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1.0 INTRODUCTION 

ERM-Northeast, on behalf of Metro-North Railroad Company (Metro-North), 

has prepared this Field Investigation Report for the Harmon Railroad Yard in 

Croton-on-Hudson, New York. This report summarizes work that has been 

conducted on Metro-North's initiative with the intent to use appropriate 

information in support of the requirements of the Stipulation of Discontinuance 

between the New York State Department of Environmental Conservation 

(NYSDEC) and Metro-North. 

The Harmon Railroad Yard (the Yard) has been an active rail yard for more 

than 100 years. The Yard has been operated by Metro-North since 1983. In 

the process of handling large quantities of petroleum, such as fuel oil, diesel 

fuel, and gasoline in both aboveground and underground storage tanks, there 

have been some discharges of petroleum to the subsurface. For the purposes 

of this report, petroleum products will be referred to by the generic term non

aqueous phase liquid (NAPL). In the context of this investigation, NAPLs are 

petroleum hydrocarbons with a specific gravity less than that of water, which 

causes them to accumulate on the surface of the water table, when sufficient 

quantities are present. The focus of this investigation has been to define the 

lateral extent of NAPL at the Yard, as well as to determine its chemical 

characteristics and to evaluate potential impacts by the NAPL to soil and 

ground water at Harmon Yard. In addition, the results of the Field 

Investigation will be used to determine the appropriate remedial actions for 

NAPL and, if necessary, soils at the Yard that have been impacted for NAPL. 

1.1 SITE DESCRIPTION AND HISTORY 

The Yard is located in the Village of Croton-on-Hudson, New York, and is 

bounded by Route 9 on the east and Croton Point Park to the west. The site 

location is shown on Figure 1-1. The Yard is approximately 100 acres in size 
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and is on a fairly level grade. According to the most recent U.S. Geological 

Survey (USGS) information on the area, the change in elevation from the north 

end of the Yard to the south end of the Yard (near the bridge that crosses 

Croton Bay) is approximