PT-1_2A was used as 

the upgradient well for the southern transect. Wells were installed 15 feet upgradient of the eastern wa II, 

within the footprint of each biowall, between the walls, and at distances of 7 .5 and 15 feet downgradienl 

(to the west) of the biowalls. These points were used to monitor groundwater geochemical indicators and 

contaminant concentrations within, between, and downgradient of the dual biowall. 

Four rounds of groundwater monitoring were completed between September 2005 and January 2006 

along each of the two transects. An additional monitoring well (PT-22A) located downgradienl of the 

biowall monitoring network was sampled in the last three sampling rounds. · Monitoring well (MW-39) 

located upgradient of the biowall monitoring network was sampled in December 2005 to collect 

background data. Complete results of the biowall performance monitoring are provided in Appendix A. 

3.3 Conclusions 

Achievement of Pilot-Study Objectives 

The pilot study demonstrated that the biowall effectively met the five objectives. These objectives are 

discussed in further detail below. 

Objective 1: Achieve similar reduction of concentrations of TCE within each individual biowall as was 

demonstrated for the ZVJ PRB described in the Feasibility Memorandum (Parsons, 2000). 

Assessment of Objective ]: TCE concentration reduction is greater than 99% when comparing the 

upgradient wells to the wells within the West Biowall. TCE concentration reduction was between 75-

99.9% in the ZVI PRB. Data from the treatability study for the ZVI wall were used in this assessment 

(I 999/2000). 

Overall, reduction ofTCE concentrations is similar, if not better, in the biowall. 

Objective 2: Demonstrate a reduction in total molar concentrations of chlorinated ethenes in the biowalls 

and at monitoring locations downgradient of the biowalls. Total molar chlorinated ethene concentrations 

were calculated and used to assess the treatment efficiency of the biowalls. Concentrations of chlorinated 
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ethenes plus vinyl chloride were converted to their molar equivalents and added together. Total molar 

chlorinated ethene concentrations at upgradient monitoring wells were compared with those observed in 

the West Biowall and at downgradient monitoring wells. Results from this biowall pilot study were 

compared to the molar reduction results that were calculated from concentration measurements performed 

over time from monitoring wells in and around the ZVI PRB. 

Assessment of Objective 2: The total molar chlorinated ethene reduction is between 86 and 99% when 

comparing the upgradient wells MWT-12R and PT-12A to the wells in the West Biowall (MWT-15 and 

MWT-20). During the last round of sampling, between 97 and 99% reduction in chlorinated ethenes was 

observed in both transects. The total molar chlorinated ethene reduction in the ZVI PRB was between 35-

99.4%. Reduction is equal to, if not greater, in the biowalls than the ZVI PRB. 

Objective 3: Demonstrate that the biowalls create a treatment zone within and downgradient of the 

trenches that is favorable to the long-term enhancement of degradation of TCE and its regulated 

intermediate degradation products, cis-1 ,2-DCE and trans-1 ,2-DCE and VC. 

Assessment of Objective 3: Parameters indicative of chlorinated compound reduction were reviewed. 

Levels indicate that zones within and downgradient of the biowalls have been established. Depressed 

oxygen, nitrate, and sulfate levels indicate that these electron receptors are being exhausted making 

chlorinated compounds a more favorable electron receptor (leading to its eventual destruction) (EPA, 

1998). Increases in carbon dioxide, methane, volatile fatty acids, alkalinity and chlorides indicate that 

enhanced reductive dechlorination processes are occurring (EPA, 1998). 

Anaerobic reductive dechlorination of chlorinated ethenes is a sequential process, and includes the 

production and sequential dechlorination of intermediate dechlorination products (i.e., DCE and VC). 

Enhanced anaerobic bioremediation is successful when chlorinated ethenes are completely degraded to 

innocuous end products (e.g., ethene and ethane), without the accumulation and persistence of DCE or 

VC. Reduction of TCE to DCE yields the most energy to the microcosms facilitating the reaction, as 

TCE are the most oxidized of the chlorinated ethene compounds. Reduction of DCE to VC and VC to 

ethene yields less energy, and typically occurs at slower rates. Therefore, complete dechlorination of 

TCE to ethene/ethane requires a sufficient reaction zone where TCE is first depleted, and the sufficient 

residence time to degrade the DCE and VC that are produced. 

Figures 3-2 through 3-5 show the changes in the fraction of total ethenes from the upgradient wells 

(MWT-12R and PT-12A) to the most downgradient wells (MW-l 7R and MWT-22) for Round 2 data and 

Round 4 data in the North and South Transects. The four sequential dechlorination steps outlined in the 

schematic above are shown on the figures to indicate the phase of the dechlorination process that is 

evident. Figures 3-2 and 3-4 show a snapshot of the dechlorination process for the north and south 

transects during Round 2. Reductive dechlorination has proceeded through steps I (TCE predominates), 

2 (conversion to DCE), and 3 (conversion to VC). In observing the Round 4 data (Figures 3-3 and 3-5), 

it is clear that the biowall system has matured and that step four (conversion of VC) is occurring within 

the biowall system as well as downgradient of the system. The production of ethene is a very positive 
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indicator of complete dechlorination of the chlorinated ethenes present at the site. Ethene and ethane are 

not only being produced within the biowall system but also in the wells downgradient of the system. If 

the process resulted in the sole production of VC, ethene levels would not be increasing as they are during 

the third and fourth sampling rounds. An adequate reaction zone has been established to degrade DCE 

and VC and this zone extends beyond the biowall system itself. 

Objective 4: Demonstrate that no chlorinated solvents will exceed NYSDEC GA Standards at the Farm 

House west of the site at any time during the estimated remediation timeframe. 

Assessment of Objective 4: Sampling conducted in Round 2 included MW-56 located upgradient of the 

Farm House (1,250 feet upgradient). This well remains unaffected by chlorinated solvents and therefore 

downgradient wells may be considered unaffected. ROD-required monitoring and contingency plan 

requirements will assure that down gradient receptors remain unaffected. 

Objective 5: Evaluate biowall design criteria (e.g., organic carbon generation, degradation rates, 

residence time) and constructability issues (e.g. trenching techniques, trench stability, oil application, and 

subsurface pipe placement) required for effective long-term operation. 

Assessment of Objective 5: Based on the results of the biowall study, the following design criteria will be 

· assessed in the Remedial Design Report for this project: 

• Trench constructability; 

• The number, dimensions and location of the Biowalls to provide adequate coverage of the plume 

and adequate retention time to meet remedial action objectives ; 

• Production of other by-products, (e.g. ketones) and any adverse effects downgradient; and 

• The use and frequency of application of vegetable oil in the process. 

Conclusions and Path Forward 

Based on the results of the Ash Landfill Biowall Pilot Study, the following conclusions are summarized 

below: 

• TCE concentration reduction between the upgradient wells and the wells within the second 

biowall (West Biowall) is greater than 99%. 

• The total molar chlorinated ethene reduction between the upgradient wells and the wells within 

the second biowall (West Biowall) is between 86 and 99%. 

• Geochemical data and chlorinated ethene reduction indicates that treatment zones have already 

been established within and downgradient of the dual biowall system. Development of this 
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treatment zone within the South Transect, although present, is lagging the development in the 

North Transect by about 40 to 50 days. 

• The molar fraction of ethene is increasing within and downgradient of the biowall system and is a 

positive indicator of complete dechlorination of the chlorinated ethenes present at the site. If the 

process resulted in the sole production of VC, ethene levels would not be increasing as measured 

during the third and fourth sampling rounds. The presence of VC downgradient of the biowall 

system is solid evidence that treatment zones have begun to be established downgradient of the 

biowall system. Destruction of contaminants is occurring beyond the installed treatment system. 

• Based on mass flux calculations (see Appendix A), ten times as much contaminant mass may be 

sorbed to the soil as is dissolved in the groundwater. It is possible that at least a portion of the 

rebound in concentrations of cDCE downgradient of the biowall is simply due to desorption of 

TCE and transformation to cDCE. 

• Observations of geochemical parameters monitored over the duration of the test indicate that 

advective velocities may be greater than slug test results indicate. Based on the time it took for 

chemical parameters to be observed at the downgradient wells, it appears that flow through the 

North Transect may be on the order of 100 ft/yr. Flow through the South Transect may be 

between 200 and 400 ft/year. Based on these velocities, the residence time through the biowall 

system (approximately 18 feet) would be 66 days for the North Transect and between 16 and 33 

days for the South Transect. 

• Sampling of monitoring well MW-56 located upgradient of the Farm House was conducted in 

Round 2. The results showed no contaminant concentrations exceeding the Class GA 

groundwater standards. 

• Certain ketones are being produced as a result of fermentation reactions within the biowalls. 

These readily degrade in aerobic conditions and the magnitude of the concentrations of acetone, 

2-butanone and 2-hexanone within the biowall anaerobic reaction zone are decreasing as the 

levels of TOC and metabolic acids decrease. These ketones have not been detected in the 

groundwater 150 feet downgradient of the biowalls. Therefore, it is not anticipated that these 

compounds will adversely impact groundwater quality outside of the immediate biowall treatment 

zone. 

• Sufficient design infonnation has been acquired during the pilot study to proceed with full-scale 

design. 

The five objectives of the biowall pilot study have been met. The pilot study results have proven that a 

mulch biowall is effective at achieving complete dechlorination of TCE and its daughter products, and the 

biowall performance has been shown to be comparable, if not superior to that of the ZVI wall. In light of 
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this information, mulch has been selected as the media for the full-scale PRBs, and the Anny 

recommends that full-scale design of a biowall groundwater treatment system for the Ash Landfill 

commence. 
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4.0 SUMMARY OF REMEDIAL DESIGN ACTIVITIES 

DRAFT REMEDIAL DESIGN WORK PLAN FOR 
TH E ASH LANDFILL OPERABLE UNIT 

During the Rl , contaminated soil and groundwater were identified at the Ash Landfill Site. The proposed 

remedial activities for the Ash Landfill Site, as selected in the ROD for the Ash Landfill (Parsons, 2004) 

are classified as either soil remediation or groundwater remediation. The voe contaminated soils north 

of the Ash Landfill that served as the source of groundwater contamination were removed by the 

NTeRA, as discussed in previous sections. Contaminated soil remaining at the site located at the Debris 

Piles, the Ash Landfill, and the NCFL pose a potential threat to ecological receptors due to elevated 

concentrations of PAHs and metals. The threat of ecological risk will be mitigated by excavating and 

disposing off-site the debris and associated soil from the Debris Piles, and by installing a 12-inch th ick 

vegetated soil cover over the Ash Landfill and NCFL. The installation of soil covers will be performed to 

prevent direct contact with landfilled materials, and is not intended to prevent infiltration of precipitation 

into the subsurface. 

Groundwater remediation is required for the approximately I, I 00-foot long by 625-foot wide chlorinated 

voe contaminant plume that extends from the fonner source area at the "Bend in the Road". The 

groundwater remediation alternative will reduce VOC concentrations and decrease the size of the 

contaminant plume. The selected approach for plume migration control is to biologically degrade VOCs 

using a series of PRBs positioned perpendicular to the principal direction of groundwater flow. 

Additional migration control will be provided by the ZVI wall already installed at the toe of the plume in 

December 1998. The pilot-scale dual biowall system installed in July 2005 will be incorporated into one 

of the full -scale dual wall PRBs. 

The components of the remedial action include the following: 

• Excavation and off-site disposal of Debris Piles, and establishment and maintenance of a 

vegetative soil cover for the Ash Landfill and the NCFL for protection of ecological receptors; 

• Installation of in situ PRBs walls, and maintenance of the proposed walls and the existing wall for 

migration control of the groundwater plume; 

• Backfilling and re-grading the Incinerator Cooling Water Pond (SEAD-3) to fill the pond during 

the excavation of the Debris Piles; 

• Development of a Contingency Plan to treat the groundwater m the event that the selected 

groundwater remedy is not effective; 

• Land Use Controls (LUes) to attain the remedial action objectives; and 

• Completion of a review of the selected remedy every five-years (at minimum), in accordance 

with Section 12l(c) of the CERCLA. 

The Remedial Design will provide details on how these activities will be implemented and completed. 
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4.1 Site Preparation 

DRAFT REMEDIAL DESIGN WORK PLAN FOR 
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Site preparation will be required prior to construction activity al the Ash Landfill Site. As part of the final 

design report, the specifications will be developed for the following activities, at a minimum: 

• Mobilization details; 

• Siting of staging areas for construction activities; 

• Clearing and grubbing requirements; 

• Identification of obstructions and utilities, both overhead and underground; 

• Stonn water, erosion, and sediment control measures; 

• Site survey; 

• Protection of monitoring wells; 

• Site controls and security; and 

• Site health and safety. 

Particular attention will be given to the design of erosion and sedimentation control so that the adjacent 

wetland areas are protected from sedimentation during site construction. 

4.2 Soil Remediation 

4.2.1 Excavation and Debris Removal 

The first part of the preferred soil remediation activity is the excavation and removal of the Debris Piles 

(SEAD-14). Since the highest measured concentrations of PAHs and metals were found in the Debris 

Piles, the removal of the debris and associated soil is expected to remove the primary source of these 

classes of contaminants at the Ash Landfill Site. The following details will be included as part of the 

design: 

• Limits of the excavations; 

• Screening and so1ting debris and soi I, if required; 

• Identification of potential disposal facilities and disposal requirements; 

• Disposal characterization procedure; 

• Soil staging and stockpiling description; 
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• Management of run-off waters and excavation waters; 

DRAFT REMEDIAL DESIGN WORK PLAN FOR 
THE ASH LANDFILL OPERABLE UNIT 

• Perimeter air monitoring conducted in accordance with the New York State Department of Health 

(NYSDOH) Generic Community Air Monitoring Plan (CAMP); and 

• Confirmatory sampling, as outlined in the Field Sampling Plan (FSP) that will be submitted as 

part of the Design Report. 

4.2.2 Design of Vegetative Soil Cover 

The Ash Landfill (SEAD-6) and NCFL (SEAD-8) will be covered with a vegetative soil cover. The cover 

will be 12 inches thick and composed of backfill material. The purpose of the vegetative soil cover is to 

provide an effective barrier against human and ecological exposure via direct contact and to promote 

vegetative growth. 

Prior to cover placement, a slight grading of the landfill may occur for the purpose of generally 

maintaining the natural contour of the surrounding area. Since the cover's purpose is as a protective 

barrier to prevent direct contact and not as a low permeability precipitation infiltration barrier, minimum 

cover grades of 5 percent will not be required. Potential sources of fill for covers will be identified during , 

the design. The cover will be seeded to prevent erosion. The final lateral extent of the cover, grading 

requirements, and cover placement specifications will be developed as part of the design. The operation 

and maintenance requirements for the vegetative soil cover will be detailed in the site-specific Post-

Closure Monitoring and Maintenance Plan (PCMMP) submitted as part of the Design Report. An erosion 

and sedimentation control plan will be developed as part of the design to prevent sedimentation damage 

of adjacent wetlands. Storm water controls (i .e. drainage swales) will not be required for this project. 

4.3 Groundwater Remediation 

Groundwater remediation will be required to prevent off-site migration of the VOC plume at the Ash 

Landfill OU. Migration control may be accomplished by the installation of a series of PRBs positioned 

perpendicular to the principal direction of groundwater flow. Additional migration control may be 

provided by the ZVI wall already installed at the toe of the plume in December 1998. The pilot-scale dual 

biowall system installed in July 2005 will be incorporated into one of the full-scale dual wall PRBs. A 

pilot study was conducted in 2005 to evaluate the effectiveness of using mulch biowalls as PRBs in place 

of the ZVI PRBs. The results of the study indicated that mulch would be as effective at reducing the 

VOC plume as the ZVI wall. The PRBs for this site may consist of an excavated trench extending to 

bedrock and backfilled with mulch mixed with coarse sand. Biowalls are designed to maintain the natural 

groundwater flow gradient through the wall, with the creation of a treatment zone within and 

downgradient of the biowall that is favorable to degradation of TCE and its daughter products. The 

biological PRBs promote in situ bioremediation of chlorinated VOCs using a permeable biowall 

comprised of mulch, which reduces TCE and cDCE to ethenes and ethanes. 
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Monitoring well MW-56, located on the adjacent property approximately 1,250 feet upgradient of the 

farm house wells, will serve as a trigger well and will be sampled to monitor that the plume is not 

migrating off-site above groundwater standards. A contingency plan will be developed during the design 

and may be put into effect if voes are detected at concentrations above the groundwater standards at the 

trigger well, MW-56. 

4.3.1 Design of Permeable Reactive Barriers 

The pilot-scale dual biowall system will be incorporated into the full-scale system, and additional dual 

biowalls would be installed at other portions of the plume, to shorten plume cleanup time. The objective 

of installing multiple biowalls is to establish a larger biowall system that will reduce the voe loading 

entering each wall and to increase the residence time of groundwater in the system. During the design, 

the locations and configurations of the biowalls will be determined. The biowall layout will be designed 

to optimize the creation of anaerobic zones that will effectively degrade the contaminant plume. 

Additional factors to be considered during design in this optimization include the following: 

• Wall dimensions; 

• Spacing between walls; 

• Ratio of mulch materials to sand fill; 

• Use of mulch enhancements such as vegetable oil; 

• Size of the treatment zones; and 

• Estimate of the biowalls life expectancy. 

The depth and length of each biowall will be defined by the local geology and the contaminant plume 

width. At the Ash Landfill OU, bedrock is typically located between 7 and 15 feet below ground surface 

(bgs). The length of each wall (measured perpendicular to the principal groundwater flow direction) may 

be governed by the width of the groundwater contaminant plume. The installation methods used to install 

the pilot scale biowalls will be used to install the additional full-scale biowalls. 
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5.0 PRE-DESIGN FIELD DATA COLLECTION 

Additional pre-design field data collection will not be required. 
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6.0 REQUIREMENTS FOR TREAT ABILITY STUDIES 

DRAFT REMEDIAL DESIGN WORK PLAN FOR 
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A pilot study to assess the effectiveness of mulch as the selected media in biowalls was conducted from 

July 2005 to February 2006. The results of this recent pilot study are presented in a report attached as 

Appendix A. No additional treatability studies will be required for the Ash Landfill site. 
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7.0 DE:SIGN DOCUMENTS 

This section of the Remedial Design Work Plan outlines the tasks necessary to prepare the Design Report, 

which will be used as the basis for construction bid documents. 

The design will include a Design Report containing the design, drawings, and specifications. The design 

will be developed using the guidelines presented in the Remedial Design/Remedial Action Handbook 

(USEPA, June 1995). The Design Report will be submitted to NYSDEC and USEPA to initiate the 

formal review process, as outlined in the FFA. The following subtasks outline the major components of 

the design: 

7.1 Sit1e Visit/Review of Existing Information 

Prior to design document preparation, the site will be visited for the purpose of gaining familiariity with 

current site conditions and requirements. In addition, the following documents will be reviewed: 

• Remedial Investigation Report, Ash Landfill, Seneca Army Depot Activity, Final. (Parsons, 

1994); 

• Feasibility Study Report, Ash Landfill, Seneca Army Depot Activity, Final. (Parsons, 1996); 

• Feasibility Memorandum for Ground Water Remediation Alternatives Using Zero Valence iron 

Continuous Reactive Wall at the Ash Landfill, Drai. (Parsons, 2000); 

• Proposed Plan for the Ash Landfill, Final. (Parsons, 2002); 

• Final Record of Decision (ROD) for the Ash Landfill Operable Unit, Final. (Parsons, 2004 ); 

• Ash Landfill Biowall Pilot Study Work Plan, Final. (Parsons, 2005a); and 

• Evaluation Report for the Mulch Biowal/s at the Ash Landfill Site. (Parsons, 2006). 

7.2 Des.ign Components/Engineering 

As part of the Design, Parsons will address, at a minimum, the following design components: 

• Design of dust control, erosion control, and wetland protection measures; 

• Identification of underground and overhead utility obstructions; 

• Delineation oflateral and vertical limits of soi l to be excavated from the Debris Piles; 

• Delineation of the boundary of the soil cover for each landfill; 
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• Estimation of the excavated debris and soil volume; 

• Estimation of the debris and soil volume requiring transport and off-site disposal; 

• Identification of potential off-site landfills for disposal; 

• Estimation of the volume of surface and subsurface water to be collected and treated during 

excavation and construction; 

• Selection of components for the soil cover and identification of potential on-site and off-site 

borrow sources; 

• Specification of dimensions and location for eacl1 PRB; 

• Selection of the mulch mixture for all PRBs; 

• Detennination of permit requirements for air, surface water, and groundwater; and 

• Identification of potential archeological issues. 

7.3 Design Drawings 

The drawings will be 24-inch by 36-inch in size and are anticipated to include the following: 

C- 1 Ti tie Page and Site Location Plan; 

C-2 General Notes and Legend; 

C-3 Existing Conditions Plan; 

C-4 Previous Investigation Location Plan; 

C-5 Excavation and Vegetative Soil Cover Plan; 

C-6 Permeable Reactive Barrier Location Plan; 

C-7 Permeable Reactive Barrier Cross Sections; 

C-8 Miscellaneous Details 1; and 

C-9 Miscellaneous Details II. 

7.4 Technical Specifications 

Inclusion of the following specifications is anticipated: 
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Division 1 - General Requirements 

0 I 025 Measurement and Payment 

0 1350 Submittal Procedures 

0 I 100 Safety, Health, and Emergency Response 

01110 Environmental Protection 

01400 Quality Control 

01500 Temporary Construction Facilities 

Division 2 - Site Work 

02100 Clearing and Grubbing 

02140 Construction Water Management 

02219 Contaminated Materials Excavation and Disposal 

02222 Excavation 

02223 Select Fill and Topsoil for Landfill Cover 

02900 Mulch 

02990 Seeding 

7.5 Field Sampling Plan 

DRAFT REMEDIAL DESIGN WORK PLAN FOR 
THE ASH LANDFILL OPERABLE UNIT 

A site-specific Field Sampling Plan (FSP) will be developed. The FSP will provide the procedure for 

sampling and analysis and data validation that demonstrates cleanup goals were met after the excavation 

of the Debris Piles. The FSP will also address disposal characterization sampling, trench spoils analysis, 

fill material analysis, excavation water and surface run-off water analysis, and sampling procedures as 

outlined in the "Final Sampling and Analysis Plan for Seneca Army Depot Activity (SAP)" (Parsons, 

2005b). 

7.6 Construction Quality Plan 

A site-specific Construction Quality Plan (CQP) will be prepared and submitted as a section in the Design 

Report. The CQP will delineate the personnel responsibilities and chain of command during construction. 

The CQP will include descriptions of quality assurance and quality control testing protocols that will be 

used during all phases of construction. The protocols anticipated for this project include, but may not be 
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limited to, cleanup verification testing, geotechnical laboratory testing, backfill placement, establishment 

of vegetation, installation of PRBs, and installation of monitoring wells. 

7.7 Post-Closure Monitoring and Maintenance Plan 

A site-specific Post-Closure Monitoring and Maintenance Plan (PCMMP) will be prepared and submitted 

as a section in the Design Report. The PCMMP will specify procedures that will be implemented upon 

completion of all required remedial actions and will address necessary procedures for maintaining the 

remedy at the site. The PCMMP will detail sampling and analysis of groundwater to show that remedial 

action is perfonning as intended. The plan will specify the sampling locations, required analysis, and the 

frequency and duration of monitoring. The plan will also develop an approach for determining if the 

remedial objectives are being met at this site. 

7.8 Remedial Action Schedule 

A preliminary schedule for remedial action (RA) activities at the Ash Landfill Site will be developed and 

submitted as part of the Design Report. 

7.9 Health and Safety Plan 

Parsons has prepared a single document, separate from the Design Report that contains the Health and 

Safety Plan (HSP), "Project Safety Plan and Site-Specific Health and Safety Plan for Remediation of the 

Seneca Army Depot Activity" (Parsons, 2005c). The HSP will protect site workers through the 

identification, evaluation, and control of health and safety hazards. 

7.10 Contingency Plan for Design Activities 

A Contingency Plan will be developed to include one of the following options; provision of an alternative 

water supply for potential downgradient receptors (farmhouse) or air sparging of the plume in the event 

that VOCs are detected above regulatory limits at the trigger well, MW-56, located off-site downgradient 

of the Ash Landfill OU. 

7.11 Waste Management Plan 

A Waste Management Plan (WMP) will be prepared and submitted as a section in the Design Report. 

The WMP will address excavated material disposal issues, such as the identification of appropriate 

disposal facilities, disposal procedures for soil that fails to meet TCLP requirements, and pennit 

requirements. 

7.12 Design Report 

Parsons will submit a Design Report that includes design, drawings, and specifications. The Design 

Report will also contain the FSP, CQP, PCMMP, and WMP. Parsons will also incorporate NYSDEC's 

and USEPA's comments on the Design Report into the Final Design Report. 
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7.13 Review Process 

DRAFT REMEDIAL DESIGN WORK PLAN FOR 
THE ASH LANDFILL OPERABLE UNIT 

Parsons will issue the Preliminary Design Report to the Anny for review and comment. After 

incorporation of Army comments, all documents that contribute to the Preliminary Design will be 

submitted to NYSDEC and USEPA for their review. The design will be modified by incorporating 

comments received from NYSDEC and USEP A into the Final Design Report. Once the Army receives 

any additional regulatory comments, the Final Design will be modified, as necessary, until approved by 

NYSDEC and USEP A. 
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8.0 DESIGN TEAM 

DRAFT REMEDIAL DESIGN WORK PLAN FOR 
THE ASH LANDFILL OPERABLE UNIT 

For Parsons, the following key project staff has been assigned to the remedial design program: 

Project Manager: Todd Heino, P.E. 

Technical Directors Doug Downey/John Lanier 

Project Engineer: Tom Andrews, P.E. 

Technical/Quality Review: Jackie Travers, P.E. 
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9.0 HEALTH AND SAFETY PLAN OF ACTION FOR DESIGN ACTIVITIES 

All field a,ctivities during the remedial design will be perfonned in accordance with the site-specific 

health and safety plan (HSP), "Project Safety Plan and Site-Specific Health and Safety Plan for 

Remediation of the Seneca Anny Depot Activity" (Parsons, 2005c) in accordance with Parsons' Safety, 

Health, andl Risk Program (SHARP) Manual. The construction contractor will review Parsons' HSP and 

develop their own HSP written specifically for remedial design activities. The Health and Safety Plan of 

Action portion of this document will protect site workers through the identification, evalua ti,on, and 

control of health and safety hazards. 
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10.0 SCHEDULE FOR COMPLETION OF DESIGN 

DRAFr REMEDIAL DESIGN WORK PLAN FOR 
THE ASH LANDFILL OPERABLE UNIT 

A schedule for the remedial design is presented as Figure 10-1. The schedule allows 30 days for the 

Anny, NYSDEC, and USEPA to review and provide comments on the design documents. It also allows a 

week for Parsons to incorporate comments into the design documents. The construction bidding process 

will begin immediately after approval. This schedule will be updated on a continuing basis. 
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11.0 PERMITTING REQUIREMENTS 

DRAFT REMEDIAL DESIGN WORK PLAN FOR 
THE ASH LANDFILL OPERABLE UNIT 

While formal permits are not needed for a CERCLA site remediation, any applicable state or local 

regulatory permit requirements will be met. Such requirements include Seneca County Sewer District 

No. 2 water discharge requirements. No special local Town of Romulus requirements have been 

identified that will need to be met other than SEDA security procedures. 
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Figlu e 10-1 
Remedial Design Schedule 
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Seneca Army Depot Activity, Romulus, New York 
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Seneca Army Depot Activity 

Date: 

To: 

From: 

TECHNICAL MEMORANDUM 

March 31, 2006 

.Julio Vazquez, USEPA 

Kuldeep Gupta, NYSDEC 

Charlotte Bethoney, NYSDOH 

Todd Heino, Parsons; Jackie Travers, Parsons 

Draft Evaluation Report 

Subject: Draft Evaluation Report for the Mulch Biowalls at the Ash Landfill Site, Seneca 
Army Depot Activity, Romulus, New York 

This Evaluation Repo11 assesses the monitoring results ·for enhanced in-situ bioremediation of 

chlprinated solvents via two mulch biowalls at the Ash Landfill at Seneca Army Depot Activity, 

-R~~ulus, New York. In accordance with the Record of Decision (ROD) for this site, the selected 

remedy includes installation of three in situ penneable reactive walls for the treatment of 

groundwater. The use of reactive walls containing zero-valent iron (ZVI) has been assessed at the site 

in the past (Parsons, 2000). This Evaluation Report assesses the performance of reactive walls 

containing mulch to enhance biodegradation. The performance of the mulch biowalls is compared to 

the performance of the ZVI wall, as outlined in the Ash Landfill Biowall Pilot Study Work Plan 
(Parsons, 2005). 

This Report summarizes data collected by Parsons for the four rounds of sampling in September, 

2005, October, 2005, December, 2005 and January 2006. Two permeable mulch biowalls were 

installed in July 2005 in accordance with the Ash Landfill Biowall Pilot Study Work Plan (Parsons, 
May 2005). 

1 INTRODUCTION 

Solid-phase organic substrates used to stimulate anaerobic biodegradation of chlorinated ethenes 

include plant mulch and compost. Mulch may be composted prior to emplacement, or the mulch may 

be mixed with another source of compost, to provide active microbial populations for further 

degradation of the substrate in the subsurface. Mulch is primarily composed of cellulose and lignin, 

but "green" plant material is incorporated to provide a source of nitrogen and nutrients for microbial 

growth. These substrates are mixed with coarse sand and emplaced in a trench or excavation in a 

permeable reactive biowall configuration. Biodegradable vegetable oils may also be added to the 

mulch mixture to increase the availability of soluble organic matter. This treatment method relies on 

the flow of groundwater under a natural hydraulic gradient through the biowall to promote contact 

with slowly-soluble organic matter. As the groundwater flows through the organic matter within the 
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biowall, a treatment zone is established not only withjn the biowall, but downgradient of it, as the 

organic matter migrates with the groundwater and mjcrobial processes are established. 

Degradation of the organic substrate by microbial processes in the subsurface provides a number 
of breakdown products, including metabolic acids (e.g., butyric and acetic acids). The breakdown 

products and acids produced by degradation of mulch in a saturated subsurface environment provide 
secondary fermentable substrates for generation of hydrogen, the primary electron donor utilized in 

anaerobic reductive dechlorination of chlorinated ethenes. Thus, a mulch biowall has the potential to 
stimulate reductive dechlorination of chlorinated ethenes for many years. If needed, mulch biowalls 
can be periodically recharged with liquid substrates (e.g., vegetable oils) to extend the life of the 

biowall. In addition to the application at Seneca Anny Depot, mulch biowalls for degradation of 
chlorinated ethenes also have been installed at Altus AFB, Oklahoma, Offutt AFB, Nebraska (Haas et 

al., 2000 and 2003; Aziz et al., 2001 and 2003), F.E. Warren AFB, Wyoming (Parsons, 2004), and 
Naval Weapons Industrial Reserve Plant, McGregor, Texas (Cowan, 2000). 

Reductive dechlorination is the most important process for natural biodegradation of the more 
. ' 

highly chlorinated sol vents (EPA, 1998) and is shown in Figure I . Complete dechlorination of TCE 

and the other chlorinated solvents present in the groundwater is the goal of anaerobic biodegradation 
using the mulch biowall technology. 

1.1 Objective 

Two parallel permeable mulch biowalls were installed at the Ash Landfill site at the Seneca Army 
Depot in July 2005 to stimulate anaerobic biodegradation of chlorinated ethenes in groundwater on a 
pilot-scale level. In particular, the two biowalls were installed across the path of groundwater flow 

near the TCE plume source to demonstrate that a mulch biowall would be equally as effective as a 
permeable reactive iron (ZVI) wall in promoting the in-situ bioremediation of trichloroethene (TCE) 

and cis-1,2-dichloroethene ( cDCE) in groundwater (see Figure 2). The objective of the future full
scale biowall application is to treat a shallow groundwater plume contaminated with TCE, cDCE and 

VC in order to prevent off-depot migration. The biowall is composed of shredded leaves, bark and 
wood mulch, and sand (to maintain permeability). The mulch and compost substrates are intended to 
be used as solid-phase, long-term carbon sources to stimulate anaerobic degradation of chlorinated 
ethenes. 

Two parallel walls were installed to represent two separate scenarios. Each individual wall could 
be assessed on its own with the most upgradient wall treating the highest concentration groundwater 

and the second wall treating lower concentrations. Secondly, the walls could be assessed as a dual 
wall system. 

Specifically, the pilot study was performed to demonstrate the following: 

• Achievement of similar reduction of concentrations of TCE within the biowall as was 
demonstrated for the ZVI PRB described in the Feasibility Memorandum (Parsons, 2000). 
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• A reduction in total molar concentrations of chlorinated ethenes in the biowalls and at 

monitoring locations downgradient of the biowalls. One metric used to evaluate biowall 

effectiveness in meeting this performance objective was to demonstrate that the treatment 

efficiency achieved by the biowalls was equal to or greater than the percent molar reductions 

observed for the ZVI pilot-scale treatability study. The method used to evaluate this metric 

was to compare total molar chlorinated ethene concentrations at upgradient monitoring wells 

with those observed within the second biowall at downgradient monitoring wells. This is a 

slight change from the pilot study work plan in that the walls were evaluated as a dual wall 

system rather than individually. Results from this biowall pilot study were compared to the 

molar reduction results that were calculated from concentration measurements performed 

over time from monitoring wells in and around the ZVJ PRB. 

• That the biowalls create a treatment zone within and downgradient of the trenches that is 

favorable to the long-term enhancement of degradation of TCE and its regulated intermediate 

degradation products, cis-1,2-DCE, trans-1,2-DCE and VC. This performance objective was 

demonstrated through the evaluation. of the groundwater geochemical conditions that are 

created within and downgradient of the biowall, and comparison of these conditions to sites 

where other biowalls have been installed. The long-term goal of constn.ieting multiple 

biowalls is to degrade chlorinated ethenes to concentrations below the NYSDEC GA 
standards. 

• That no chlorinated solvents will exceed NYSDEC GA Standards at the Fann House west of 

the site at any time during the estimated remediation timeframe. 

• Evaluate biowall design criteria ( e.g., organic carbon generation, degradation rates, residence 

time) and constructability issues (e.g. trenching techniques, trench stability, oil application, 

and subsurface pipe placement) required for effective long-term operation. 

This report shows that the pilot study objectives have been met and the Anny intends on 

submitting a remedial design work plan incorporating this technology. 

1.2 Scope of Work 

Site-specific activities conducted at the Ash Landfill in support of the enhanced bioremediation 
field application include: 

• Installation from July 18 to July 22, 2005 of two parallel 150-foot-long, by I I-foot-deep, by 

3.0-foot-wide mulch biowalls composed of shredded leaf, bark and wood mulch, and sand. 

The mulch/sand mixture in the easternmost wall was coated with soy bean oil prior to 
placement in the trench; 

• Installation of 11 groundwater monitoring wells on August 1 1, August 12 and August 22, 
2005; 
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• Post-installation sampling of groundwater at the newly installed monitoring wells and 

existing monitoring well PT- l 2A in September 7-12, 2005 (Round l ), October 24-26, 2005 

(Round 2), December 12-16, 2005 (Round 3) and January 24-28, 2006 (Round 4); and 

• Aquifer testing (hydraulic conductivity) of the newly installed monitoring wells. 

Groundwater samples were collected after installation of the biowall and were analyzed for 

chlorinated solvents and their dechlorination products, dissolved oxygen (DO), nitrate, nitrite, ferrous 

iron, manganese, sulfate, sulfide, carbon dioxide, methane, ethane, ethene, oxidation-reduction 

potential (ORP), alkalinity, pH, temperature, specific conductance, total organic carbon (TOC), 

volatile fatty acids (VF As), and chloride. 

March 2006 Page 1-4 
P:\PIT\Projccts\Scneca PBC I\Pilot Study Report\Draft Report\ Draft Pilot Study Repo,t- rev.doc 



Seneca Army Depot Activity Draft Evaluation Report 

2 SITE DESCRIPTION 

The Ash Landfill site was initially estimated to encompass an area of 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 site was refocused to 

an area of approximately 23 acres. This area is comprised of five Solid Waste Management Units 

(SWMUs) including: 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 Debris Piles are located near SEAD-

14. The Ash Landfill (SEAD-6) also includes a groundwater plume that emanates from the northern 

western side of the landfill area. The groundwater plume extends I, I 00 feet from the original source 

area to the western depot property line. The plume consists of chlorinated ethenes (TCE, DCE, etc.). 

An RI/FS investigation was completed in 1996. 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 to remove the source area. This source 

removal a~tion involved the excavation of 63,000 cubic yards of soil and treatment using Low 

Temperature Thermal Desorption. The surface area involved approximately 1.5 acres. 

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. 

A zero valence iron (ZVI) treatability study was performed between 1998 and 2001 and showed 

that the permeable wall would degrade chlorinated ethenes. Based on good performance data from 

the ZVI treatability study, a 650 foot by 15 foot by 14-inch wide trench was excavated near the depot 

property line and backfilled with a 50/50 mix of zero valent iron and sand. A performance 

monitoring well network was sampled and analyzed from 1999 to 2004 to assess the performance of 

the wall. A ROD for this site was subsequently issued in February 2005 and included the use of 

permeable walls as migration control for the groundwater contamination on site. 

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

of glacial till. As part of the Appalachian Plateau, the region is underlain by a tectonically 

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 before present [bp]) till deposits overlie the shales, which have a thin (2 to 3 feet) 

weathered zone at the top. The till matrix varies locally, but generally consists of unsorted silt, clay, 

sand, and gravel. At the Ash Landfill Operable Unit, the thickness of the till generally ranges from 4 
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to 15 feet. At the location of the biowalls, the thickness of the till and weathered shale 1s 
approximately 10 to 15 feet. 

Groundwater is present in both the shallow till/weathered shale and in the deeper competent shale. 

In both water-bearing units, the predominant direction of groundwater flow is to the west, toward 

Seneca Lake. Based on the historical data, the wells at the Ash Landfill site exhibit rhythmic, 

seasonal water table and saturated thickness fluctuations. The saturated interval is at its thinnest 

(generally between I and 3 feet thick) in the month of September and is the thickest (generally 

between 6 and 8.5 feet thick) between the months of December and March. 

The average linear velocity of the groundwater in the till/weathered shale was calculated during 

the R1 using the following parameters: 1) an average hydraulic conductivity of 4.5 x l 0-4 centimeters 

per second (cm/sec) (1.28 feet per day [ft/day]), 2) an estimated effective porosity of 15% (0.15) to 

20% (0.20), and 3) a groundwater gradient of 1.95 x l 0-2 foot per foot (ft/ft) (Parsons Engineering 

Science, Inc. [ES], 1994a). The average linear velocity was calculated to 0.166 ft/day or 60.7 fe.et p er 

year (ft/yr) at 15% effective porosity and 0.125 ft/day or 45.5 ft/yr at 20% effective porosity. The 

actual velocity on-site may be locally influenced by·more penneable zones possibly assuciated with 
differences in the actual porosity of the till/weathered shale . 

.. .. 

The average linear velocity of the groundwater in the competent shale was calculated using the 

following parameters: 1) an average hydraulic conductivity of3.73 x 10-5 cm/sec (0.106 ft/day), 2) an 

estimated effective porosity of 6.75% (0.0675), and 3) a groundwater gradient of 2.5 x 10-2 ft/ft. An 

average linear velocity of 3.9 x l 0-2 ft/day or 14.3 ft/yr was calculated for the competent shale. 

TCE and the dichloroethene isomer cDCE are the most prevalent chlorinated ethenes in both 

extent and concentration in groundwater at the Ash Landfill. The area extent of TCE based on 

groundwater samples collected in January 2000 is illustrated in Figure 2. Subsequent monitoring has 

shown little change since then. The TCE plume originates from the Ash Landfill and extends west 

approximately 1,000 feet to the Depot's western boundary. Concentrations of total chlorinated 

ethenes in January ranged up to 2,088 micrograms per liter (µg/L). The plume is bounded to the west 

by the monitoring well (MW-56) located on the adjacent property as evidenced by historic sampling. 

The plume is currently controlled by the 650 foot long permeable reactive wall installed upgradient of 
the depot property line. 
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3 BIOWALL CONSTRUCTION 

Two biowalls were constructed perpendicular to the path of groundwater flow in the vicinity of 

monitoring well PT-12A as shown on Figure 2. The selected area for installation has shown the 
highest concentrations of chlorinated ethenes. The biowalls were constructed to demonstrate the 
technology could be as effective as the existing zero-valent iron wall in reducing chlorinated ethene 

concentrations. The eastern biowall is 150-foot-long and averages 11 .3 feet deep, by 3-foot-wide. 
The western biowall is 150-foot-Jong and averages 10.7 feet deep, by 3-foot-wide. The walls were 

installed 15 feet apart by Sessler Wrecking of Waterloo, New York. A total mix of 200 cubic yards 
of shredded mulch and 150 cubic yards of sand was backfilled in the trenches to form the biowalls. 

The mulch/sand mix for the western biowall was coated with 880 gallons of soybean oil prior to 
placement to evaluate if it would enhance the effectiveness of the mulch mixture. Additionally, a 3-
inch HDPE pipe was installed in the western biowall for future injection of soybean oil if required. 

The mulch consisted of shredded plant material (a mix of whole deciduous and evergreen trees). 

An excavat?r was employed to excavate the trench for the biowall. The excavator utilized rock 

teeth to properly key the bottom of the trench tln-ough the fractured bedrock into the competent 
bedrock. The backfill material was placed in the trench using a loader. Soil generated during 
excavation of the biowalls was piled next to the installed biowall. The final disposition of the soil 
will be dependent on the TCE concentrations as discussed in the pilot study work plan. The location 
and extent of the biowall is marked with metal fence posts painted a high visibility color. 

Following construction of the biowall, 11 groundwater monitoring wells were installed to form 

two monitoring well transects. One existing well PT- I 2A was used as the upgradient well for one of 
the transects. Groundwater monitoring wells were installed along two transects perpendicular to the 
biowalls. Wells were installed I 5 feet upgradient of the eastern wall, within the footprint of each 
biowall, between the walls and at distances of 7.5 and 15 feet downgradient (to the west) of the 

biowalls. These points are used to monitor groundwater geochemical indicators and contaminant 

concentrations within, between and downgradient of the biowall. Figure 3 shows the relative 
locations of the monitoring wells within the two transects. 

March 2006 
P:\PIT\Projects\Sencca PBC !\Pilot Study Report\Draft. Report\Draft. Pilot Study Report-rev.doc 

Page 3-1 



Seneca Army Depot Activity Draft Evaluation Report 

4 MONITORING RESULTS 

Monitoring results from the four rounds of sampling are presented in the following subsections on 

hydrogeology, groundwater geochemistry, substrate and electron donor distribution, and degradation 

of chlorinated ethenes. The results are intended to show that the biowalls have altered groundwater 

geochemistry to promote reductive dechlorination of chlorinated ethenes. Two transects of 

monitoring wells are located along the path of groundwater flow, perpendicular to the two biowall 

trenches (Figure 3). The northern flow path (North Transect) consists of wells MWT-12R through 

MWT- l 7R. The southern flow path (South Transect) consists of wells PT-12A and MWT-18 through 

MWT-22. Monitoring points MWT-13, MWT-15, MWT-18 and MWT-20 are located within the 

biowalls. In addition to these wells, monitoring well MW-39 was sampled between the second and 

third round on December 1, 2005 to better assess background at the site outside of the plume. 

Monitoring well PT-22 was also sampled on this date and was added to the last two rounds of 

sampling to assess affects of the biowall further downgradient of the biowalls ( approximately 150 feet 

downgradient of the biowalls). Table 1 summarizes the monitoring wells sampled and the dates they 

were sampled. 

Based on the changes in geochemistry observed at these two wells, the biological reaction zone is 

continuous between the two biowalls and the dual biowalls are intended to operate as a biowall 

"system." Therefore, groundwater quality exiting the biowall system (i.e., within or immediately 

downgradient of the west biowall) is the best indicator of the biowall system performance. 

4.1 Hydrogeology 

Groundwater elevations were measured during each sampling event and are summarized on Table 
2. It should be noted that the ground was completely saturated during the October 2005 sampling 

round. Figure 3 contours the groundwater potentiometric surface for September 1, 2005 (Round 1 ). 

Depth to groundwater within the eastern biowall ranged from approximately 2.15 to 6.70 feet bgs. 

Depth to groundwater within the western biowall ranged from approximately 2.45 to 7.35 feet bgs. 

The depth of the eastern trench averages 11.3 feet bgs and the depth of the western trench is an 

average of 10.7 feet bgs. Therefore, the saturated thickness within the two biowall trenches ranges 

from 3.3 to 9.1 feet at any given time, depending on seasonal changes in groundwater levels due to 

recharge from precipitation. Seasonal fluctuations of the groundwater table are not expected to 

adversely impact the biowall performance. Since the biowall is underground and not exposed to the 

atmosphere, moisture will be retained sustaining the biomass that makes it effective. As described in 

Section 2, glacial till consists of unsorted silt, clay, sand and gravel to depths of 4 to 15 feet and 

overlies 2 to 3 feet of weathered shale and competent rock. The biowalls were installed to extend to 

the top of the competent shale (bedrock) surface. The biowall trenches do not intercept the entire 

width of the chlorinated ethene groundwater plume as the trenches were installed as a pilot study 

only. Therefore, mixing of treated groundwater from the biowall and contaminated groundwater 

downgradient of the biowall trench will occur to some degree. Monitoring results for well locations 

more than 10 feet downgradient of the bi ow all should be evaluated with the understanding that not all 

of the groundwater at those monitoring locations may have passed through the biowall. Results for 
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wells MWT-13, MWT-15, MWT-18 and MWT-20, located within the biowall trenches, are the most 

representative of the degree to which the biowalls are effective in remediating chlorinated ethenes in 
groundwater passing through the biowall trenches. 

The groundwater surface slopes northwest toward Seneca Lake, with horizontal hydraulic 

gradients ranging from 0.03 ft/ft to 0.05 ft/ft along the North Transect and ranging from 0.02 ft/ft to 

0.03 ft/ft along the South Transect. Rising head slug tests for the wells in the North and South 

Transects were conducted between October and December 2005, and the results were analyzed to 
calculate hydraulic conductivity. 

Hydraulic conductivity in the till/weathered shale formation ranges from 5. I E-5 to l.6E-4 cm/sec 

in the North Transect and ranges from 2.0E-5 to 2.5£-4 cm/sec in the South Transect. The hydraulic 

conductivities in the biowall were one order of magnitude greater than those in the till/weathered 

shale formation, ranging from 1.9£-3 to 2.8E-3 cm/sec in the North Transect and ranging from l .0E-3 

to 7.3E-3 cm/sec in the South Transect. This range of hydraulic conductivities falls within the 
historical range of values calculated for this site during the RI. 

Using _the calculated hydraulic conductivities derived fro_m the slug t~st data, the. horizontal 

hydraulic gradients, and an estimated effective porosity of 15 percent, the advective velocities of 

groundwater flow in the till/weathered shale formation exiting the biowalls were calculated and range 

from approximately 0.028 to 0.071 ft/day (10 to 26 ft/yr) in the North Transect and range from 

approximately 0.010 to 0.14 ft/day (4 to 53 ft/yr) in the South Transect. The velocities of 

groundwater exiting the east biowall along each transect were calculated by considering the hydraulic 

gradient between the monitoring wells at the western edge of the biowall (MWT-13 and MWT-18) 

and the monitoring wells immediately downgradient of the east biowall (MWT-14 and MWT-19). 

Table 3 shows a comparison of linear velocities derived from the RI slug test data, the biowall

specific 2005 slug test data, and the geochemical parameter monitoring. Observations of geochemical 

parameters monitored over the duration of the test indicate that linear velocities may be greater than 

slug test results indicate (see Attachment A). Based on the time it took for chemical parameters to 

be observed at the downgradient wells, it appears that flow through the North Transect may be on the 

order of I 00 ft/yr. Flow through the South Transect may be between 200 and 400 ft/year. 

Slug tests measure a hydraulic response to an induced change in groundwater elevation within a 

single well. This response reflects the conductivity of the entire saturated portion of the well screen 

interval. Sediments within the screened interval may vary significantly, and the calculated hydraulic 

conductivity should be considered an "average" for the range of sediments present. Sediments within 

the glacial till at the Ash Landfill site may consist of clay, silt, or sand. Published values for 

hydraulic conductivity in glacial tills or for sediments of similar grain size often range over 2 to 3 

orders of magnitude or more (Table 3). Therefore, groundwater flow along horizons of differing 

sediment lithologies may also vary by an order of magnitude or more. 

The higher velocities of groundwater flow based on observation of geochemical indicator 

parameters at downgradient monitoring locations are representative of horizons of greater 
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permeability. These higher velocities are about an order of magnitude higher than those derived from 
slug test results, are well within the range of what may be expected in glacial sediments, and are 
therefore considered to be conservative estimates of groundwater velocity when considering such 

factors as residence time. As a conservative measure, future biowall design will be based on 
maximum rates of groundwater flow, versus an average rate alone. 

Based on the highest groundwater velocities calculated above, the most conservative residence 
time through the biowall system (approximately J 8 feet) would be 66 days for the North Transect and 
between 16 and 33 days for the South Transect. Since these advective velocities are based on the 

highest velocities observed, they do not account for the effects of a higher effective porosity with the 
biowall itself and do not account for sorption of contaminants onto soil, these residence times are 
considered conservative; actual residence times may be higher. 

4.2 Groundwater Ge~chemistry 

Biodegradation causes measurable changes m groundwater geochemistry that can be used to 
evaluate the effectiveness of substrate addition in stimulating biodegradation. For anaerobic 

reductive dechlorination ~o be an effici~nt process, the groundwater typically must be sulfate-re~ucing 
or methanogenic. Thus, groundwater in which anaerobic reductive dechlorination is occurring°"snould 
have the following geochemical signature: 

• Depleted. concentrations of dissolved oxygen (DO), nitrate, and sulfate; 

• Elevated concentrations of ferrous iron, manganese, methane, carbon dioxide, chloride, and 
alkalinity; and 

• Reduced oxidation reduction potential (ORP). 

Selected geochemical parameters are shown on Table 4 (attached). Comparison of geochemical 
parameters for biowall locations MWT-13 and MWT-18 (East Biowall) and MWT-15 and MWT-20 
(West Biowall) to locations outside the biowall are summarized below. 

Dissolved Oxygen. Dissolved oxygen is the most favored electron acceptor used lby microbes for 

the biodegradation of organic carbon, and its presence can inhibit the biodegradation of chlorinated 
ethenes. With the exception of one well between the walls in one round (MWT-19), DO levels are 

already depleted (less than 2 milligrams per liter [mg/L]) in the study area. In the last round of 
sampling (January, 2006), concentrations of DO were less than 0.30 mg/Lat all sample locations up 
to 150 feet downgradient of the biowalls. 

Oxidation-Reduction Potential. Oxidation-reduction potential (ORP) indicates the level of 
electron activity and indicates the tendency for the groundwater to accept or transfer electrons. Low 
ORP, less than -100 millivolts (m V), is typically required for anaerobic reductive dechlorination to 

occur. Through the first two rounds of sampling, ORP upgradient of the biowall has ranged from 10 

to 100 m V, indicating background conditions are only mildly anoxic. Within the east and west 
biowalls, ORP has been lowered to a range of - 137 m V to -220 m V. These levels of ORP indicate 
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conditions are sufficiently reducing within the biowalls to support sulfate reduction, methanogenesis, 

and anaerobic reductive dechlorination. By January 2006, all monitoring locations downgradient of 

the biowalls (to a distance of 22.5 feet) are less than -100 m V, indicating that highly reducing 

conditions are present over a large area downgradient of both biowalls as well. In PT-22, the 

monitoring location 150 feet downgradient of the biowalls, the ORP changed from 57 mV to -91 mV 

over the course of the study (between November 2005 and January 2006). 

Ferrous Iron. Ferric iron (III) may be used as an electron acceptor during anaerobic 

biodegradation of organic carbon. During this process, iron (III) is reduced to soluble ferrous iron 

(II), which can be measured in groundwater samples. An increase in the concentration of iron (II) is 

an indicator of anaerobic iron reduction. Concentrations of iron (II) upgradient of the biowall are less 

than 0.41 mg/L. Within the biowall, concentrations of iron (II) are elevated, with a maximum 

concentration of 5.1 mg/L measured at location MWT-15 in October 2005. Several readings of iron 

(II) were reported as >3.3 mg/L due to the upper detection limit of the field reagent used. The 

elevated concentrations are maintained in all downgradient locations. Elevated concentrations were 

not evident in PT-22, 150 feet downgradient of the biowalls. Iron (II) levels remain close to 
background at this location. 

Sulfate. Sulfate is used as an electron acceptor during sulfate reduction, competing with anaerobic 

reductive dechlorination for available substrate ( electron donor). Sulfate levels lower than 20 mg/L 

are desired to prevent inhibition of reductive dechlorination of chlorinated ethenes. Sulfate levels 

upgradient of the biowalls but within the footprint of the plume range from 325 to 903 mg/L. By the 

second round of sampling, the levels of sulfate were depleted to non-detect levels within the biowalls, 

except for the January '06 round in MWT-15 (33 .2 mg/L). Depletion of sulfate in the North Transect 

has been more evident than in the South Transect. For example, sulfate levels have decreased in 

MWT-14 (631 mg/L to 51.9 mg/L), MWT-16 (345 mg/L to 27.8 mg/L), and MWT-l 7R (408 mg/L to 

58.5 mg/L). The levels of sulfate in the wells downgradient along the South Transect have only 

shown comparable decreases within 7.5 feet downgradient of the bi.owalls. Levels of sulfate 22.5 feet 

downgradient of the biowalls in MWT-22 have remained consistent throughout the pilot study 

(between 278 and 370 mg/L). Further downgradient at PT-22 (150 feet), sulfate levels have 

decreased slightly from 110 to 78 mg/L between December 2005 and January 2006. 

Methane. The presence of methane in groundwater is indicative of strongly reducing 

methanogenic conditions. An increase in the concentrations of methane is an indication that reducing 

conditions are optimal for anaerobic reductive dechlorination to occur. Methane concentrations in the 

two upgradient wells range from 0.001 mg/L to 0.15 mg/L. Concentrations of methane measured in 

the biowalls were elevated at 3.1 mg/L to 8.1 mg/Lin September 2005, and increased to 14 mg/L to 

28 mg/L in January 2006. Methane levels in the downgradient wells (I .0 mg/L to 11 mg/L) are 

significantly higher than upgradient wells for the October 2005 through January 2006 sampling 

rounds. In PT-22, 150 feet downgradient of the walls, levels of methane have increased from 0.11 

mg/L in early December 2005 to 0.97 mg/L in January 2006. Historical data indicates that methane 

has been non-detect in this well in previous sampling events (2003-2004). There is an increase in the 

level of methanogenic activity within the biowalls, as well as downgradient over time. 
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4.3 Substrate Distribution and Electron Donors 

The distribution of soluble organic substrate in groundwater is reflected in levels of total organic 

carbon (TOC) and metabolic acids (Table 5) measured in groundwater. The presence of organic 

substrate is necessary to fuel anaerobic degradation processes, including reductive dechlorination. 

Total Organic Carbon. Carbon is an energy source for anaerobic bacteria and drives reductive 

dechlorination. Generally, during the first three rounds of sampling, TOC concentrations in the wells 

within the biowalls (86. 7 mg/L to 1,990 mg/L) are two orders of magnitude higher than up gradient of 

the biowalls (2.6 mg/L to 7.3 mg/L). Levels within the biowalls decreased during the third and fourth 

sampling rounds. For example, levels of TOC decreased from 1,990 mg/L in MWT-18 to 4.2 mg/L 

and from 951 mg/L in MWT-20 to 24.8 mg/L. However, levels remain sufficient (>20 mg/L) to 

maintain sulfate reducing and methanogenic conditions. TOC levels are also much higher in the 

wells downgradient of the walls ranging from 29.8 mg/L to 35.5 mg/Lin the January 2006 sampling 

round of wells located 22.5 feet downgradient (MWT-22 and MWT-l 7R). 

Metabolic Acids. Metabolic acids, or volatile fatty acids (VF As), are_ produced during the 

biodegradation of o~ganic substrates (e.g., produced by sulfate reducers). An increase in metabolic 

acids is an indica•tion that microbial activity has been stimulated. These metabolic acids may be 

further fennented to produce molecular hydrogen, the primary electron donor utilized during 

reductive dechlorination of chlorinated ethenes. Metabolic acids {Table 5) measured are comprised 

primarily of acetic, pentanoic, propionic, and butyric acids. Total metabolic acids were less than l. 74 

mg/L in the upgradient wells. Total metabolic acid concentrations increased to between 60 mg/L to 

7,926 mg/L within the biowalls. In the South Transect downgradient wells, metabolic acid 

concentrations ranged from 316 to 820 mg/L in September 2005, and decreased to between 4 and 34 

mg/Lin January 2006. In the North Transect, concentrations ranged from 91 to 161 mg/Lin October 

2005, and decreased to between 8 to 23 mg/L in January 2006. The decrease in metabolic acid 

production over tjme correlates to the decrease in TOC concentrations over time. 

In summary, levels of TOC and metabolic acids were highly elevated immediately after 

installation of the biowall. This is likely due to the rapid dissolution of the soluble portion of organic 

matter that was present in the mulch and vegetable oil added to the biowall trenches. Levels of TOC 

and metabolic acids appear to be stabilizing to more sustainable levels. In addition, as the microbial 

community grows it is capable of utilizing the available organic carbon more rapidly and less organic 

carbon migrates out of the immediate biowall treatment zone. It is not yet known what levels of 

substrate the biowall will be able to sustain over the expected design life-cycle of 5 years or more, or 

what threshold concentrations are required to sustain effective reductive dechlorination. As of 

January 2006, the effectiveness of the biowall system continues to increase with time (Section 4.4) as 

the microbial community adapts to anaerobic conditions. 

4.4 Degradation of Chlorinated Ethenes 

Table 6 (attached) summarizes chlorinated ethenes detected in groundwater during the monitoring 

period of the Ash Landfill biowall pilot study. The first round of groundwater sampling was 

March 2006 
P:\PIT\Projccts\Seneca IPBC !\Pilot Study Report\Draft Report\Draft Pilot Study Rcpo11-rev.doc 

Page 4-5 



Seneca Army Depot Activity Draft Evaluation Report 

performed approximately 6 weeks after installation of the biowall. While true "baseline" conditions 

for the wells located in the trenches and downgradient were not obtained, data from upgradient wells 

PT- l 2A and MWT-12R can be used to infer "baseline" conditions immediately upgradient of the 

biowall. 

Trends in Chlorinated Ethene Concentrations 

The primary contaminants detected at the site include TCE, cDCE, and vinyl chlorid~ (VC). 

During the four sampling rounds, upgradient concentrations of TCE ranged from 400 µg/L to 860 

µg/L, and upgradient concentrations of cDCE ranged from 310 µg/L to 980 µg/L. Concentrations of 

VC detected upgradient of the biowall system ranged from <1.2 to 24 µg/L in the South Transect (PT

l 2A) to 64 to 86 µg/L in the North Transect (MWT-12R). Lower concentrations (less than 25 µg/L) 

of trans-1,2-DCE, 1, 1-DCE, I, 1-DCA, and acetone have also been detected in upgradient monitoring 

locations PT- l 2A and MWT- l 2R. 

During Rounds I and 2, the ratio of TCE to cDCE in the groundwater changed significantly where 

treatment was occurring. The average cDCE/TCE ratio in the up gradient wells is I: I with 

approximately equal concentrations of TCE and cDCE. Within the two biowalls, the ratio increases 

to an average of 56: I where TCE is only detected in one of eight samples. The change in ratio of 

TCE to DCE is a clear indication that TCE is being degraded to DCE. 

As of the second monitoring event in October 2005, a trend of decreasing TCE was observed at all 

monitoring locations for the biowall network. Concentrations of TCE in the wells within and 

downgradient of the biowalls continued to decrease even further from September to December 2005, 

and remained relatively stable from December 2005 to January 2006. In January 2006, 

concentrations of TCE have decreased to non-detect in the four monitoring wells located within the 

biowalls and the TCE concentrations in the downgradient monitoring wells have been lowered to 

concentrations ranging from 2.9 to 25 µg/L. The biowall has significantly reduced the overall 

toxicity of the groundwater within the bi ow all treatment zone. 

Total Molar Concentrations of Chlorinated Ethenes 

The total molar concentration of chlorinated ethenes within the second (western) biowall relative 

to the upgradient locations are shown in Table 7 A. The total molar concentrations are calculated by 

dividing the concentrations of PCE, TCE, DCE and VC by their molecular weight and then summing 

the results. Percent reductions in total molar concentrations of chloroethenes over time along the 

northern and southern flow paths have ranged from approximately 86 to 99 percent. A reduction in 

total molar concentrations shows that the chlorinated ethenes are not simply being converted from 

one chlorinated ethene to another, and that true reduction to non-toxic degradation products ( e.g., 

ethene) is occurring. Total molar concentrations would be expected to remain constant if TCE was 

simply being transformed to cDCE without any additional degradation of cDCE. However, total 

molar concentrations of chloroethenes are clearly depleted within the biowalls. A decrease in total 

molar concentrations is observed along the North Transect both in the biowall and downgradient of 

the wall, as shown in Table 7B, indicating that a treatment zone has been established in this area . An 
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increase in total molar concentration downgradient of the biowall along the South Transect (as shown 

in Table 7B) may be (i) due to the continued desorption of chlorinated ethenes from downgradient 

soils or (ii) due to the mixing with untreated groundwater. Less chlorinated compounds are more 

soluble and less hydrophobic. For example, in the dechlorination sequence of TCE to DCE, solubility 

goes from I, I 00 mg/L for TCE to 3,500 mg/L for cis-DCE (Table 8). The organic carbon partition 

coefficients (Koc), which defines the distribution of chlorinated ethene mass between the sorbed and 

aqueous phases, also decreases as the level of chlorination decreases. As anaerobic dechlorination 

proceeds, each successive dechlorination product is more soluble and less susceptible to adsorption 

than the previous compounds in the sequence. This tendency may result in an increase in aqueous

phase concentrations of less-chlorinated dechlorination products (Payne et al., 2001; Sorenson, 2003). 

However, while the transformation of TCE to DCE may result in a temporal accumulation of cDCE in 

some locations, there remains a significant overall loss of chlorinated ethene mass (greater than 98 

percent within the biowalls relative to upgradient locations) as shown in the mass flux calculations 
provided in Attachment B. 

Mass Flux and Estimate of Sorbed Mass 

An evaluation of contaminant mass flux through the biowall system serves as a measure of system 

performance in treating contaminant mass. By calculating the mass flux of soluble contaminant that 

enters the dual biowall system and by comparing that to the mass flux of soluble contaminant exiting 

the second biowall (western wall), the mass reduction of contamination is demonstrated. Attachment 

B provides the calculations for the mass flux of soluble contaminant entering and exiting each 

transect of the biowall. The mass flux is calculated using the concentration of each chlorinated ethene 

multiplied by the volume of water estimated to pass through the trench during a given time period. 

Based on the calculations in Attachment B, the mass reduction of chlorinated ethenes through the 

dual biowall system is between 98% for the South Transect and over 99% for the North Transect. 

It should also be noted that a reduction in concentrations of TCE downgradient of the biowall 

would also result in desorption of TCE from the soil matrix. Based on the mass flux calculations 

shown in Attachment B, ten times as much contaminant mass may be sorbed to the soil as is 

dissolved in the groundwater. It is possible that at least a portion of the rebound in concentrations of 

cDCE downgradient of the bi ow all is simply due to desorption of TCE and transformation to cDCE. 

Similarly, mixing of the highly anaerobic groundwater and untreated groundwater may also cause 

partial transformation of TCE to cDCE downgradient of the biowall. Because of the affects of 

desorption and mixing downgradient of the biowall trenches, the concentrations of chlorinated 

ethenes within the biowall (wells, MWT-15 and MWT-20) are the most meaningful indicators of 
biowall performance. 

Evidence of Sequential Reductive Dechlorination 

Observing the relative concentrations of TCE and the by-products generated during reductive 

dechlorination, progression of the biodegradation process is evident within the Ash Landfill biowall 
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system. The figure below shows the theoretical phased concentrations expected during reductive 
dechlorination of chlorinated ethenes as outlined in the following steps: 

1. TCE is the predominant contaminant source. 

2. As TCE is reduced, DCE levels increase. 

3. DCE decreases as it is converted to vinyl chloride (VC). 

4. Finally, VC is further converted to ethene and other non-toxic by-products. 

These four steps are noted on the schematic below. 

,g 
~ 
I:) 
u 
C 

8 

I 

TCE 2 
DCE 

Rcdud ivl' Oechlorin11tion ofChloriu at.ed Ethcncs 

TimelDistanc~ 

4 
EU,ene 

Figures 4 through 7 show the percent of total chlorinated ethenes (including ethene and ethane) as 

a function of distance along the biowall transects for Round 2 data and Round 4 data. The four steps 

outlined above are shown on the figures to indicate the phase of the dechlorination process that 

dominates. Figures 4 and 5 show a snapshot of the dechlorination process for the North Transect 

during Rounds 2 and 4. Reductive dechlorination has proceeded through steps 1 (TCE 

predominates), 2 (conversion to DCE), and 3 (conversion to VC) during Round 2. In observing the 

Round 4 data in Figure 5, it is clear that the biowall system has matured and that step four 

(conversion of VC to ethene) is occurring not only within the dual biowall system, but also 

downgradient of it. A similar trend is seen in Figures 6 and 7 for the South Transect. The presence 

of VC downgradient of the biowall system is convincing evidence that treatment zones have begun to 

be established downgradient of the biowall system. Destruction of contaminants is occurring beyond 
the installed biowall system. 

The production of ethene is a positive indicator of complete dechlorination of the chlorinated 

ethenes present at the site. If the process resulted in the sole production of VC, ethene levels would 

not be increasing as measured during the third and fourth sampling rounds. The trends described 

above can also be shown on a point-by-point basis along both treatment transects. Attachment C 

provides additional graphical analysis of these data at the various locations along both transects. 

In observing the fraction of total ethenes over time at certain points within the North and South 

Transects, it is evident that the reaction zone within the South Transect is effective but is developing 

at a slower rate than in the North Transect. Figures 8 through 11 show the fraction of total ethenes 

over time for monitoring wells MWT-13, MWT-16, MWT-18 and MWT-21. When comparing the 
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fraction of total ethenes in the wells within the first wall (MWT-13 and MWT-18) and in the first 

downgradient wells (MWT-16 and MWT-21 ), the observed phase of reductive dechlorination is 

approximately 40 to 50 days behind in the South Transect. In other words, the progress seen at l 90 

days in the South Transect was observed at about I 40 days in the North Transect. 

4.5 Other Compounds 

The tables presented in Attachment D list all of the detected VOC compounds in all biowall 

performance monitoring wells. Table 6 shows concentrations of acetone, 2-butanone and 2-hexanone 

in addition to chlorinated compounds of concern. Ketones have been detected in the monitoring 

wells located within the biowalls at concentrations up to 9,300 µg/L for 2-butanone at location MWT-

13 in October 2005. These compounds, produced by fermentation reactions, are not anticipated to be 

stable outside of the highly reducing conditions established within and immediately downgradient of 

the biowall trenches. They readily degrade in aerobic conditions and decrease as the levels of TOC 

and metabolic acids decrease. Concentrations of these compounds decreased by over an order of 

magnitude (to 750 µg/L or less) in downgradient locations at 7.5 feet from the west biowall. 

Furthermore, concentrations of these compounds were between non-detect and l 4 J µg/L at 22.5 feet 

downgradient· of the biowalls in January, and concentrations were non-detect ar the furthest 
.· · .· 

downgradient well (PT-22, 150 feet from the biowalls) monitored in January 2006: Over the five 

month study, these ketones have decreased in locations downgradient of the biowall as shown in 

Figures 12 through 15. They have never been detected in PT-22, 150 feet downgradient of the 

biowall system. Therefore, it is not anticipated that these compounds will adversely impact 
groundwater quality outside of the immediate biowall treatment zone. 
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5 PERFORMANCE ANALYSIS 

5.1 Objectives of the Biowall Pilot Test 

The Ash Landfill Biowall Pilot Test Work Plan (Parsons, May 2005) outlined five performance 

objectives that were developed to evaluate the effectiveness of the biowalls. The evaluation of these 

five objectives is the basis of mulch as the media selected for the reactive walls for the groundwater 
operable unit as required in the Record of Decision for this site (January, 2005). 

The objectives outlined in the Biowall Pilot Study Work Plan and the assessment of this objective 
using the data collected to date discussed below: 

Objective 

I. Achieve similar reduction of concentrations 

of TCE within each biowall as was 

demonstrated for the ZVI PRB. 

2. Demonstrate a reduction in total molar 

chlorinated ethene concentrations in the 

biowalls and at monitoring locations 

downgradient of the biowalls that is equal to or 

greater than that achieved in the ZVI PRB. 

March 2006 

Assessment to Date 

As shown in Table 7 A, TCE concentration 

reduction is greater than 99% when comparing 

the upgradient wells to the wells within the 

. :West Biowall. As shown in Table 9A, TCE 

concentration reduction was between 75-99.9% 

in the ZVI PRB,( comparing the upgrndient well 

to the well within the wall). Overall, the TCE 

reduction is better consistently in the biowalls. 

As shown in Table 7A, the total molar 

chlorinated ethene reduction is between 86 and 

99% when comparing the upgradient wells to 

the wells within the West Biowall. As shown 

in Table 9B, the total molar chlorinated ethene 

reduction in the ZVI PRB (comparing the 

upgradient well to the well within the wall) was 

between 35-99.4%. Overall, results are better 

within the biowall. 
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Objective Assessment to Date 

3. Demonstrate that the biowalls create a Zones have already been created within and 

treatment zone within and downgradient of the downgradient of the biowalls. Geochemical 

trenches that is favorable to the long-term data shown in Table l O and discussed in this 

enhancement of degradation of TCE and its section indicate the presence of these zones. 

regulated intermediate degradation products. Good chlorinated ethene destruction already 

observed downgradient of the system in the 

North Transect as shown in Table 7B. 

Degradation of chlorinated ethenes is occurring 

in the South Transect at a somewhat slower 

rate, however, geochemical parameters and 

trends indicate increased degradation will occur 

as well. 

4. Demonstrate that no chlorinated solvents Sampling of monitoring well MW-56 located 

will exceed.NYSDEC GA Standards at the upgradient of the Farm House was conducted 

Farm Housi:" west of the site at any time during in Round 2. The results showed no 

the estimated remediation timeframe. contaminant concentrations exceeding the 

Class GA groundwater standards. Historic 

sampling has shown that the wells further 

downgradient at the farm house are not 

impacted by chlorinated ethenes. ROD-

required monitoring and contingency plan will 

assure that this Farm House remains 

unaffected. 

5. Evaluate biowall design criteria (e.g., Sufficient data has been collected during the 

organic carbon generation, degradation rates, biowall pilot study to evaluate design 

residence time) and constructability issues (e.g. parameters in the Remedial Design Report. 

trenching techniques, trench stability, oil The location and number of walls, dimensions 

application, and subsurface pipe placement) of the walls, and application of oil will be fully 

required for effective long-term operation. evaluated in this report. 

5.2 Discussion of Objectives 

As shown in the table above, assessment of the objectives indicates that the use of mulch as the 

reactive media within the walls is satisfactory. 

Objective 1: Achieve similar reduction of concentrations of TCE within each individual biowall 

as was demonstrated for the ZVI PRB described in the Feasibility Memorandum (Parsons, 2000). 
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Assessment of Objective 1: As shown in Table 7A, TCE concentration reduction is greater than 

99% when comparing the upgradient wells to the wells within the West Biowall. Reduction in the 

North Transect has been slightly greater than reduction in the South Transect, although reduction in 

the South Transect improved during the last sampling round (from 96 to 99%) for the East Biowall. 

Faster flow rates through the South Transect may be responsible for the lag in reduction efficiency, 
but results show that this wj)l improve over time. 

As shown in Table 9A, TCE concentration reduction was between 75-99.9% in the ZVI PRB. 

Data from the treatability study for the ZVI wall were used in this assessment ( 1999/2000). 

Overall, reduction ofTCE concentrations is similar if not better in the biowall. 

Objective 2: Demonstrate a reduction in total molar concentrations of chlorinated ethenes in the 

biowalls and at monitoring locations downgradient of the biowalls. Total molar chlorinated ethene 

concentrations were calculated and used to assess the treatment efficiency of the biowalls. 

Concentrations of chlorinated ethenes plus vinyl chloride were converted to their molar e9uivalents 

and added together. Total molar chlorinated ethene concentrations at upgradient monitoring wells 

were compared with those observed in the West Biowall and at downgradient monitoring wells. 

Results from this biowall pilot study were compared to the molar reduction results that were 

calculated from concentration measurements performed over time from monitoring wells in and 
around the ZVI PRB. 

Assessment of Objective 2: As shown in Table 7 A, the total molar chlorinated ethene reduction is 

between 86 and 99% when comparing the upgradient wells MWT-12R and PT-12A to the wells in the 

West Biowall (MWT-15 and MWT-20). During the last round of sampling, between 97 and 99% 

reduction in chlorinated ethenes was observed in both transects. As shown in Table 9A, the total 

molar chlorinated ethene reduction in the ZVI PRB was between 35-99.4%. Reduction is equal to if 
not greater in the biowalls than the ZVI PRB. 

Downgradient of the biowalls, the reduction of total molar chlorinated ethenes varies as shown in 

Table 7B. In the North Transect, reduction immediately downgradient in MWT-16 and fu1ther 

downgradient in MWT-l 7R ranged from 83 to 92% during the last round of sampling. In the South 

Transect, the percent reduction does not yet reflect what is occurring within the Western biowall. 

During the last sampling round, the percent reduction of chlorinated ethenes was between 5 and 18%. 

As explained in Section 4.4, an increase in total molar concentration downgradient of the biowall 

within the South Transect may be (i) due to the continued desorption of chlorinated ethenes from 

downgradient soils, or (ii) due to the mixing with untreated groundwater. Less chlorinated compounds 

are more soluble and less hydrophobic. For example, in the dechlorination sequence ofTCE to DCE, 

solubility goes from 1,100 mg/L for TCE to 3,500 mg/L for cis-DCE (Table 8). The organic carbon 

partition coefficients (Koc), which defines the distribution of chlorinated ethene mass between the 

sorbed and aqueous phases, also decreases as the level of chlorination decreases. As anaerobic 

dechlorination proceeds, each successive dechlorination product is more soluble and less susceptible 

to adsorption than the previous compounds in the sequence. This tendency may result in an increase 
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in aqueous-phase concentrations of chlorinated compounds having fewer chlorine atoms (Payne et al., 
2001; Sorenson, 2003). 

However, while the transformation ofTCE to DCE may result in a temporal accumulation of cDCE in 

some locations, there remains a significant overall loss of chlorinated ethene mass (greater than 98 

percent within the biowalls relative to upgradient locations) as shown in the mass flux calculations 

provided in Attacbment B. 

Based on the data collected during the ZVI wall pilot study (I 999/2000), total molar chlorinated 

ethene reduction downgradient of the ZVI wall ranged from 41 to 91 % (2.5 feet from the biowall). 

Using the most recent rounds of monitoring results at the ZVI wall (2004), total molar chlorinated 

ethene reduction ranged from -19 to 79 %. During this round, an increase in total molar chlorinated 

ethenes was observed in the southern transect of the ZVI wall. This may have been due to desorption 

of chlorinated ethenes from the soil matrix downgradient of the ZVI wall. These results are shown in 

Table 9B. 

One difference between the ZVI wall and the biowall system is the size of the treatment zone. The 

ZVI wall relies on contact between chlorinated ethenes within the groundwater and- al? iron matrix of 

a fixed width. The treatment zone, therefore, is limited to the width of the trench containing the ZVI 

matrix. In the biowall system, the treatment zone extends beyond the installed width of the biowall. 

As the TOC migrates out of the installed biowall, a treatment zone is established beyond the wall 

width. In addition, desorption of the chlorinated ethene mass is enhanced. This increases the 

effectiveness of the biowall by enhancing the mass transfer of chlorinated ethenes to the aqueous 

phase, where they are subject to biodegradation processes. The physical and chemical properties of 

chlorinated ethenes affect many of these processes, and a summary of their properties are listed on 

Table 8. Enhanced dissolution or desorption occurs from several processes, including creating more 

soluble dechlorination compounds and affecting interfacial tension. More chlorinated ethenes go into 

solution downgradient of the biowall and treatment of these newly dissolved chlorinated ethenes 

continues to occur due to the extension of the treatment zone. 

Objective 3: Demonstrate that the biowalls create a treatment zone within and 
downgradient of the trenches that is favorable to the long-term enhancement of degradation 
of TCE and its regulated intermediate degradation products, cis-1,2-DCE and trans-1,2-DCE 
and VC. 

Assessment of Objective 3: Parameters indicative of chlorinated compound reduction were 

reviewed. Levels indicate that zones within and downgradient of the biowalls have been established. 

Depressed oxygen, nitrate, and sulfate levels indicate that these electron receptors are being exhausted 

making chlorinated compounds a more favorable electron receptor (leading to its eventual 

destruction) (EPA, 1998). Increases in carbon dioxide, methane, volatile fatty acids, alkalinity and 

chlorides indicate that enhanced reductive dechlorination processes are occurring (EPA, 1998). 

Figures 4 through 7 show the changes in the fraction of total ethenes from the upgradient wells 

(MWT-l 2R and PT-12A) to the most downgradient wells (MW-l 7R and MWT-22) for Round 2 data 
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and Round 4 data in the North and South Transects. The four sequential dechlorination steps outlined 
in Section 4 are shown on the figures to indicate the phase of the dechlorination process that 
dominates. Figures 4 and 6 show a snapshot of the dechlorination process for the North and South 
Transects during Round 2. Reductive dechlorination has proceeded through steps 1 (TCE 

predominates), 2 (conversion to DCE), and 3 (conversion to VC). In observing the Round 4 data 
(Figures 5 and 7), it is clear that the bi ow all system has matured and that step four ( conversion of 
VC) is occurring within the biowall system as well as downgradient of the system. The production of 

ethene is a very positive indicator of complete dechlorination of the chlorinated ethenes present at the 

site. Ethene and ethane are not only being produced within the biowall system but also in the wells 
downgradient of the system. If the process resulted in the sole production of VC, ethene levels would 
not be increasing as they are during the third and fourth sampling rounds. An adequate reaction zone 

has been established to degrade DCE and VC and this zone extends beyond the biowall system itself. 

Objective 4: Demonstrate that no chlorinated solvents will exceed NYSDEC GA Standards at the 
Farm House west of the site at any time during the estimated remediation timeframe. 

Assessment of Objective 4: Sampling conducted in Round 2 included MW-56 located upgradient 

of the Farm House (1 ,250 feet upgradient). This w.ell remains u·naffected by chlorinated solvents and 
therefore downgradient wells may be considered unaffected. ROD-required monitoring and 
contingency plan requirements will assure that down gradient receptors remain unaffected. 

Objective 5: Evaluate biowall design criteria (e.g., organic carbon generation, degradation rates, 

residence time) and constructability issues ( e.g. trenching techniques, trench stability, oil application, 
and subsurface pipe placement) required for effective long-term operation. 

Assessment of Objective 5: Based on the results of the biowall study, the following design criteria 
will be assessed in the Remedial Design Report for this project: 

• Trench constmctability; 

• The number, dimensions and location of the Biowalls to provide adequate coverage of the 
plume and adequate retention time to meet remedial action objectives. 

• Production of other by-products, ( e.g. ketones) and any adverse effects downgradient. 

• The use and frequency of application of vegetable oil in the process. 

Sufficient data has been collected during the pilot study to make a reasonable assessment of the above 
parameters for the purposes of full scale design. 
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6 SUMMARYANDPATHFORWARD 

Based on the results ~f the Ash Landfill Biowall Pilot Study, the following conclusions are 
summarized below: 

• TCE concentration reduction between the upgradient wells and the wells within the second 
biowall (West Biowall) is greater than 99%. 

• The total molar chlorinated ethene reduction between the upgradient wells and the wells 

within the second biowall (West Biowall) is between 86 and 99%. 

• Geochemical data and chlorinated ethene reduction indicates that treatment zones have 

already been established within and downgradient of the dual biowall system. Development 

of this treatment zone within the South Transect, although present, is lagging the 
development in the North Transect by about 40 to 50 days. 

• The molar fraction of ethene is increasing within and downgradient of the biowall system and 

is a P.Ositive indicator of complete dechlorination of the chlorinated ethenes present at the site. 

If the process resulted in the sole production of VC, ethene levels would -i1oi be increasing as 

measured during the third and fourth sampling rounds. The presence of VC downgradient of 

the biowall system is solid evidence that treatment zones have begun to be established 

downgradient of the biowall system. Destruction of contaminants is occurring beyond the 
installed treatment system. 

• Based on mass flux calculations (Attachment B), ten times as much contaminant mass may 

be sorbed to the soil as is dissolved in the groundwater. It is possible that at least a portion of 

the rebound in concentrations of cDCE downgradient of the biowall is simply due to 

desorption of TCE and transformation to cDCE. 

• Observations of geochemical parameters monitored over the duration of the test indicate that 

advective velocities may be greater than slug test results indicate. Based on the time it took 

for chemical parameters to be observed at the downgradient wells, it appears that flow 

through the North Transect may be on the order of 100 ft/yr. Flow through the South 

Transect may be between 200 and 400 ft/year. Based on these velocities, the residence time 

through the biowall system (approximately 18 feet) would be 66 days for the North Transect 

and between 16 and 33 days for the South Transect. 

• Sampling of monitoring well MW-56 located upgradient of the Farm House was conducted in 

Round 2. The results showed no contaminant concentrations exceeding the Class GA 
groundwater standards. 

• Certain ketones are being produced as a result of fermentation reactions within the biowalls. 

These readily degrade in aerobic conditions and the magnitude of the concentrations of 

acetone, 2-butanone and 2-hexanone within the biowaU anaerobic reaction zone are 
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decreasing as the levels of TOC and metabolic acids decrease. These ketones have not been 

detected in the groundwater 150 feet downgradient of the biowalls. Therefore, it is not 
anticipated that these compounds will adversely impact groundwater quality outside of the 
irrunediate biowall treatment zone. 

• Sufficient design information has been acquired during the pilot study to proceed with full
scale design. 

The five objectives of the biowall pilot study have been met as outlined in Section 5. The biowall 
perfonnance has been shown to be comparable, if not superior to that of the ZVI wall. In light of this 

information, the Anny recorrunends that full-scale design of a biowall groundwater treatment system 
for the Ash Landfill corrunence. 

• , .. 
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TABLES 



Round 
Date 

North Transect 

MWT-12R 
MWT-13 
MWT-14 
MWT-15 
MWT-16 
MWT-17 

South Transect 

PT-12A 
MWT-18 
MWT-19 
MWT-20 
MWT-21 
MWT-22 

Upgradient Outside of Plume (1) 
MW-39 

150 feet Downgradient of Biowall (2) 
PT-22 

Table 1 
Summary of Monitoring Wells and Sampling Dates 

ASH LANDFILL MULCH BIOWALL 
SENECA ARMY DEPOT, ROMULUS, NEW YORK 

Round 1 Round 2 
Seot. 7-1 2, 2005 Oct. 24-26, 2005 Dec. I, 2005 

X X 
X X 
X X 
X X 
X. X 
X X 

X X 
X X 
X X 
X . . 

X 
X X 
X X 

X 

X 

Round 3 Round 4 
Dec. 12-16, 2005 Jan. 24-28,2006 

X X 
X X 
X X 
X X 
X X 
X X 

X X 
X X 
X X 
X X 
X X 
X X 

X 

X X 

(1) MW-39, a well upgradient of the plume, was sampled to obtain background geochemical parameters for the site outside of the 
plume. These were needed for comparison purposes at the site and were not originally outlined in the pilot study work plan (Parsons, 2005). 

(2) Because the wells furthest downgradient in the pilot study transects (MWT- I 7R and MWT-22) were showing signs that enhanced 
biodegradation was beginning to occur after the Round 2, PT-22 (a well further downgradient) was sampled to assess effects further downgradient. 
This well was not part of the monitoring plan as outlined in the pilot study work plan (Parsons, 2005). 

\' 
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TABLE2 
SUMMARY OF GROUNDWATER ELEVATIONS 

ASH LANDFILL MULCH BIOWALL 

SENECA ARMY DEPOT, ROMULUS, NEW YORK 

Screened Ground Elevation Depth to 

WellVBorehole Interval Surface Datum (toe) Water 
Identification Date (feet bgs)" ( feet amsl)bt {feet amsQ ( feet btoc )" 

Northern Flow Path 

MWT-12R 7-Sep-05 3.9 - 8.9 649.0 651.09 6.80 

24-Oct-05 2.45 

12-Dec-05 3.91 

26-Jan-06 2.80 

MWT-13 7-Sep-05 4.65 - 9.65 ·648.5 650.83 6.70 

24-Oct-05 2.15 

12-Dec-05 3.80 

26-Jan-06 2.70 

MWT-14 7-Sep-05 4.8 - 9.8 648.8 650.93 7.00 

24-Oct-05 2.60 

12-Dec-05 4.25 

26-Jan-06 3.15 

MWT-15 7-Sep-05 5.25 - 10.25 648.9 651.13 7.35 

24-Oct-05 2.90 

12-Dec-05 4.74 

26-Jan-06 3.55 

MWT-16 7-Sep-05 4.8 - 9.8 648.4 650.61 7.10 

24-Oct-05 2.75 

12-Dec-05 4.68 

26-Jan-06 3.50 

MWT-17R 7-Sep-05 5.4 - 10.4 648.1 650.28 6.95 

24-0ct-05 2.80 

12-Dec-05 4.75 

26-Jan-06 3.55 

P:\Pll\Projce1s\Scncca PBC !\Pilot Study Report\Dran Report\Tablcs\Tablc 2 GW Elevations.xis 

Groundwater 

Elevati,on 

{feet an:~ 

644.2'9 

648.64 

647.1 :8 

648.2!9 

644.13 

648.68 

647.03 

648.1:3 

643.9] 

648.33 

646.6!! 

647.7!! 

643.78 

648.23 

646.39 

647.58 

643.511 

647.86 

645.93 

647.111 

643.321 

647.48 

645.5:1 

646.7:1 
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TABLE2 
SUMMARY OF GROUNDWATER ELEV A TIO NS 

ASH LANDFILL MULCH BIOW ALL 

SENECA ARMY DEPOT, ROMULUS, NEW YORK 

Screened Ground Elevation Depth to 

Well/Borehole Interval Surface Datum (toe) Water 

Identification Date (feet bgs)"' (feet amslr (feet ams)) (feet btoc }" 

( continued) 

Southern Flow Path 

PT-12A 7-Sep-05 4.8 - 9.8 648.7 651.13 6.80 

24-Oct-05 2.65 

12-Dec-05 4.12 

26-Jan-06 3.05 

MWT-18 7-Sep-05 5.4 - 10.4 648.5 650.72 6.45 

24-Oct-05 2.20 

12-Dec-05 4.02 

26-Jan-06 2.75 

MWT-19 7-Sep-05 4.0- 9.0 648.5 650.65 6.45 

24-Oct-05 2.40 

12-Dec-05 4.16 

26-Jan-06 3.oo· 

MWT-20 7-Sep-05 5.05 - 10.05 648.8 650.67 6.65 

24-Oct-05 2.45 

12-Dec-05 4.25 

26-Jan-06 3.10 

MWT-21 7-Sep-05 4.35 - 9.35 648.3 650.58 6.70 

24-0ct-05 2.50 . 

12-Dec-05 4.35 

26-Jan-06 3.10 

MWT-22 7-Sep-05 7.45 - 12.45 648.2 650.66 7.15 

24-Oct-05 2.53 

12-Dec-05 5.25 

26-Jan-06 3.85 

toe = top of casing 

a/ feet bgs indicates feet below ground surface. 

bi feet ams) indicates elevation in feet above mean sea level. 

c1 feet btoc indicates depth in feet below top of casing. 

di NM indicates datum not measured. 
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Groundwater 

Elevation 

(feet ams)) 

644.33 

648.48 

647.01 

648.08 

644 .27 

648.52 

646.70 

647.97 

644.20 

648.25 

646.49 

647.65 

644 .02 

648.22 

646.42 

647.57 

643 .88 

648 .08 

646.23 

647.48 

643 .51 

648.13 

645.41 

646.81 
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Table 3 
Range of Hydraulic Conductivities and Linear Velocities fo r the Ash Landfill 

Ash Landfill Mulch Biowall 

Seneca Army Depot, Romulus, New York 

Published Values4 

RI Slug Test 2005 Slug Test 

Data1 Data2 

Range of Hydraulic Conductivity, k (cm/sec) 3.9x!0"5 
- 5.3xl0"4 2.0x I 0·5 

- 2.5x 10-4 
Porosity 15% 15% 
Gradient (ft/ft) 0.020 0.019-0.049 
Linear velocity (ft/year) 45.5 - 60.7 4- 52 

Notes: 

I. Values derived from slug testing data of 8 wells from Remedial Investigation (I 991) 

2. Values derived from slug testing data of wells surrounding biowall based on slug testing data 

3. The linear velocity was based on the time it took for certain geochemical parameters to travel a 

specified distance; the value was not calculated based on a hydraulic conductivity. 

Geochemical 

Parameters3 Till 

NA 10·10-2x\O-' 

NA NA 
NA NA 

100 - 400 NA 

4. Domenico, P.A., and F. W. Schwanz. 1990. Physical and Chemical Hydrogeology. John Wiley and Sons. New York, NY. 

NA - Not applicable 
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Fine Sand Silt 

2x 10·5 
- 2x I 0·2 lxlo·7 

- 2xl◊-3 

NA NA 
NA NA 
NA NA 

Clay 

lxto·9 -4.7x\0.7 

NA 
NA 
NA 



TABLE 4 
GROUND~ATER GEOCHEMICAL DATA 

ASH LANDFILL MULCH BIOWALL 
SENECA ARMY DEPOT, ROMULUS, NEW YORK 

Oxidation 
Dissolved Reduction Specific Ferrous Carbon 

Sample Location Oxygen pH Potential Turbidity Conductance Temperature Manganese Sulfide Iron Dioxide Alkalinity 
{mg/L) {SU) (mV) (NTU) (mS/cm) oc {mg/L) {mg/L) (mg/L) (mg/L) (mg/L) 

MW-39 02-Dec-05 OJI 7.19 76 19.4 0.68 10.7 0 0 .. 05 0.11 400 212 
(Background) 16-Dec-05 0.09 

PT-22 02-Dec-05 1.0 6.98 57 -2.6 0.812 9.85 1.4 0.02 4 1030 4 13 
(I 50' Downgrad of !6-Dec-05 0.08 7 -44 8.2 1.34 10.15 0.8 0.01 0. I 981 649 

the walls) 24-Jan-06 0.1 7.28 -91 0.2 0.922 7 
1.5 0.01 0.17 380 472 

South Transect 
PT-l2A 07-Sep-05 0.96 7.14 50 0 1.04 18.5 OJ 0 0.04 0.24 3 13 
( 15' Upgradient) 24-Oct-05 0 6.88 32 60 1.36 13. I 0.5 0 0.17 222 420 

l2-Dec-05 0.4 1 7.03 84 7.6 1.38 9.66 0.3 0.01 0.3 152 306 
24-Jan-06 0.39 7.25 93 0.3 1.51 7 I.I 0 0.16 380 320 

MWT-18 07-Sep-05 1.25 6.57 -178 90.l 4.3 22.9 22* 15.4 4.7 100 2630 
(in western wall) 24-Oct-05 0 6.44 -177 102 2.89 16. l 22* 0.19 2.51 980 1700 

12-Dec-05 0. 1 6.62 -137 l 16J 3.56 10.8 22* 0.15 2.49 998 1420 
24-Jan-06 0.06 6.62 -151 76 3.51 8.2 22* 0.26 3. l l 1000* 1430 

MWT-19 07-Sep-05 2.19 7.74 -145 0 2.3 22 12.4 0.05 5. 1 76.2 846 
(between walls) 24-Oct-05 0 6.79 -226 134 1.79 14.3 1 5.6 0.04 3.30* 602 940 

12-Dec-05 0.74 7 -114 9.1 2.12 7.99 3 0.03 2.04 764 999 
24-Jan-06 0.06 6.9 1 -256 30.3 2.11 7.6 7.4 0.07 3.30* 1000* 1145 

MWT-20 07-Sep-05 0.12 7.7 -197 80 3J8 22.2 13.2 0.54 2.73 48 2480 
(in eastern wall) 24-Oct-05 1.07 7.22 -212 127 3.09 17.04 11.9 0.3 3J0* 434 2350 

l2-Dec-05 0.07 6.76 -149 389 2.77 10.18 22* 0. 14 2.47 938 9 17 .... 
24-Jan-06 0.07 6.76 - 171 . 53.2 2.48 7 22* 0.ll 3.3* 986 995 

MWT-21 07-Sep-05 0.44 7.85 -245 9.1 2.17 19.8 15.8 0.632 4.1 19 118 
(7.5' downgradient) 24-Oct-05 1.22 7.19 -275 29.5 2.17 I 5.41 . . 9.4 0.11 3.30* 410 1090 

l2-Dec-05 0.04 6.8 -235 40.2 2.37 9J 0.6 2.06 936 1500 
24-Jan-06 0.1 8.02 -273 34 2.16 7.3 10.9 0.28 2.4 1 920 940 

MWT-22 07-Sep-0S 0.45 8.1 -180 32.2 2.3 1 17.8 22 0.269 4.73 15 1030 
(22.5' downgradient) 24-Oct-0S 1.28 7.35 -228 30 2.07 13.6 6.1 0.,04 2.68 484 1115 

12-Dec-05 0.04 6.82 -206 20 2.15 9 0.7 0.,06 2.27 996 861 
24-Jan-06 0.15 6.72 -104 60 2.03 8J 6.1 0 .. 05 2.3 722 73 1 
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Total 
Organic 

Chloride Nitrate Nitrite Sulfate Carbon 

(mg/L) (mg/L-N) (mg/L-N) (m~q (mg/L) 
2.8 <0.05 <0.05 27.2 <1.0 

19.4 <0.05 <0.05 I I 0 7.8 
26.6 <0.05 <0.05 88.8 13.4 

16.9 NA NA 78.3 6.9 

44.2 0.98 <0.05 325 4.7 
38 0.98 <0.05 390 4 
49 <0.05 <0.05 515 2.6 

40.3 NA NA 585 4.2 
128 <0.05 <0.05 71.7 1990 
4.2 <0.05 <0.05 <2.0 777 

73.4 <0.05 <0.05 <10 918 
105 NA NA <4.0 4.2 
92.8 <0.05 <0.05 492 208 
70.7 <0.05 <0.05 150 42.4 
85.9 <0.05 <0.05 148 48 
83.8 NA NA 80.3 74.05 
73.4 <0.05 <0.05 <2.0 951 
31.3 <0.05 <0.05 <2.0 268 
47.2 <0.05 <0.05 <4.0 173 
3 1.2 NA NA <4.0 24.8 
85.2 <0.05 <0.05 443 165 
54.6"· <0.05 <0.05 156 I I3 
59.8 <0.05 <0.05 199 70.l 
37.3 NA NA 114 53.5 
154 <0.05 <0.05 278 361 
110 <0.05 <0.05 296 33.2 
78.6 <0.05 <0.05 282 34.5 
63 .5 NA NA 370 35.5 

Methane Ethane 

(ug/L) (ug/L} 
0.79 0.006 J 

110 0.017 J 
990 0.14 

970 0.3 

1.1 0.1 
11.0 0.17 
15.0 0.15 
26 0.18 

4600 0.52 
14000 0.054 
11000 0.039 
19000 0.29 
· 98 0 .18 
I 100 0.29 
2100 0.37 
3850 0.55 
7700 0.04 
13000 0.0lJ 
12000 .0.042 
18000 . · ·. 0.35 
1000 0.45 
3300 0.26 
6 100 0.38 

11,000 0.85 
1300 1.7 
1900 1.2 
1900 1.2 
2300 1.2 

Ethene 

(ug/L} 
<0.025 

IO 
45 

30 

0.066 
0.18 
02 
0.25 
0.55 

0.084 
0.72 
2.7 

0.46 
0.67 
7.5 
115 
0.22 
0.54 
II 
16 

0.78 
l.7 
83 
100 
3.4 
3.5 
95 
93 
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TABLE 4 
GROUNDWATER GEOCHEMICAL DATA 

ASH LANDFILL MULCH BIOW ALL 
SENECA ARMY DEPOT, ROMULUS, NEW YORK 

Oxidation 
Dissolved Reduction Specific Ferrous Carbon 

Sample Location Oxygen pH Potential Turbidity Conductance Temperature Manganese Sulfide Iron Dioxide Alkalinity 
(mg/L) (SU) (mV) (NT U) (mS/cm) oc (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

North Transect 
MWT-12R 07-Sep-05 1.67 7.32 10 0 1.54 22. [ I 0.0 I 0.4 1 19 304 
( 15' Upgradient) 24-Oct-05 0 6.86 27 1 2.08 13.65 0.8 0.01 0.05 340 800 

l2-Dec-05 0.84 6.92 36 16.1 1.94 8.43 0.1 0.22 <500 301 
24-Jan-06 0.56 6.95 54 0.73 2.09 7.4 0.03 0 656 296 

MWT-13 07-Sep-05 0 6.01 -220 90 6.44 20.5 22* 0.6 I 0.01 115 183 
(in western wall) 24-Oct-05 0 6.47 -158 85.5 4.38 15.38 22 0.24 2.8 1 l000 2530 

12-Dec-05 0.06 6.55 -169 492 3. 16 10.55 22* 0.2 3.15 3370 IOU 
24-Jan-06 0.11 6.54 -150 47.5 3.29 7.4 22* 0.19 3.30* 1000* 73 I 

MWT-14 07-Sep-05 0 6.72 -177 0 2.96 2 1.1 22* 0.1 0.04 19.2 1240 
(between walls) 24-Oct-05 1.08 7.19 -252 39.1 2.66 14.83 22* 0.1 l 3.30* IOOO 1450 

12-Dec-05 0.17 6.3 -I 65 342 2.43 I 1.5 22* 0.13 3.30* 2750 I I 70 
24-Jan-06 0.15 6.59 -I 13 220 2.61 6.7 22* 0.18 2.7 l000* 879 

MWT-15 07-Sep-05 0 6.9 -199 63 3.88 20.6 22* 0.31 5. 1 57 2020 
(in eastern wall) 24-Oct-05 1.05 7.27 -206 53. 1 3.21 16.48 17.6 0.16 2 .81 960 1900 

l2-Dec-05 0.06 6.28 -159 266 1.87 11.08 22* 0.14 2.61 774 
24-Jan-06 0. 16 6.76 -150 200 1.56 6.5 22* 0.09 2.44 1000* 515 

MWT-16 07-Sep-05 l.7 7.1 -119 0 1.55 20.4 1 0.3 0.83 16 551 
(7.5' downgradient) 24-Oct-05 1.35 7.13 -175 52.2 2.28 14.4 7.3 0.13 2.24 1018 1300 

12-Dec-05 0 6.45 -160 61.2 1.94 10.69 22* 0.14 3.30* 1082 1050 
24-Jan-06 0.18 6.65 -128 37 2.1 7.9 22* 0.02 2.58 966 929 

MWT-17R 07-Sep-05 1.25 7.28 60 0 1.3 20.7 0.1 0.7 0 25 351 
(22.5' downgradient) 24-Oct-05 0 6.75 -27 25.5 1.8 13.8 5.2 ... 0.1 0.2 544 1005 : 

2 Dee 05 0 6.39 ~126 93.9 1.72 8.1 3.3 0.08 0.8 820 1180 
24-Jan-06 0.29 7.56 -156 22.4 1.64 · 6.7 15.2 0.07 3.30* 960 781 

* Over the limit of the test reagent 
- Parameter could not be measured 
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Chloride Nitrate Nitrite Sulfate 

(mg/L) (mg/L-N) (mg/L-N) (mg/L) 

108.1 0.11 <0.05 732 
120 <0.05 <0.05 767 
116 <0.05 <0.05 903 
169 NA NA 741 
199 <0.05 <0.05 <20 
13.2 <0.05 <0.05 <2.0 
66 <0.05 <0.05 <4.0 

97.4 NA NA <4.0 
139 <0.05 <0.05 631 

65.9 <0.05 <0.05 69.9 
77.6 <0.05 <0.05 53.8 
61.3 NA NA 51.9 
106 <0.05 <0.05 <4.0 
6.5 <0.05 <0.05 <2.0 
31 <0.05 <0.05 < 10.0 

22.1 NA NA 33.2 
75.4 0.76 <0.05 345 
6.7 <0.05 <0.05 2 
57 <0.05 <0.05 16.9 

38.7 NA NA 27.8 
62.8 0.84 <0.05 408 
37.8 0.34 <0.05 80.5 
37.8 . <0 .05 <0.05 43.8 
23.7 NA NA 58.5 

~ 

Total 

Organic 

Carbon Methane 

(mg/L) {u~L) 

7.3 23 
4.9 97 
3.7 140 
3.8 150 
296 3100 
1310 10000 
588 12000 
298 14000 
610 31 
432 6 100 
275 14000 
209 14000 
1060 8100 
267 10000 
86.7 17000 
46.6 28000 
63.5 23 
204 4800 
88.6 6200 
51.7 I 1000 
9 .3 I.I 
111 1000 
63.8 4700 
29.8 7300 

Ethane 

(u~q 

0.35 
0 .63 
1.3 

0.85 
0.5 

0.1 l 
<0.025 
0.078 
0.15 
0.1 

0.22 
2.4 

0.03 I 
<0.008 

0.99 
4.3 

0.081 
0.19 
0.68 
5.3 

0.085 
0.049 
0.38 
1.4 

Ethene 

{ug/Ll 

1.52 
2.25 

3.6 
2 .7 
0.93 
0.15 
0.8 
6.8 

0.26 
0.34 
89 
190 
0.28 
l.9 
16 
15 

0.14 
2.2 
72 

120 
0.21 

. 0.58 
42 
51 
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TABLE 5 
VOLATILE FATTY ACIDS IN GROUNDWATER 

ASH LANDFILL MULCH BJOWALL 
SENECA ARMY DEPOT, ROMULUS, NEW YORK 

Total 
Acelic Butyric Hexanoic Propionic Pyruvic Tola! Organic 

Sample Location Acid Acid Acid Pentanoic Acid Acid Acid VFAs Carbon 
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

South Transect 
PT--12A 07-Sep-05 0.129 <0.07 <0. 1 <0.07 <0.07 <0.07 0.129 4.7 
(15' Upgradie111)' 24-Oci-05 0. 177 <0.07 <0.07 <0.67 <0.07 <0.07 0.177 4 

l2-Oec-05 0.068 <0.07 <0.1 <0.07 <0.07 <0.07 0.068 2.6 
24-Jan-06 0.048 <0.07 <0.1 <0.07 <0.07 <0.07 0 .048 4.2 

MWT-18 07-Sep-05 1820 296 62 244 1190 <70 3612 1990 
(in western wall) 24-Oci-05 66.2 27.5 NA 81.5 794 <0.07 969 777 

12-Dec-05 99.1 16.4 <JO 13.7 1030 <7 11 59.2 918 
24-Jan-06 483 18.5 1.28 14.2 497 <0.7 10 14 726 

MWT-19 07-Sep-05 148 25.8 <JO 21.7 204 <7 399.5 208 
(between walls) 24-Oct-05 40.6 1.63 NA 1.92 71.5 <0.07 I 15.6 42.4 

12-Dec-05 15.7 0.94 <0. 1 0.348 32.2 <0.07 49.2 48 
24-Jan-06 52.9 0.9 <0.1 0.4 28.1 <0.7 82.3 74.1 

MWT-20 07-Sep-05 76.5 21.8 <10 36.4 313 <7 447.7 951 
(in eastern wall) 24-Qcl-05 51.1 1.16 NA 0.212 48.8 <0.07 101.3 268 

l2-Dec-05 48.5 0.873 <0. 1 0.256 16.9 <0 .07 66.5 173 
24-Jan-06 292 2.05 0.116 <0.7 29 <0.7 323.2 24.8 

MWT-21 07-Sep-05 192 8.32 <10 10.5 105 <7 315.8 165 
(7.5' downgradient) 24-Oc!-05 45.2 <0.7 NA <0.7 18.8 <0.7 64 113 

l2-Dec-05 26.7 0.484 <0.1 <0.7 3.04 <0.7 30.2 70.1 
24-Jan-06 33.2 0.36 <0.1 <0.07 <0.07 <0.07 33.6 53.5 

MWT-22 07-Sep-05 521 18.1 <0.1 21 260 . <7 820.1 361 
(22.5' downgradient) 24-Oci-05 78.6 0.979 NA 1.02 29.9 <0.07 11 0.5 33.2 

12-Dec-05 28.5 0.683 <0.1 0.928 9 .89 <0.07 40.0 34.5 
24-Jan-06 3.6 0.1 <0.1 <0.07 0.429 <0.07 4. 1 35.5 

North Transect 
MWT-12R 07-Sep-05 0.592 <0 .07 <0. 1 <0.07 <0.07 <0.07 0.592 7.3 
( 15' Upgradient) 24-Ocl-05 1.39 0.07 NA <0.07 0 .28 <0.07 1.74 4 .9 

l2-Dec-05 0.064 <0 .07 <0. 1 <0.07 <0.07 <0.07 0.064 3.7 
24-Jari-06 0.208 <0.07 <0.1 <0.07 <0.07 <0.07 0.208 3.8 

MWT-13 07-Sep-05 4520 462 < JOO 364 2580 <70 7926 296 
(in western wall} 24-Oct-05 82.9 <70 NA --.144 3890 11.2 4 128. 1 1310 

l2-Dec-05 200 9 .85 < I 8.73 622 <7 840.58 588 
24-Jan-06 498 16.3 1.21 6.39 201 <7 722.9 298 

MWT-14 07-Sep-05 710 79.6 <JO 67.5 502 <7 1359 6IO 
(between walls) 24-Oci-05 342 8.91 NA 3 1.1 406 <7 788.01 432 

l2-Dec-05 139 5.66 < I 2.9 265 <0.7 412.56 275 
24-Jan-06 21 1 3 .82 <0.1 1.26 78.9 <0.7 295 209 

MWT- 15 07-Sep-05 106 42.4 <JO 73 1040 <7 1261 1060 
(in eastern wall) 24-Qcl-05 49.3 <0.7 NA <0.7 47.9 <0.07 97.2 267 

12-Dec-05 65.7 0.374 <0.1 <0.07 17 <0.07 83. I 86.7 
24-Jan-06 54.6 <0.7 <0.1 <0.7 5.43 <0.7 60.03 46.6 

MWT- 16 07-Scp-05 37.4 <7 <0. 1 <7 53.6 <7 91 63.5 
(7.5' downgradient) 24-Ocl-05 66.6 1.7 NA 0.8 92.2 <0.07 161.3 204 

l2-Dec-05 49.7 0.428 <0.1 <0.07 9.3 <0.07 59.4 88.6 
·24-Jan-06 22.6 0.16 <0.1 <0.07 <7 <0.07 22.76 51 .7 

MWT-l7R 07-Scp-05 0.065J 0.098 <0.1 <0.07 <0.07 <0.07 0 .163 9.3 
(22.5' downgradicnt) 24-Oc!-05 48.7 0.7J NA 0.317 4 1.2 <0.7 90.9 111 

12-Dec-05 31 0. 136 <0.1 <0.07 <7 <0.07 31.1 63.8 
24-Jan-06 7.6 1 <0.07 <0.1 <0.07 <7 <0.07 7.61 29.8 

MWT-22A 07-Sep-05 NA NA NA NA NA NA NA NA 
24-Oct-05 NA NA NA NA NA NA NA NA 
12-Oec-05 
24-Jan-06 0.059 <0.07 <0.1 <0.07 <0.07 <0.07 0.059 6.9 
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TABLE6 
VOLATILE ORGANIC COMPOUNDS IN GROUNDWATER 

ASH LANDFILL MULCH BIOW ALL 
SENECA ARMY DEPOT, ROMULUS, NEW YORK 

PCE TCE 1,1-DCE cis - 1,2-DCE trans-1,2-DCE vc 1,1-DCA Acetone 2•Butanone 2•Bexanone 
Sample Identification Sample Date u;/L ug/L ug/L ug/L 

South Transect 
UG/L ug/L ug/L ug/L ug/L ug/L 

PT-12A 07-Sep-OS sou 860 50 U 9 10 sou sou sou sou sou sou 
(15' Upgradient) 24-Oct-05 IU 730 1.3 800 II 24 IU 5U SU SU 

12-Dec-05 IU 385 0.55 J 315 4.9 8.2 I U SU 5U SU 
24-Jan-06 I U 530 IU 400 5.6 19 IU 50 U sou 13 J 

MWT-18 07-Sep-05 sou 28 J sou 120 sou sou sou 1200 J 2500 J 27 J 
(in western wall) 24-Oct-05 20U 20U 20 U 190 20U 20 U 20U 3000 4400 I00U 

12-Dec-05 5U 5U SU 230 SU 23 SU 4700 J 7600 49 
24-Jan-06 20U 20U 20U 150 20U 26 20U 1800 5800 JOO U 

MWT-1 9 07-Sep-0S JOU I JO 2J 1300 13 17 IOU 370 600 4J 
(between walls) 24-Oct-05 SU 33 5U 1600 21 I 8 SU 190 200 25 U 

12-Dec-05 SU 17 2.1 J 1000 I 7 140 J SU 180 330 25 U 
24-Jan-06 IU 22 1.4 870 20 345 J U 170 J 455 J 5.7 J 

MWT-20 07-Sep-05 250 U 250U 250U 160J 250U 250U 250 U 3200 1700 250 U 
( in eastern wall) 24-Oct-05 SU SU SU 160 2.9 J 16 5U 270 J 990 J 34 

12-Dec-05 SU · SU 5U 13 2.2 J I 3 J 5U 200 260 25 U 
24-Jan-06 JU JU IU 8.4 1.8 9.1 IU 4 10 J 660 I 7 J 

MWT-2 1 07-Sep-05 100 U 98 J JOO U 1200 100 U JOO U JOO U 250 270 JOO U 
(7.5' downgradient) 24-Oct-05 JU 45 2.4 J 1400 38 69 JU 350 J 3 JO J 6 

l 2-Dec-05 SU 20 SU 570 22 180 5U 73 66 25 U 
24-Jan-06 IU I 8 0.74 J 470 20 180 I U 130 J 110 J 5 UJ 

MWT-22 07-Sep-05 JOO U I00U JOO U 1000 JOO U I00U 100 U 400 480 100 U 
(22.5' downgradient) 24-Oct-05 SU 25 SU 1100 17 170 SU 340 310 25 U 

I 2-Dec-05 SU 12 5U 360 II 140 5U 66 89 25 U 
24-Jan-06 J U 25 0.72 1 430 I J 140 JU 14 J 12 ) 5 UJ 

North Transect 
MWT-12R 07-Sop-05 sou 705 80 U 965 BOU 86 80 U BOU 80 U 80 U 
(I 5' Upgradient) 24-Oct-05 IU 725 2.7 895 23 85 JU 3.5 J SU SU 

12-Dec-05 I U 760 2.9 980 21 64 JU 3.8 J SU SU 
24-Jan-06 J U 540 2.3 650 I 7 67 JU 5.6 J 5 UJ 5 UJ 

MWT-1 3 07-Sep-05 250U 250U 250U 320 Z50U 250 U 250 U 1600 2700 250U 
(in western wall) 24-Oct-0S 20U 20 U 20U 410 20U 20U 20U 8000 9300 100 U 

12-Dec-05 IOU IOU IOU 220 IOU 41 IOU 4900 6000 62 
24-Jan-06 I U IU IU 52 1.9 55 JU 1600 2000 38 J 

MWT-14 07-Sep-05 sou 170 sou 1000 sou sou 50 U 660 910 50 U 
(between walls) 24-Oct-0S IOU IOU IOU 1600 22 10 IOU 2800 2900 sou 

12-Dec-05 IOU IOU IOU 550 15 230 IOU 2300 2800 36 J 
24-Jan-06 J U 2 IU 140 II 340 JU 770 930 I 7 J 

MWT-1 5 07-Sep-05 sou sou sou 170 sou sou 50 U 3400 820 50 U 
(in eastern wall) 24-Oct-05 20U 20U 20U 140 20U 36 20U 140 690 100 U 

12-Dec-05 5U 5U SU 15 2.6 J 10 SU I 30 140 25 U 
24-Jan-06 IU I U JU 3.1 2.2 5 IU 55 J 33 J 5 UJ 

MWT- 16 07-Sep-05 20U 70 20U 160 20 U 20 U 20U 270 120 20 U 

(7.5' downgradient) 24-Oct-05 20U 9.5 J 20U 380 20U 51 20 U 740 750 100 U 

12-Dec-05 5U 2.5 J 5U 58 5.3 JI 5U 85 2 10 25 U 

24-Jan-06 JU 2.9 IU 43 5.4 31 JU 24 J I 5 J 5 UJ 

MWT- 17R 07-Sep-05 IOU 33 IOU 59 IO U IOU IOU JOU IOU IOU 

(22.5' downgradient) 24-Oct-05 IU 16 JU 380 5.9 19 JU 430 J 290 J 3.6 J 

12-Dec-05 SU 4.8 J 5U 120 4.4 J 42 5U 79 180 25 U 

24-Jan-06 IU .1-2· IU 97 4.2 60 IU II 6.2 SU 

Downgradient Well 
PT-22 0I-Dec-05 JU 46 IU 120 2.3 17 IU 5 UJ 5 UJ 5UJ 

12-Dec-05 JU 42 JU 1601 3.8 JO JU 3.8 J 5U 5U 

24-Jan-06 IU 37 IU 110 2.6 26 J U 5 UJ 5 UJ 5 UJ 

Note: 
I) Sample duplicate pairs were collected for MWT-l 2R in Sep-05 and Oct-05, for PT- I 2A in Dec-05, and MWT-19 for Jan-06 sampling events. Non-detected values were reported at fu Uvalue. If an 

analyte was detected in the sample but not detected in the duplicate ( or vice versa), the non-detect value was taken at half and averaged with the detected value. 
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TABLE7A 

PERCENT REDUCTIONS OF TCE AND TOTAL CHLOROETHENES 
ASH LANDFILL MULCH BIOW ALL 

SENECA ARMY DEPOT, ROMULUS, NEW YORK 

Reductions in Concentration of TCE a/ 

Northern Flow Path Southern Flow Path 

TCE TCE Percent TCE TCE Percent 
MWT-12R MWT-15 Reduction PT- 12A MWT-20 Reduction 

Date (µg!L/' (ug/L) TCE (ug/L) (ug/L) TCE 

September-OS 705 < 1.6 99.9% 860 <8.l 99.5% 
October-OS 725 < IO 99.3% 730 <2.5 99.8% 

December-OS 760 <5 99.7% 400 <5 99.4% 
January-06 540 < I 99.9% 530 < I 99.9% 

Reductions in Molar Concentration of Total Chloroethenes 

Northern Flow Path Southern Flow Path 

Total Molar 

Ch lorethenes 

MWT-12R 

Date (nmol!L)°' 

Septem6er-05 16,731 

October-OS 16, 190 

December-OS 17, 167 

January-06 12,089 

a1 TCE = trichloroethene 

bl µg/L = micrograms per liter. 

c1 nmol/L = nanomoles per liter. 

Total Molar 

Chlorethenes 

MWT- 15 

(nmol/L)c/ 

1,791 

2, 192 

401 

147 

Percent Total Molar Total Molar 

Reduction Chlorethenes Chlorethenes 

Total Molar PT-12A MWT-20 

Chloroethenes (nmol!L)°' (nmol/L)c/ 

89.3% l-S ,964 1,838 

86.5% l4;321 1,966 

97.7% 6,370 425 

98.8% 8,530 263 

P:\PIT\Projects\Seneca PBC !\Pi lot Study Report\Drafl Report\Tab les\Table 7 Percent Reductions_R4-jmt. xls-PART I 

Percent 

Reduction 

Total Molar 

Chloroethenes 

88.5% 
86.3% ·. 

93.3% 
96.9% 
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TABLE7B 
PERCENT REDUCTIONS OF TCE AND TOTAL CHLOROETHENES 

ASH LANDFILL MULCH BIOW ALL 
SENECA ARMY DEPOT, ROMULUS, NEW YORK 

Northern Flow Path - Downeradient 
~ 

Reductions in Concentration of TCE a/ 

Immediately Downgradient Further Downgradient 
TCE TCE Percent TCE TCE Percent 

MWT-l2R MWT-16 Reduction MWT-12R MWT-17R Reduction 

Date (uQ/L/1 (u11:/L) TCE (ug/Lt (ug/L) TCE 
September-OS 705 70 90.1 % 705 33 95.3% 

October-OS 725 9.5 98.7% 725 16 97.8% 
December-OS 760 <5 99.7% 760 4.8 99.4% 

January-06 540 2.9 99.5% 540 12 97.8% 

Reductions in Molar Concentration of Total Chloroethenes 
Immediately Downgradient Further Downgradient 

Total Molar 
Chlorethenes 
MWT-12R 

Date (nmol/L)c1 

September-OS 16,731 
October-OS 16,190 

December-OS 17,167 
January-06 12,089 

a1 TCE = trichloroethene 

bl µg/L = micrograms per liter. 

c1 nmol/L = nanomoles per liter. 

Total Molar Percent Total Molar 
Chlorethenes Reduction Chlorethenes 

MWT-16 Total Molar MWT-12R 

(nmol/L) Chloroethenes (nrnol/Lf 
2,196 86.9% 16,731 
4,942 69.5% I 6,190 

. 1,209 93.0% I 7, I 67 
1,026 91.5% 12,089 

P:\Pl1\Projects\Seneca PBC !\Pilot Study Repo11\ Draft Repo11\Tables\Table 7 Percent Reductions_R4-.imt.xls-PART 2 

Total Molar Percent 
Chlorethenes Reduction 
MWT-l?R Total Molar 

(nmol/L) Chloroethenes 
866 94.8% 

4,4 11 72.8% 
2,033 88.2% 
2, 103 82.6% 
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TABLE7B 
PERCENT REDUCTIONS OF TCE AND TOTAL CHLOROETHENES 

ASH LANDFILL MULCH BIOW ALL 
SENECA ARMY DEPOT, ROMULUS, NEW YORK 

- - ----·- - --- - -- - - - --- - - ·-·-e---------South, Flow Path - D1 dient 

Reductions in Concentration of TCE a/ 

Immediately Downgradient Immediately Downgradient 
TCE TCE Percent TCE TCE Percent 

PT-12A MWT-21 Reduction PT-12A MWT-22 Reduction 
Date (u11'/L) (ug/L) TCE (ug/L) (1m/L) TCE 

September-05 860 98 88.6% 860 <3.2 99.8% 
October-05 730 45 93.8% 730 25 96.6% 

December-OS 385 20 94.8% 385 12 96.9% 
January-06 530 18 96.6% 530 25 95.3% 

Reductions in Molar Concentration of Total Chloroethenes 

Immediately Downgradient Further Downgradient 
Total Molar 
Chlorethenes 

PT-12A 

Date (runol!L/ 
September-05 15,964 

October-OS 14,321 
December-OS 6,370 

January-06 8,530 

a1 TCE = trichloroethene 

bl µg/L = micrograms per liter. 

cl nmol/L = nanomoles per liter. 

Total Molar 
Chlorethenes 

MWT-21 

(runol/L) 
13,187 
16,307 
9,180 
8,08'.2 

Percent Total Molar 
Reduction Chlorethenes 

Total Molar PT-12A 

Chloroethenes (nmol!Lf 
17.4% 15,964 
-13.9% 14,321 
-44.1% 6,370 
5.2% 8,530 
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Total Molar Percent 
Chlorethenes Reduction 

MWT-22 Total Molar 

(nmol/L) Chloroethenes 
10,391 34.9% 
14,453 -0.9% 
6,199 2.7% 
7,01 I 17.8% 
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·.._~..,le 8 
Characteristics of Chlorinated Aliphatic Hydrocarbons and Dechlorination Products 

Ash Landfill Mulch Biowall 

Compound Molecular 
Formula 

Chloroethenes 

Trichloroethene (TCE) C,HCI, 

cis-1.2- Dichloroethene C2H2Cl2 
(cis-DCE) 

trans-1,2- Dichloroethene C2H2Cl2 
(trans-DCE) 

1, 1-Dichloroethene (I, 1-DCE) C,H2Cl2 

Vinyl Chloride (VC) C,HJCI 

Ethene C, H4 

Chloroethanes 

I , I , I-Trichloroethane C2H3Cl3 
(I , 1.1-TCA) 

I, 1,2-Trichloroethane C2H.,C13 
(1 ,1,2-TCA) 

I, 1-Dichloroethane C2H4Cl2 

(1 , 1-DCA) 

1,2-Dichloroethane C2H4Cl2 
( 1,2-DCA) 

Chloroethane (CA) C2H,CI 

'Ethane C1H6 

a1 g/mol = grams per mole. 

bl g/ml = grams per milliliter; °C = degrees Celsius. 

c/ mg/L = milligrams per liter. 

Molecular 
Weight 
(g/mol)"1 

131.4 ( I) 

96.94 (I) 

96.94 (I) 

96.94 ( 1) 

62.51 (I) 

28.05 ( 1) 

133.4 ( I) 

133.4 (I) 

98.96 (I) 

98.96 (I) 

64.5 1 (I) 

30.07 (I) 

di mm Hg= vapor pressure measured as millimeters of mercury. 

References: 

Seneca Army Depot Activity, Romulus, NY 

Density Henry's Law Solubility Vapor Octanol/Water 
(g/mL @ Constant (mg/L @ Pressure Partition 

approx. 20 to (atm-m3/mol)'1 approx. 20 to (mm Hg @ Coefficient 

25 °cl' 

1.46 (1) 

1.28 (I) 

1.26 ( I) 

-1.22(1) 

Gas 

Gas 

1.34 ( I) 

1.44 ( I) 

.. 
1. I 8 ( I·) . 

1.24 ( I) 

Gas 

Gas 

25 •qci 20 °C)'11 (log Kow)0 

0.0072 (2) 1,100(3) 60.0 (3) 2.42 (4) 

0.0030 (2) 3.500 (3) 200 (6) 0 .70 

0.0073 (2) 6,300 (4) 340 (6) 2.06 (7) 

0 .021 (2) 2,250 (5) 500 (3) 2.13(4) 

0.218 (2) 1,100(3) 2,660 (3) 0 .60 (4) 

8.60 (7) 131 (7) 30.800 (7) 1. 13 (8) 

0.0 I 33 (2) 4,400 (3) I 00 (3) 2.47(4) 

0.00 12 (7) 4,500 (3) I 9 (3) 2.1 8(4) 

0.0043 (2) 5,500 (3) 180 (3) 1.78 (4) 

0.00098 (6) 8,690 (3) 6 1 (3) 1.48 (4) 

0.0094 (2) 5. 740 (3) 1,0 10(3) 1.43 (4) 

I 9.2 (7) 60.4 (3) 29,300 (3) 1.8 I (8) 

e1 atm-m-'/mol = atmospheres-cubic meter per mole. 
r, log Kow = log of octanol/water pa11ition coefficient (dissolution coefficient). 

w log Koc = log ofocta.nof/carhon coefficient (soi l sorption coefficient). 

(I) Weast. R.C.. M.J. Astle. and W.H. Beyer (eds.). 1989. CRC Handbook of Chemistry and Physics. 75th ed. Boca Raton, FL: CRC Press. 75th ed. 

(2) Gossett. J.M. 1987. Measurement ofHenl)''s Law Constants for CI and C2 Chlo1inated Hydrocarbons. Envimnmcntol Science & Technology. Vol. 21 (2):202-20R. 

(3) Verschueren, K. 1983. Handbook of Environmental Dato on Organic Chemicals. 2nd ed. New York: Van Nostrand Reinhold. 

(4) Montgomery, J.H. 1996. Groundwater Chemicals Desk Reference. 2nd ed. Chelsea. Ml: Lewis. 

(5) Montgomel)'. J.H .. and L.M. Welkom. 1990. Groundwater Chemicals Desk Reference. Chelsea. Ml: Lewis. 

Octanol/Carbon 
Partition 

Coefficient 
(log Koct 

2.03 (5) 

1.65 (7) 

I. 77 (5) 

1.8 1 (5) 

1.23 (5) 

2.48 (7) 

2.02 (5) 

1.75 (5) 

1.48 (5) 

1.28 (5) 

1.42 (7) 

2.66 (7) 

{6) Howard. P.H., G.W. Sage. W.F. Jarvis. and D.A. Gray. 1990. Handbook of Environmental Fote and Exposure Data for Organic Chemical.,. Vol. II - Solvents. Chelsea. MI: Lewis. 

{7) Estimated using Lyman, W.J., W.F. Reeh], and D.H. Rosenblatt. 1990. Handbook of Chemical Property Estimation Methods. Washington. DC: Ame1ican Chemical Society. 

(8) Hansch. C. A. Leo. and D. Hoekman. 1995. Exploring QSAR - Hydrophobic. Electronic. and Sterle Constants. Washington. DC: American Chemical Society. 

(9) Grathwohl. P. 1990. Influence of Organic Matter from Soils and Sediments from Va1ious Origins on the Sorption of Some Chlminated Aliphatic Hydrocarbons. Environmental Science & Technology. 

Vol. 24: 1687-1 693. 
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TABLE9A 

PERCENT REDUCTIONS INT.CE AND TOT AL CHLOROETHENES IN THE ZVI WALL 
ASH LANDFILL MULCH BIOW ALL 

SENECA ARMY DEPOT, ROMULUS, NEW YORK 

Within Walls 

Reductions in Concentration ofTCE at 

North Transect Middle Transect 

ICE ICE Percent ICE ICE Percent 
MWT-1 MWT-2 Reduction MWT-4 MWT-5 Reduction 

Date (µg/Lt (µg/L) ICE (ul1'.!L) (µg/L) ICE 
TS Rounds 

April -99 23 I 95.7% 2 < I 75.0% 
June-99 8 <l 93.8% 2 <I 75.0% 

September-99 <2 <1 NIA <3 < l NIA 
January-00 18 <2 94% <3 < I NIA 

Latest Rounds 

March-04 17 3.2 81.4% 2.6 <0.5 90.4% 
August-04 22 0.8 96.4% 3.9 <0.24 96.9% 

Reductions in Molar Concentration of Total Chloroethenes 

Northern Transect 

Total Molar Total Molar Percent 

Chlorethenes Chlorethenes Reduction 
MWT-1 

Date (nmoI/L)'1 
TS Rounds 

April -99 981 
June-99 417 

September-99 81 

January-00 924 

Latest Rounds 

March-04 565 
August-04 1,260 

,1 TCE = trichloroethene 

bl µg/L = micrograms per liter. 

c1 nmol/L = nanomoles per liter. 

MWT-2 Total Molar 
(nmol/L)'1 Chloroethenes 

299 69.5% 

79 81.1% 

21 74.1% 

267 71.1% 

216 61.8% 

178 85.9°(0 

P:IPI1iProjects\Seneca PBC !\Pilot Study Report\Draft Report\Tables\Table 9 ZVI Percent Reductions .xis 

Middle Transect 

Total Molar Total Molar Percent 

Chloroethenes Chlorethenes Reduction 

MWT-4 MWT-5 Total Molar 
(nmol/L) (nmol/L) Chloroethenes 

560 24 95.7% 
914 231 74.7% 

457 66 85.6% 

643 87 86.5% 

700 134 80.9% 

676 60 91.1% 

South Transect 

ICE ICE Percent 
MWT-7 MWT-8 Reduction 
(µg/L) (ug/L) ICE 

430 <I 99.9% 

530 <2 99.8% 
480 <1 99.9% 

480 <3 99.7% 

386 <0.5 99.9% 

280 1.8 99.4% 

Southern Transect 

Total Molar Total Molar Percent 

Chloroethenes Chlorethenes Reduction 

MWT-7 MWT-8 Total Molar 

(nmol/L) (nmol/L) Chloroethenes 

3,768 22 99.4% 

4,772 467 90.2% 

4,352 87 98.0% 

4,222 612 85.5% 

3,159 898 71.6% 

2,463 1,593 35.3% 
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TABLE9B 

PERCENT REDUCTIONS IN TCE AND TOTAL CHLOROETHENES IN ZVI WALL 
ASH LANDFILL MULCH BIOWALL 

SENECA ARMY DEPOT, ROMULUS, NEW YORK 

D, 
- - -·-- - --~-- --- - - . - --d' ,f Wall 

Reductions in Molar Concentration of Total Chloroethenes 

Northern.Transect Middle Transect Southern Transect 
Total Molar 
Chlorethenes 

MWT-1 
Date (nrnot/L)"' 

TS Rounds 
April-99 981 
June-99 417 

September-99 81 
January-00 924 

Latest Rounds 
March-04 565 
Auirust-04 I 260 

11 TCE = trichloroethene 
bl µg/L = micrograms per liter. 
c1 nmol/L = nanomoles per liter. 

Total Molar Percent 
Chlorethenes Reduction 

MWT-3 Total Molar 

(nrnol/L)"' Chloroethenes 

312 . · ·68.2% 
122 70.7% 
35 56.8% 
543 41.2% 

307 45.7% 
410 67.5% 

P:\?lnProjects\Seneca PBC I\Pilo1 Study Repon\Draft Report\Tables\Table 9 ZVI Percent Reductions.xis 

Total Molar Total Molar Percent Total Molar Total Molar Percent 
Chloroethenes Chlorethenes Reduction Chloroethenes Chlorethenes Reduction 

MWT-4 MWT-6 Total Molar MWT-7 MWT-9 Total Molar 

(nrnol/L) (nrnol/L) Chloroethenes (nrnol/L) (nrnol/L) Chloroethenes 

560 48 91.4% 3,768 684 81.8% 
914 196 78.6% 4,772 2,048 57.1% 
457 128 72.0% 4,352 862 80.2% 
643 I 18 81.6% 4,222 730 82.7% 

700 144 79.4% 3,159 1,506 52.3% 
676 193 71.4% 2,463 2,922 -18.6% 
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Table 10 
Treatment Zone Indicator Parameters 

Ash Landfill M ulch Biowall 
Seneca Army Depot, Romulus, New York 

MWT-13 & MWT-14 & MWT-16 
NORTH TRANSECT MW-39 MWT-12R MWT-15 Treatment Zone MWT-17R PT-22 

Average In Immediately Further Funher 
Parameter Indicator Value (ll Back![ound UeS!:adient Walls Down![adient Down![adient Down![adient 
Dist. from Biowall (ft.) NIA -15 0 7.5 22.5 -140 
Oxygen <0.5 mg/L 0.31 0.56 0.14 0.17 029 0.1 
1 ron (ferrous) >1.0 mg/L 4 0 2.87 2.64 3.3 0.17 
Sulfate <20 mg/L 27.2 741 17.6 39.9 58.5 78.3 
CO2 >2x background 400 656 1,000 983 960 380 
ORP <-100 mV 76 54 -150 -121 -156 -91 
Methane >500 ug/L 0.79 150 21,000 12,500 7,300 970 

Volatile Fatty Acids (l) >0.1 mg/L ND 0.21 403 199 7.61 0.059 
TOC >20 mg/L <1.0 3.8 172 130 29.8 6.9 
Temperature >20 degrees C 9.85 7.40 6.95 7.30 6.7 7 
Alkalinity >2x background 212 296 623 904 781 472 
Chlorides >2x background 2.8 169 59.8 50.0 23.7 16.9 

MWT-18 & MWT-19 & MWT-21 
SOUTH TRANSECT MW-39 PT-12A MWT-20 Treatment Zone MWT-22 PT-22 

Average In Immediately Funher Further 
Parameter Indicator Value <1> Backi£ound Uesradient Walls Down![adient Down![adient Down![adient 
Dist. from Biowall (ft.) -IS 0 7.5 22.S -140 
Oxygen <0.5 mg/L 0.31 0.39 0.07 0.08 0.15 0.1 
Iron (ferrous) >1.0 mg/L 4 0.16 3.21 2.86 2.3 0. 17 
Sulfate <20 mg/L 27.2 585 <4 97.15 370 78 
CO2 >2x background 400 380 993 960 722 380 

ORP <-100 mV . 76 93 -161 -265 -104 -91 
Methane >500 ug/L 0.79 26 18,500 7,425 2,300 970 

Volatile Fatty Acids (l ) >0.1 mg/L ND 0.048 675.7 72.2 4.095 0.059 
TOC >20 mg/L <1.0 4.2 375 63.8 35.5 6.9 
Temperature >20 degrees C 9.85 7.0 7.6 7.45 8.3 7.00 
Alkalinity >2x background 212 320 1,213 1,043 731 472 
Chlorides > 2x background 2.8 40.3 68.1 60.6 63.5 16.9 

Notes: 
Laboratory and field data for the biowall monitoring network were recorded during Round 4 of sampling in January 2006. Data from the background well (MW-39) 
was sampled once in December 2005 and the far downgradient well (PT-22) were collected on 1/28/06. 
(1) Indicator values are listed in "Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater" (USEPA, 1998). 
(2) Volatile fatty acid concentrations are the sum of detected concentrations ofacetic acid, butyric acid, hexanoic acid, pentatonic acid, propionic acid, and pyruvic acid. 

P:IPl1'Projcc1s\Scncca PBC !\Pilot Study Repon\Draft Repon\Tables\Tablo 10 Indicator Parameters.xis-table 7 3/29/2006 
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Figure I 
Reductive Dechlorination of Chlorinated Ethenes 

Ash Landfill Biowall Pilot Study 
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Figure 14 
Ketone Concentrations along the South Transect - Round 2 
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ATTACHMENTS 



Attachment A 

Time from 
Installation 

South Transect (da~) DO ORP Sulfate Iron 
MWT-22 22-Jul-05 0 
(22.5' downgradient) 2-Sep-05 42 0.45 -180 278 4.73 

5-0ct-05 75 1.28 -228 296 2.68 
15-Dec-05 146 0.04 -206 282 2.27 
6-Jan-06 168 0.15 -104 370 2.3 

MWT-22 located 22.5 feet from biowall 
Detection of anaerobic geochemical indicators occurred by 42 days. 
Indicates minimum seepage velocity of approximately 0.54 ft/day, or 196 ft/year. 

Time from 
Installation 

North Transect (da~s) DO ORP Sulfate Iron 
MWT-17R 22-Jul-05 0 
(22.5' downgradient) 2-Sep-05 42 1.25 60 408 0 

5-0ct-05 75 0 -27 80.5 0.2 
15-Dec-05 146 0 -126 43.8 0.8 
6-Jan-06 168 0.29 -156 58.5 3.30* 

MWT-17R located 2.2.5 feet from biowall 
Detection of anaerobic geochemical indicators occurred by 75 days. 
Indicates minimum seepage velocity of approximately 0.3 ft/day, or 11 Oft/year. 

Time from 
Installation 

PT-22 (da~s) DO x1000 ORP Sulfate Iron 
PT-22 22-Jul-05 0 
(150' Downgradient) 2-Dec-05 133 1000.0 57 110 4 

16-Dec-05 147 80 -44 88.8 0.1 
6-Jan-06 168 100 -91 78.3 0.17 

Changes In Geochemistry over Time at PT-22 
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Mn Methane Ethane Ethene vc TOC 

22 1300 1.7 3.4 2.4 U 361 
6.1 1900 1.2 3.5 170 33.2 
0.7 1900 1.2 95 140 34.5 
6.1 2300 1.2 93 140 D 35.5 

Mn Methane Ethane Ethene vc TOC 

0.1 1.1 0.085 0.21 0.24 U 9.3 
5.2 1000 0.049 0.58 19 111 
3.3 4700 0.38 42 42 63.8 

15.2 7300 1.4 51 60 29.8 

Mn Methane Ethane Ethene vc TOC 

1.4 110 0.017 10 7.8 
0.8 990 0.14 45 30 13.4 
1.5 970 0.3 30 26 6.9 

PT-22 located 150 feet from biowall 
Detection of anaerobic geochemical indicators by 150 days. 
Indicates seepage velocity of approximately 1 ft/day, or 365 ft/year. 



Attachment B 

Table 8.1 Contaminant Distribution and Mass Flux North Transect - January 2006 

1. Treatment Zone Physical Dimensions 
Length (Perpendicular to predominant groundwater flow diredion) 
Width (Parallel to predominant groundwater flow) 
Saturated Thickness 

Treatment Zone Cross Sectional Nea 
Treatment Zone Volume 
Treatment Zone Total Pore Volume (total volume x total porosity) 
Treatment Zone Effective Groundwat<ir Volume (total volume x effective porosity) 
Period of Performance 

2. Treatment Zone Hydrogeoto gic Properties 
Total Porosity 
Effective Porosity 
Average Aquifer Hydraulic Conductivity 
Average Hydraulic Gradient 
Average Groundwater Seepage Velocity through the Treatment Zone 
Average Groundwater Seepage Velocity through the Treatment Zone 
Average Groundwater Flux through the Treatment Zone 

Soil Bulk Density 
Soil Fradion Organic Carbon (loc) 

3. Initial Distribution of Mass in the Treatment Zone (one total pore volume) 

NOTE: Shaded boxes are user input 

Values Range Units 
75 
30 
6 

450 
13,500 
25,252 

303,021 
1 

0.25 
3 

14 
0.06 
0.28 

102.2 
1,032,292 

1.69 
0.02 

1- 10,000 !eel 
1- 1.000 reel 
1-100 feet 

.05-50 
_05.50 

fl' 
11> 

gallons 
gallons 
per year 

.01-1000 IVday 
0. 1-0.0001 M l 

rt/day 
It/yr 
gallons/year 

1.4-2.0 gmlcm' 
0.0001-0.1 

A. Dissolved Contaminants Concentration Mass Concentrations for Well MWT-12R 

Tetrachloroethene (PCE) 
Trichloroethene (TCE) 
Oichloroelhene (cis-OCE, trans--DCE, and 1.1-DCE) 
Vinyl Chloride (VC) 
CarbOn Tetrachloride (CT) 
Trichloromethane ( or chlorolorm) (CF) 
Olchloromethane (or methylene chloride) (MC) 
Chloromethane 
Tetrachloroethane (1. 1, 1,2-PCA and 1, 1,2.2-PCA) 
Trichloroethane (1. 1.1-TCAand 1. 1,2-TCA) 
Dichloroelhane (1 , 1-DCA and 1 ,2-DCA) 
Chloroethane 

B. Sorbed Contaminants 
(Soil Concentration = Koc x roe x Cgw) 
Tetrachloroethene (PCE) 
Trichloroethene (TCE) 
Oichloroethene (cis--DCE. trans--DCE, and 1.1-0CE) 
Vinyl Chloride (VC) 
Carbon Tetrachloride (CT) 
Trichloromethane ( or chlorororm) (CF) 
Dlchloromethane (or methylene chloride) (MC) 
Chloromethane 
Tetrachloroethane ( 1, 1, 1,2-PCA and ·1, 1,2.2-PCA) 
Trichloroelhane (t . 1, 1-TCA and l , 1.2-TCA) 
Dichloroethane (1.1-DCA and 1.2-DCA) 
Chloroethane 

Koc 
fmUal 
263 
107 
45 
3.0 
224 
63 
28 
25 
117 
105 
30 
3 

4. Treatment Cell Dissolved Contaminant Flux (per year) 

A. Soluble Contaminant Flux 

Telrachloroethene (PCE) 
Trichloroethene (TCE) 
Dichloroethene (cis-DCE. lrans--OCE. and 1, 1 ·0CE) 
Vinyl Chloride (VC) 
Camon Tetrachloride (CT) 
Trichloromethane ( or chloroform) (CF) 
Oichloromelhane (or methylene chlori'de) (MC) 
Chloromelhane 
Tetrachloroethane (1 , I , 1,2-PCA and 1, 1,2,2-PCA) 
Tiichloroethane (1 .1. 1-TCA and 1, 1,2- TCA) 
Dichloroethane ( I , 1-DCA and 1,2-0CA) 
Chloroelhane 

TOTAL MASS 

rmalll 
0.000 
0.540 
0.669 
0.067 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Soil Cone. 
(mg/kg) 

0.00 
1.16 
0.60 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Flux In 
(MWT-12R) 

Concentration 
(mQ/l) 
0.000 
0.540 
0.669 
0.067 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

(lb) 
0.000 
0.114 
0.141 
0.014 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Mass 
(lb) 

0.000 
1.646 
0.858 
0.006 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Mass 
(lb) 

0.000 
4.652 
5.765 
0.577 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

10.99 

0.269 lbs dissoved in gw 

2.510 lbs soJbed in soil 

Flux Out 
(MWT-15) 

Concentration 
(moll\ 
0.000 
0.000 
0.005 
0.005 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Mass 
(lb) 

0.000 
0.000 
0 .046 
0 .043 
0,000 
0.000 
0.000 
0.000 
0 .000 
0.000 
0 .000 
0 .000 

0 .09 

Percent 
Reduction in 
Mass 

Percent 
Reduction 

100.00% 
99.21% 
92.54'.4 

99.2'k 
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Attachment B 

Table 8.2 Contaminant Distribution and Mass Flux South Transect• January 2006 

1. Treatment Zone Physical Dimensions 
Lenglh (Perpendicular lo predominant groundwater now direclion} 
Widlh (Parallel lo predominanl groundwaler now) 
Saluraled Thickness 

Trea1men1 Zone Cross Sectional Nea 
Trealmenl Zone Volume 
Trea1men1 Zone Total Pore Volume (to1a1 volume x 10Ia1 porosity) 
Treatment Zone Efleclive Groundwaler Volume (lolal volume x effective porosily) 
Period of Performance 

2. Treatment Zone Hydrogeologic Properties 
T olal Porosity 
Efleclive Porosity 
Average Aquifer Hydraulic Conductivity 
Average Hydraulic Gradienl 
Average Groundwater Seepage Velocity lhrough lhe Trealment Zone 
Average Groundwater Seepage Velocity lhrough lhe Treatment Zone 
Average Groundwater Flux lhrough lhe Trealmenl Zone 
Soil Bulk Density 
Soil Fraction Organic Carbon (foe} 

3. Initial Distribution of Mass in the Treatment Zone (one total pore volume) 

NOTE: Shaded boxes are user input. 

Values Range Units 
75 
30 
6 

450 

13.500 
25.252 
15,1 51 

t 

0.25 
0.15 
4.1 

0.02 
0.55 

199.5 
100,771 

1.69 
0.02 

1-10.000 feel 
1-1.000 feel 
1- 100 feet 

.05-50 

.05-50 
.01-1000 

0.1-0.0001 

1.4-2.0 
0.0001-0.1 

11' 
11' 
gallons 
gallons 
per year 

fl/day 
Mt 
fl/day 
fl/yr 
gallons/design life 

gmtcm' 

A. Dissolved Contaminants ConcentraUon Mass Concentrations are for Well PT-12A 

Telrachloroelhene (PCE) 
Trichloroelhene (TCE) 
Oichloroelhene (cis-OCE. trans-OCE. and I .1-DCE) 
Vinyl Chloride (VC) 
Carbon Telrachloride (CT) 
Trichloromethane ( or chloroform) (CF) 
Dichloromethane (or methylene chloride) (MC) 
Chloromelhane 
Tettachloroethane (1. I .1.2-PCA and 1.1.2,2-PCA) 
Trichloroelhane (1 , 1.1-TCA and 1.1.2-TCA) 
Oichloroelhane ( 1.1-DCA and I.2-DCA) 
Chloroelhane 

8. Sorbed Contaminants 
(Soil Concenlrallon = Koc x /oc x Cgw) 
Tetrachloroethene (PCE) 
Trichloroethene (TCE) 
Oichloroelhene (cis-OCE. lrans-OCE. and 1, 1-0CE) 
Vinyl Chloride (VC) 
Carbon Tettachloride (CT) 
Trichloromethane ( or chloroform) (CF) 
Oichloromelhane (or methylene chloride) (MC) 
Chloromelhane 
Tettachloroelhane (I. I ,1.2-PCA and 1.1.2,2-PCA) 
Trichloroethane (1 , 1.1-TCA and 1.1.2-TCA) 
Oichloroelhane ( 1.1-DCA and 1.2-DCA) 
Chloroelhane 

Koc 
(mUg) 

263 
107 
45 
3.0 
224 
63 
28 
25 
117 
105 
30 
3 

4. Treatment Cell Dissolved Contaminant Flux (per year) 

A. Soluble Contaminant Flux 

Tetrachloroethene (PCE) 
Trichloroelhene (TCE) 
Oichloroelhene (cis-DCE. trans-OCE. and I . I -DCE) 
Vinyl Chloride (VC) 
Carbon Telrachloride (CT) 
Trichlorome1hane ( or chloroform) (CF) 
Oichloromethane (or methylene chloride) (MC) 
Chloromelhane 
Telrachloroelhane (1.1, 1.2-PCA and 1. I ,2,2-PCA) 
Trichloroelhane (I, 1.1-TCAand I . I .2-TCA) 
Olchloroelhane (1. I-0CA and t ,2-DCA) 
Chloroelhane 

TOTAL MASS 

Ima/LI 
0.000 
0.530 
0.406 
0.019 
0,000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Soil Cone. 
(ma/kal 

0.00 
1.13 
0.37 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Flux In (PT-
12A) 

Concentration 
(mo/U 
0.000 
0.530 
0.406 
0.019 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

!lbl 
0.000 
0.112 
0.085 
0.004 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Mass 
(lb) 

0.000 
1.616 
0.520 
0.002 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Mass 
(lb) 

0.000 
0.446 
0.341 
0.016 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.80 

0.201 lbs in dissolved phase 

2.137 lbs sorbed 

Flux Out 
(MWT-20) 

Concentration 
lma/L\ 
0.000 
0.000 
0.010 
0.009 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Mass 
Ob) 

0.000 
0.000 
0.009 
0.008 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.02 

Percent 
Reduction in 
Mass 

Percent 
Reduction 

100.00% 
97.49'.<. 
52.11% 

98.0% 
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Figure C-1 
Changes in Fraction of Total Ethcnes Over Time for MWT-l 2R 

U1>gradient Well (North Transect) 
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Figure C-2 
Changes in Fraction of Total Ethenes Over Time for PT-12A 

Upgradient Well (South Transect) 
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Figure C-3 
Changes in Fraction of Total Ethenes Over Time for MWT-13 

1st Wall (North Transect) 
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FigureC-4 
Changes in Fraction of Total Ethenes Over Time for MWT-18 

1st Wall (South Transect) 
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Figure C-5 
Changes in Fraction of Total Ethencs Over Time for MWT-l4 

Between Walls (North Transect) 
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Figure C-6 
Changes in Fraction of Total Ethenes Over Time for MWT-19 

Between Walls (South Transect) 
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Figure C-7 
Changes in Fraction of Total Ethenes Over Time for MWT-15 

2nd Wall (North Transect) 
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Figure C-8 
Changes in Fraction of Total Ethenes Over Time for MWT-20 

2nd Wall (South Transect) 
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Figure C-9 
Changes in Fn ction of Total Ethenes Over Time for MWT-16 

1st D owngradient Well (North Transect) 
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Figure C-10 
Changes in Fraction of Total Etbenes Over Time for MWT-21 

1st Downgradient Well (South Transect) 

"' ~ 
"' ~ -

~ 

~ -----~---_........-

160 

70 80 90 100 110 120 130 140 150 160 
Days from Biowall Insta llation 

P:\PlnProjects\Seneca PBC I\Pilot Study Report\Drafi ReponlTables\Total Molar Ethenes.xls\Ash biowall Charts 

-+-Ethane & Ethenc 

170 180 190 200 

- DCE 
_.,_TCE '-

-....vc 
~ 

-+-Ethane & Ethene 

---
~ 

-

. 
170 180 190 200 



100% 

.. 
= 

90% 

"' ,s 
r.l 

80% 

"' = ii 
70% 

~ 
= .. 60% 

..c, -i:.. 50% 

'3 40% 0 
f,-, .... 
0 30% ... 
= .. .., .. .. 

Q,.. 

20% -

10% 

0% 

40 50 60 

100% 

90% -.. 
= "' ';: 80% -

r.l 
"' = ii 

70% 

"' .. 60% 
= .. 
,s 50% -
i:.. 

'3 40% 0 
~ .... 
0 30% 

= .. .., 
20% .. .. 

,:i,. 

10% 

0% . 

40 50 60 

Figure C-11 
Changes in Fraction of Total E thenes Over Time for MWT-17R 

2nd Downgradient Well (North Transect) 
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Figure C-12 
Changes in Fraction of Total Ethenes Over Time from MWT-22 

2nd Downgradient Well (South Transect) 
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ATTACHMENT 0·1 
Detected VOCs • Round 1 of Biowall Treatablllty Study 

Ash Landfill Mulch Biowall 
Seneca Anny Depot, Romulus, New York 

Facil~y ASH LANDFILL ASH LANDFILL 
Location ID MWT-~2R MWT-12R 

Matrix GW GW 
Sample ID ALBW200f3 ALBW20012 

Sample Depth to Top of Sample 0 0 
Sample Depth to Bottom of Sample 0 0 

Sample Date 9/12/2005 9/12/2005 
QC Code DU SA 
Study ID BIOWALL TS BIOWALL TS 

Round 1 1 
Criteria No. No. No.of 

Parameter Units Maximum Fr!!9uen~ Criteria Source Exceed Detect A nal;tses Value (0! Value (Ol 
1, 1-Dichloroethene UG/L 2 8% 5 GA 0 1 13 80 U 80 U 
1,2-Dichloroethane UG/L 22 15% 0.6 GA 2 2 13 80 U 80 U 
Acetone UG/L 3400 69% 0 9 13 80 U 80 U 
Cis-1,2-Dichloroethene UG/L 1300 100% 5 GA 13 13 13 960 970 
Methyl butyl ketone UG/L 27 15% 0 2 13 80 U 80 U 
Methyl ethyl ketone UG/L 2700 69% 0 9 13 80 UJ 80 U 
Trans-1,2-Dichloroethene UGIL 13 8% 5 GA 1 1 13 80 U 80 U 
Trichloroethene UG/L 860 69% 5 GA 9 9 13 730 680 
Vinyl chloride UG/L 95 23% 2 GA 3 3 13 95 n J 

P:\PIT\Projecls\Seneca PBC I\Pilot Study Report\Dratt Repor1\attachment1\Attachmont D\biowall-Rnd•1&(fata.xls•biowall-Rnd-,1-delods 

ASH LANDFILL ASH LANDFILL 
MWT-13 MWT-14 
GW GW 
ALBW20011 ALBW20010 

0 0 
0 0 

9/12/2005 9/9/2005 
SA SA 
BIOWALL TS BIOWALL TS 

1 

Value (Ol Value (Ol 
250 U sou 
250 U 50 U 

1600 660 
320 1000 
250 U 50 U 

2700 910 
250 U 50 U 
250 U 170 
250 U 50 U 

ASH LANDFILL 
MWT-15 
GW 
ALB\/V20009 

0 

0 
9/9/2005 

SA 
BIOWALL TS 

Value (Ol 
sou 
50 U 

3400 
170 
50 U 

820 
50 U 
50 U 
50 U 
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ATTACHMENT D-1 
Detected VOCs • Round 1 of Biowall Treatability Study 

Ash Landfill Mulch Blowall 
Seneca Anny Depot, Romulus, New York 

Facility ASH LANDFILL ASH LANDFILL 
Location ID MWf-16 MWf-17R 

Matrix GW GW 
Sample ID ALBW20008 ALBW20007 

Sample Depth to Top of Sample 0 0 
Sample Depth to Bottom of Sample 0 0 

Sample Date 9/9/2005 9/9/2005 
QC Code SA SA 
Study ID BIOWALL TS BIOWALL TS 

Round 1 1 
Criteria No. No. No. of 

Parameter Units Maximum Fr!9UenC:z'. Criteria Source Exceed Detect Anal:z'.Ses Value (O! Value (O! 
1, 1-Dichloroethene UG/L 2 8% 5 GA 0 1 13 20 U 10 U 
1,2-Dichloroethane UGIL 22 15% 0.6 GA 2 2 13 22 22 
Acetone UG/L 3400 69% 0 9 13 270 · 10 U 
Cis-1,2-Dichloroethene UG/L 1300 100% 5 GA 13 13 13 160 59 
Methyl butyl ketone UG/L 27 15% 0 2 13 20 U 10 U 
Methyl ethyl ketone UG/L 2700 69% 0 9 13 120 10 U 
Trans-1,2-Dichloroethene UG/L 13 8% 5 GA 1 1 13 20 U 10 U 
T richloroethene UG/L 860 69% 5 GA 9 9 13 70 33 
Vinyl chloride UG/L 95 23% 2 GA 3 3 13 20 U 10 U 

P:IPli\Pn>joetslS•neca PBC !\Pilot Study Report\OraN Ropo,t\lttachmont>\Attad11nent 011,.,_11.Rnd-1-data.xls-blcwol~Rnc;.1 ~loots 

ASH LANDFILL 
MWf-18 
GW 
ALBW20005 

0 
0 

9/8/2005 
SA 
BIOWALL TS 

1 

Value (O! 
50 U 
50 U 

1200 J 
120 
27 J 

2500 J 
50 U 
28 J 
50 U 

ASH LANDFILL 
MWf-19 
GW 
ALBW20004 

0 
0 

918/2005 
SA 
BIOWALL TS 

1 

Value (O! 
2J 

10 U 
370 

1300 
4J 

600 
13 

110 
17 

ASH LANDFILL 
MWf-20 
GW 
ALBW20003 

0 
0 

9f7/2005 
SA 
BIOWALL TS 

1 

Value (0) 
250 U 
250 U 

3200 
160 J 
250 U 

1700 
250 U 
250 U 
250 U 
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Facilay 
Location ID 

Matrix 
Sample ID 

Sample Depth to Top of Sample 
Sample Depth to Bottom of Sample 

Sample Date 
QC Code 
Study ID 

Round 

Parameter Units Maximum 
1, 1-Oiehloroethene UG/L 2 
1,2-Diehloroethane UG/L 22 
Acetone UG/L 3400 
Cis-1,2-Diehloroethene UG/L 1300 
Methyl butyl ketone UG/L 27 
Methyl ethyl ketone UG/L 2700 
Trans-1,2-Dlehloroethene UG/L 13 
Triehloroethene UG/L 860 
Vinyl chloride UG/L 95 

ATTACHMENT 0-1 
Detected VOCs • Round 1 of Blowall Treatabillty Study 

Ash Landfill Mulch Blowall 
Seneea Anny Depot, Romulus, New York 

ASH LANDFILL 
MWT-21 
GW 
ALBW20002 

0 
0 

917/2005 
SA 
BIOWALL TS 

1 
Criteria No. No. No. of 

Fr!9uenc:r: Criteria Source Exceed Oeteet Anal;r:ses Value (Ol 
8% 5 GA 0 1 · 13 100 U 
15% 0.6 GA 2 2 13 100 U 
69% 0 9 13 250 
100% 5 GA 13 13 13 1200 
15% 0 2 13 100 U 
69% 0 9 13 270 
8% 5 GA , 1 13 100 U 

69% 5 GA 9 9 13 98 J 
23% 2 GA 3 3 13 100 U 

P:\PIT\Projects\Seneca PSC !\Pilot Study Report\Draft Report\attachment1\Attachment O\biowal~Rnd--1--data.xls-biowa~Rnd--1.0etects 

ASH LANDFILL 
MWT-22 
GW 
ALBW20001 

0 

0 
917/2005 

SA 
BIOWALL TS 

1 

Value !Ol 
100 U 
100 U 
440 

1000 
100 U 
480 
100 U 
100 U 
100 U 

ASH LANDFILL 
PT-12A 
GW 
ALBW20006 

0 
0 

9/9/2005 
SA 
BIOWALL TS 

Value (Ol 
50 U 
50 U 
50 U 

910 
50 U 
50 U 
50 U 

860 
50 U 
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ATTACHMENT 0-2 
Detected VOCs - Round 2 of Biowall Treatablllty Study 

Ash Landfill Mulch Biowall 
Seneca Anny Depot, Romulus, New York 

Facility ASH LANDFILL 
location ID M'l/-56 

Matrix GW 
Sample ID ALBW20026 

Sample Depth to Top of Sample 0 
Sample Depth to Bottom of Sample 0 

Sample Date 10/26/2005 
OCCode SA 
Study ID BIOWALL TS 

Round 2 
Criteria No. No. No. of 

Parameter Units Maximum F!!9uenc:r: Criteria Source Exceed Detect Anal:r:ses Value (0) 
1, 1-Dichloroethene UG/L 2.8 29% 5 GA 0 4 14 1 U 
1,2-Dichloroethane UG/l 12 36% 0.6 GA 5 5 14 1 U 
Acetone UGIL 8000 93% 0 13 14 4.3 J 
Benzene UGIL 0.48 14% 1 GA 0 2 14 1 U 
Cis-1 .2-Dichloroethene UGIL 1600 100% 5 GA 13 14 14 1.8 
Methyl butyl ketone UG/L 34 21% 0 3 14 SU 
Methyl ethyl ketone UG/L 9300 71% 0 10 14 SU 
Toluene UG/L 15 21% 5 GA 1 3 14 ·, u 
Trans-1,2-Dichloroethene UG/L 38 64% 5 GA 8 9 14 • 1 U 
Trichloroethene UGIL 740 57% 5 GA 8 8 14 1 U 
Vinyl chloride UGIL 170 79% 2 GA 11 11 14 1 U 

P;IPIT\Projec1s\Soneca PBC I\Pllol Sludy Repo<1\()raft Report\alllchmonts\Attachmont D\biowal-Rnd-2-dat.a.xls-t.owal~Rnd-2-delec1s 

ASH LANDFILL ASH LANDFILL 
1.11\A,,.. <11 ... 0 
1\/IVV J • I~" IVIVV I• I~"' 

GW GW 
ALBW20027 ALBW20025 

0 0 
0 0 

10/26/2005 10/2612005 
DU SA 
BIOWALL TS BIOWALL TS 

2 2 

Value (0) Value (O! 
2.6 2.8 

0.74 J 0.7 J 
3 J 4.1 J 

0.45 J 0.48 J 
880 910 

SU SU 
SU SU 
1 U 1 U 

22 23 
710 740 
82 87 

ASH LANDFILL 
MVVi .. iS 
GW 
ALBW20024 

0 
0 

10/2612005 
SA 
BIOWALL TS 

2 

Value (0) 
20 U 
20 U 

8000 
20 UJ 

410 
100 U 

9300 
20 UJ 
20 U 
20 U 
20 U 

ASH LANDFILL 
MwT-i<i 
GW 
ALBW20023 

0 
0 

10/2512005 
SA 
BIOWALL TS 

2 

Value (0) 
10 U 
10 U 

2800 
10 U 

1600 
50 U 

2900 
10 U 
22 
10 U 
10 
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ATTACHMENT 0-2 
Detected voes • Round 2 of Blowall Treatability Study 

Ash Landfill Mulch Blowall 
Seneca Army Depot, Romulus, New York 

Facil~y ASH LANDFILL 
LQC.i!iQn!O M\AlT"~15 

Matrix GW 
Sample ID ALBW20022 

Sample Depth to Top of Sample 0 
Sample Depth to Bottom of Sample 0 

Sample Date 10/2512005 
OCCode SA 
Study ID BIOWALL TS 

Round 2 
Criteria No. No. No. of 

Parameter Units Maximum Freguenc;r: Criteria Source Exceed Detect Anal;r:ses Value (0) 
1.1-Dichloroethene UG/L 2.8 29% s GA 0 4 14 20 U 
1,2-Dichloroethane UG/L 12 36% 0.6 GA 5 5 14 20 U 
Acetone UG/L 8000 93% 0 13 14 140 
Benzene UG/L 0.48 14% 1 GA 0 2 14 20 UJ 
Cis-1,2-Dichloroethene UG/L 1600 100% 5 GA 13 14 14 140 
Methyl butyl ketone UG/L 34 21% 0 3 14 100 U 
Methyl ethyl ketone UG/L 9300 71% 0 10 14 690 
Toluene UG/L 15 21% 5 GA 1 3 14 20 UJ 
Trans-1.2-Dichlorcethene UG/L 38 64% 5 GA 8 9 14 20 U 
Trichloroethene UG/L 740 57% 5 GA 8 8 14 20 U 
Vinyl chloride UG/L 170 79% 2 GA 11 11 14 36 

P:IPIT\Pro]ects\Seneca PBC 1\Pllol Sludy Report\Oraft Reponlallachmonts\Attachmenl D'blowal-Rn<l-2-dala.xls-biowal~Rnd-2-delects 

ASH LANDFILL ASH LANDFILL 
M\A.'T=16 MVVT•17R 
GW GW 
ALBW20021 ALBW20020 

0 0 
0 0 

10125/2005 10/2412005 
SA SA 
BIOWALL TS BIOWALL TS 

2 2 

Value !0! Value !O) 
20 U 1 U 
12 J 9.9 

740 430 J 
20 UJ 1 U 

380 380 
100 U 3.6 J 
750 290 J 

20 UJ 1.1 
20 U 5.9 

9.5 J 16 
51 19 

ASH LANDFILL 
&•\Arr ,t 0 
lltlVlf 1- 10 

GW 
ALBW20018 

0 
0 

10/25/2005 
SA 
BIOWALL TS 

2 

Value !0! 
20 U 
20 U 

3000 
20 UJ 

190 
100 U 

4400 
20 UJ 
20 U 
20 U 
20 U 

ASH LANDFILL 
anAl'I" •n 
IVIVY 1- 1::, 

GW 
ALBW20017 

0 
0 

10/25/2005 
SA 
BIOWALL TS 

2 

Value !O) 
SU 
SU 

190 
SU 

1600 
25 U 

200 
SU 

21 
33 
18 
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ATTACHMENT 0-2 
Detected VOCs • Round 2 of Biowall Treatabllity Study 

Ash Landfill Mulch Blowall 
Seneca Army Depot, Romulus, New York 

Facility ASH LANDFILL 
Location ID MWT-20 

Matrix GW 
Sample ID ALBW20016 

Sample Depth to Top of Sample 0 
Sample Depth to Bottom of Sample 0 

Sample Date 10/24/2005 
QC Code SA 
Study ID BIOWALL TS 

Round 2 
Criteria No. No. No. of 

Parameter Units Maximum Freguenc;t Criteria Source Exceed Detect Anal;tses Value !O! 
1.1-Dichloroethene UG/L 2.8 29% 5 GA 0 4 14 SU 
1,2-Dichloroethane UG/L 12 36% 0.6 GA 5 5 14 SU 
Acetone UG/L 8000 93% 0 13 14 270 J 
Benzene UG/L 0.48 14% 1 GA 0 2 14 SU 
Cis-1,2-Dichloroethene UG/L 1600 100% 5 GA 13 14 14 · 160 
Methyl butyl ketone UG/L 34 21% 0 3 14 34 
Methyl ethyl ketone UG/L 9300 71% 0 10 14 990 J 
Toluene UG/L 15 21% 5 GA 1 3 14 15 
Trans-1.2-Dichloroethene UG/L 38 64% 5 GA 8 9 14 2.9 J 
Trichloroethene UGIL 740 57% 5 GA 8 8 14 SU 
Vinyl chloride UGIL 170 79% 2 GA 11 11 14 16 

P:\PlT\Projects\Seneca PBC 1\Pllol Stud)' Reporf\Craft Repcrt\an.chments\Attachment D\biowaN-Rnd-2.clata.xl~blowalJ.Rn(S.2•deleetl 

ASH LANDFILL ASH LANDFILL 
MWT-21 MWT-22 
GW GW 
ALBW20015 ALBW20014 

0 0 
0 0 

10124/2005 1012612005 
SA SA 
BIOWALL TS BIOWALL TS 

2 2 

Value !Ol Value !0) 
2.4 J SU 

0.61 J SU 
350 J 340 

1 U SU 
1400 1100 

6 25 U 
310 J 310 
4.8 SU 
38 17 
45 25 
69 170 

ASH LANDFILL 
PT-12A 
GW 
ALBW20019 

0 
0 

10125/2005 
SA 
BIOWALL TS 

2 

Value !0) 
1.3 

1 U 
SU 
1 U 

800 
SU 
SU 
1 U 

11 
730 

24 
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ATTACHMENT 0-3 
Detected voes - Round 3 of Biowall Treatability Study 

Ash Landfill Mulch Biowall 
Seneca Army Depot, Romulus, New York 

Facility ASH LANDFILL 
L6aiii6ii iD MW-39 

Malrix GW 
Sample 10 ALBW20028 

Sample Depth to Top of Sample 0 
Sample Depth to Bottom of Sample 0 

Sample Date 12/1/2005 
QC Code SA 
Study 10 BIOWALL TS 

Round 3· 
Criteria No. No. No. of 

Parameter Units Maximum Fr!9uenc~ Criteria Source Exceed Detect Anal~ses Value !0! 
1.1-0ichloroethene UG/L 2.9 20% 5 GA 0 3 15 
1,2,4-Trichlorobenzene UG/L 3.8 7% 5 GA 0 1 15 
1,2-Diehloroethane UG/L 6.8 27% 0.6 GA 4 4 15 
Acetone UG/L 4900 80% 0 12 15 
Benzene UG/L 2.9 13% 1 GA 1 2 15 
Cis-1,2-0iehloroethene UG/1. 1000 100% 5 GA 15 15 15 
Methyl butyl ketone UG/L 62 20% 0 3 15 
Methyl ethyl ketone UG/1. 7600 67% 0 10 15 
Toluene UG/1. 26 40% 5 GA 3 6 15 
Trans-1,2-0lchloroethene UG/L 22 87% 5 GA 7 13 15 
Trichloroethene UG/1. 760 67% 5 GA 8 10 15 
Vinyl chloride UG/L 230 100% 2 GA 15 15 15 

P:\PIT\Projeeb\Senec-.a PBC l\?ilot Study Report\Dr1ft Repott\attachments\Machment O\blowell-Rnd--l-d.ata.xl1-biow1G-Rn~~etectc 

ASH LANDFILL ASH LANDFILL 
MWf-12R MWT-13 

GW GW 
ALBW20041 ALBW20040 

0 0 
0 0 

12/16/2005 12/16/2005 
SA SA 

BIOWALL TS BIOWALL TS 
3 3 

Value !O! Value (O! 
2.9 10 U 

1 U 10 U 
1 U 10 U 

3.8 J 4900 
0.5 J 10 U 

980 220 
SU 62 
SU 6000 
1 U 10 U 

21 10 U 
760 10 U 
64 41 

ASH LANDFILL 
MWT-14 

GW 
ALBW20039 

0 
0 

12/15/2005 
SA 

BIOWALL TS 
3 

Value !O! 
10 U 
10 U 
10 U 

2300 
10 U 

550 
36 J 

2800 
10 U 
15 
10 U 

230 

F>age 1 of 4 
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Facility 
Location io 

Matrix 
Sample ID 

Sample Depth to Top of Sample 
Sample Depth to Bottom of Sample 

Sample Date 
QC Code 
Study ID 

Round 

Parameter Units 
1, 1-Dichloroethene UG/L 
1,2,4-Trichlorobenzene UG/L 
1,2-Dichloroethane UG/L 
Acetone UG/L 
Benzene UG/L 
Cis-1,2-Dichloroethene UG/L 
Methyl butyl ketone UG/L 
Melhyt ethyl ketone UG/L 
Toluene UG/L 
Trans-1,2-Dichloroethene UG/L 
Trichloroethene UG/L 
Vinyl chloride UG/L 

Maximum F!:!9UenC)! 
2.9 20% 
3,8 7% 
6,8 27% 

4900 80% 
2.9 13% 

1000 100% 
62 20% 

7600 67% 
26 40% 
22 87% 
760 67% 
230 100% 

ATTACHMENT D-3 
Detected voes • Round 3 of Blowall Treatability Study 

Ash Landfill Mulch Biowall 
Seneca Army Depot, Romulus, New York 

ASH LANDFILL 
MWT-15 

GW 
ALBW20038 

0 
0 

12/14/2005 
SA 

BIOWALL TS· 
3 

Criteria No. No, No. of 
Criteria Source Exceed Detect Anal)!Ses Value {O! 

5 GA 0 3 15 SU 
5 GA 0 1 15 SU 

0.6 GA 4 4 15 SU 
0 12 15 130 

GA 1 2 15 SU 
5 GA 15 15 15 15 

0 3 15 25 U 
0 10 15 140 

5 GA 3 6 15 7.6 
5 GA 7 13 15 2.6 J 
5 GA 8 10 15 SU 
2 GA 15 15 15 10 

P:\PIT\Projeets\Senoca PBC f\Pilot Study Repo,t\Draft Reporl\attachments\Attachment OlblowaH•Rnd-J..data.xlw.iiowaD-Rnd-3-detects 

ASH LANDFILL 
MWT-16 

GW 
ALBW20037 

0 
0 

12/13/2005 
SA 

BIOWALL TS 
3 

Value {Ol 
SU 
SU 

6,8 
85 
5U 

58 
25 U 

210 
4.5 J 
5.3 
2.5 J 
31 

ASH LANDFILL 
MWT-17R 

GW 
ALBW20036 

0 
0 

12/12/2005 
SA 

BIOWALL TS 
3 

Value@ 
su 

SU 
6,6 
79 
SU 

120 
25 U 

180 
2.5 J 
4.4 J 
4.8 J 
42 

ASH LANDFILL 
MWT-18 

GW 
ALBW20034 

0 
0 

12/14/2005 
SA 

BIOWALL TS 
3 

Value 191, 
~ 

3.8 J 
SU 

4700 J 
2.9 J 
230 
49 

7600 
4,6 J 

SU 
SU 

23 
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ATTACHMENT D-3 
Detected voes • Round 3 of Blowall Treatability Study 

Ash Landfill Mulch Biowall 
Seneca Army Depot, Romulus, New York 

Facility ASH LANDFILL 
Location ID MWT-19 

Matrix GW 
Sample ID ALBW20033 

Sample Depth to Top of Sample 0 
Sample Depth to Bottom of Sample 0 

Sample Date 1211312005 
QC Code SA 
Study ID BIOWALL TS 

Round 3 
Criteria No. No. No. of 

Parameter Units Maximum Freguenc;r: Criteria Source Exceed Detect Anal;r:ses Value (0! 
1.1-Dichloroetnene UG/L 2.9 20% 5 GA 0 3 15 2.1 J 
1.2.4-Trichlorobenzene UG/L 3.8 7% 5 GA 0 1 15 SU 
1.2-Dlchloroethane UGIL 6.8 27% 0.6 GA 4 4 15 SU 
Acetone UGIL 4900 80% 0 12 15 180 
Benzene UGIL 2.9 13% 1 GA 1 2 15 SU 
Cis-1.2-Dichloroethene UGIL 1000 100% 5 GA 15 15 15 1000 
Methyl butyl ketone UGIL 62 20% 0 3 15 25 U 
Methyl ethyl ketone UG/L 7600 67% 0 10 15 330 
Toluene UG/L 26 40% 5 GA 3 6 15 SU 
Trans-1.2-Dichloroethene UG/L 22 87% 5 GA 7 13 15 17 
Trichloroethene UGIL 760 67% 5 GA 8 10 15 17 
Vinyl chloride UG/L 230 100% 2 GA 15 15 15 140 J 

P:\PIT\Projecta\Seneca PSC 1\Pilot SIUdy Report\Drafl Report\att.ldlmentl\Attachm~t Olblowall-Rnd-3--data.xll-blowalJ.Rnd-3-delecta 

ASH LANDFILL ASH LANDFILL 
MWT-20 MWT-21 

GW GW 
ALBW20032 ALBW20031 

0 0 
0 0 

12/1312005 1211312005 
SA SA 

BIOWALL TS BIOWALL TS 
3 3 

Value (0! Value (0) 
SU SU 
SU SU 
SU SU 

200 73 
SU SU 

13 570 
25 U 25 U 

260 66 
26 6.6 

2.2 J 22 
SU 20 

13 J 180 

ASH LANDFILL 
MWT-22 

GW 
ALBW20030 

0 
0 

1211212005 
SA 

BIOWALL TS 
3 

Value (O! 
SU 
SU 
SU 

66 
SU 

360 
25 U 
89 
SU 

11 
12 

140 
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ATTACHMENT 0-3 
Detected VOCs - Round 3 of Biowall Treatability Study 

Ash Landfill Mulch B iowall 
Seneca Army Depot, Romulus, New York 

Facility ASH LANDFILL 
Location ID PT-12A 

Matrix GW 
Sample ID ALBW20043 

Sample Depth to Top of Sample 0 
Sample Depth to Bottom of Sample 0 

Sample Date 12/14/2005 
QC Code OU 
Study ID BIOWALL TS 

Round 3 
Criteria No. No. No. of 

Parameter Units Maximum F!:!9uenci Criteria Source Exceed Detect An11ises Value ·;ai 
1.1-Dichloroethene UG/L 2.9 20% 5 GA 0 3 15 1 U 
1,2,4-Trichlorobenzene UG/L 3.8 7% 5 GA 0 1 15 1 U 
1,2-Dichloroethane UG/l 6.8 27% 0.6 GA 4 4 15 1 U 
Acatone UG/L 4900 80% 0 12 15 SU 
Benzene UG/l 2.9 13% 1 GA 1 2 15 1 U 
Cis-1,2-Olchloroethene UG/L 1000 100% 5 GA 15 15 15 320 
Methyl butyl ketone UG/L 62 20% 0 3 15 SU 
Methyl ethyl ketone UG/l 7600 67% 0 10 15 5U 
Toluene UG/L 26 40% 5 GA 3 6 15 1 U 
Trans-1,2-Dlchloroethene UG/l 22 87% 5 GA 7 13 15 4.6 
T richloroethene UG/l 760 67% 5 GA 8 10 15 .370 
Vinyl chloride UG/L 230 100% 2 GA 15 15 15 7.6 

P:\PlnProjects\Seneca PBC I\Pilot Study Report\Oraft Report\aft1chments'-"ttaehmeot O~owaD-Rnd-3-data.xls-blowall••Rnd--3--detectl 

ASH LANDFILL ASH LANl:>FI!,!, 
PT-12A PT-22 

GW GW 
ALBW20035 ALBW20029 

0 0 
0 0 

12/14/2005 12/1/2005 
SA SA 

BIOWALL TS BIOWALL TS 
3 3 

Value (O! Value (O! 
0.61 J 1 U 

1 U 1 UJ 
1 U 4.3 
SU 5 UJ 
1 U 1 U 

310 120 
SU 5 UJ 
SU 5 UJ 
1 U 1 U 

5.2 2.3 
400 46 
8.8 17 

A$H !.Al'!QF!LL 
PT-22 
GW 
ALBW20042 

0 
0 

12/16/2005 
SA 
BIOWALL TS 

3 

Value (O! 
1 U 
1 U 

5.5 
3.8 J 

1 U 
160 J 

5U 
5U 
1 U 

3.8 
42 
30 
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ATTACHMENT D-4 
Detected voes - Round 4 of Biowall Treatabiiity Study 

Ash Landfill Mulch Biowali 
Seneca Anny Depot, Romulus, New York 

Facility ASH LANDFILL ASH LANDFILL 
Location ID MWf-12R MWf-i3 

Matrix GW GW 
Sample ID ALBVl/20056 ALBVl/20055 

Sample Depth to Top of Sample 0 0 
Sample Depth to Bottom of Sample 0 0 

Sample Date 1/2812006 1/28/2006 
QC Code SA SA 
Study ID BIOWALL TS BIOWALL TS 

Round 4 4 
Criteria No. No. No. of 

Parameter Units Maximum Freguenc;i: Criteria Source Exceed Detect Anal;i:ses Value (0) Value (0) 
1 . 1-Dichloroethene UG/L 2.3 36% 5 GA 0 5 14 2.3 1 U 
1,2-Dichloroethane UG/L 8.7 36% 0.6 GA 4 5 14 0.53 J 1 U 
Acetone UG/L 1800 86% 0 12 14 5.6 J 1600 
Carbon disulfide UG/L 4,7 21% 0 3 14 1 UJ 1 UJ 
Cis-1 ,2-Dichloroethene UG/1. 890 100% 5 GA 13 14 14 650 52 
Methyl butyl ketone UG/1. 38 43% 0 6 14 5 UJ 38 J 
Methyl ethyl ketone UG/1. 5800 79% 0 11 14 5 UJ 2000 
Methyl isobutyl ketone UG/1. 2.6 7% 0 1 14 5 UJ 2.6 J 
Methylene chloride UG/1. 12 7% 5 GA 1 1 14 1 U 1 U 
Toluene UG/1. 28 71% 5 GA 3 10 14 1 U 2.9 
Trans-1 ,2-Diehloroethene UG/L 20 93% 5 GA 8 13 14 17 1.9 
Trichtoroethene UG/L 540 71% 5 GA 8 10 14 540 1 U 
Vinyl chloride UG/L 350 100% 2 GA 14 14 14 67 55 

P:\PITIProjects\Seneca PBC f\Pilot Study Report\Oraft Repon\attachments\Attachment O\bfowall-Rnd-4~.)j~all-Rr,d,,.+deleds 

ASH LANDFILL ASH LANDFILL 
U\NT_1A MV''lf.:.~ 5 

GW GW 
ALBVl/20054 ALBVl/20053 

0 0 
0 0 

1127/2006 1/27/2006 
SA SA 

BIOWALL TS BIOWALL TS 
4 4 

Value (0) Value (0) 
1 U 1 U 

1.9 1 U 
770 55 J 

1 J 4.7 J 
140 3.1 

17 J 5 UJ 
930 33 J 

5 UJ 5 UJ 
1 U 1 U 
1 9.8 

11 2.2 
2 1 U 

340 5 

ASH LANDFILL 
lJI\Al'T' 4~ 
l\'IY'I i•IU 

GW 
ALBVl/20052 

0 
0 

1/27/2006 
SA 

BIOWALL TS 
4 

Value (0) 
1 U 

8.7 
24 J 

1 UJ 
43 
5 UJ 

15 J 
5 UJ 
1 U 

2.8 
5.4 
2.9 
31 
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ATTACHMENT D-4 
Detected voes • Round 4 of Blowall Treatability Study 

Ash Landfill Mulch Biowall 
Seneca Anny Depot, Romulus, New York 

Facility ASH LANDFILL ASH LANDFILL 
Location ID MWT~17R U\ArT'_1A 

Matrix GW GW 
Sample ID ALBW20051 ALBW20049 

Sample Depth to Top of Sample 0 0 
Sample Depth to Bottom of Sample 0 0 

Sample Date 1/26/2006 1/27/2006 
QC Code SA SA 
Study 10 BIOWALL TS BIOWALL TS 

Round 4 4 
Criteria No. No. No. of 

Parameter Units Maximum Freguenc:r: Criteria Source Exceed Detect Anal:r:ses Value jO) Value (Ol 
1, 1-0ichloroethene UG/L 2.3 36% 5 GA 0 5 14 1 u.: .. 20 U 
1.2-0ichloroethane UG/L 8.7 36% 0.6 GA 4 5 14 5.8 20 U 
Acetone UG/L 1800 86% 0 12 14 11 1800 
Carbon disulfide UG/L 4.7 21% 0 3 14 0.75 J 20 U 
Cis-1,2-Dichloroethene UG/L 890 100% 5 GA 13 14 14 97 150 
Methyl butyl ketone UG/L 38 43% 0 6 14 SU 100 U 
Methyl ethyl ketone UG/L 5800 79% 0 11 14 6.2 5800 
Methyl isobutyl ketone UG/L 2.6 7% 0 1 14 SU 100 U 
Methylene chloride UG/L 12 7% 5 GA 1 1 14 1 U 12 J 
Toluene UG/L 28 71% 5 GA 3 10 14 1.7 20 U 
Trans-1,2-Dichloroelhene UG/L 20 93% 5 GA 8 13 14 4.2 20 U 
Trichloroethene UG/L 540 71% 5 GA 8 10 14 12 20 U 
Vinyl chloride UG/L 350 100% 2 GA 14 14 14 60 26 

P:IPIT\Projects\Soneca PBC 1\Pllot Study Ropo,1\0raft Ropo~laltaC11m.n1s1Attaellment O~owoll-Rnd-4-dataJds.blowan-Rnd-4-dotocts 

ASH LANDFILL ASH LANDFILL 
M\Alr=19 MV• .. 'r•ig 

GW GW 
ALBW20048 ALBW20047 

0 0 
0 0 

1/27/2006 1/27/2006 
OU SA 

BIOWALL TS BIOWALL TS 
4 4 

Value (O! Value !Ol 
1.4 1.4 

1 U 1 U 
170 J 170 J 

1 UJ 1 UJ 
890 850 
5.8 J 5.6 J 

460 J 450 J 
5 UJ 5 UJ 
1 U 1 U 

0.62 J 0.6 J 
20 20 
22 21 

350 340 

~ 

ASH LANDFILL 
IJI\Al'T" ">n n11•• I ~,v 

GW 
ALBW20046 

0 
0 

1/27/2006 
SA 

BIOWALL TS 
4 

Value (O! 
1 U 
1 U 

410 J 
1 UJ 

8.4 
17 J 

660 
5 UJ 
1 U 

28 
1.8 

1 U 
9.1 
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Attachment D-5 
Total Organic ~arbon in Soil• Biowall Treatability Study 

,sh Landfill Mulch Biowall 
.rmy Depot, Romulus, New York 

Facility ASH LANDFrLL ASH LANDFILL ASH LANDFILL ASH LANDFILL 
Location ID MWT-17R MWT-17R MWT-12R MWT-12R 

Matrix s IL SOIL SOIL SOIL 
Sample ID ALBW10 01 ALBW10002 ALBW10003 ALBW10004 

Sample Depth to Top of Sample .4 8.2 5 5.5 
Sample Depth to Bottom of Sample .4 8.2 5.5 5.7 

Sample Date 8/12/2 05 8/12/2005 8/22/2005 8/22/2005 
QC Code A SA SA SA 
Study ID BIOWALL s BIOWALL TS BIOWALL TS BIOWALL TS 

Round 1 1 1 1 

Parameter Units Va ue Q Value Q Value Q) Value (Q 
Total Organic Carbon MG/KG 27 00 15700 . 25800 5830 

P:\PlnProjects\Seneca PBC I\Pilot Study Report\Draft Report\attachments\Attachment D\Att D - Ash TOC data.xis 
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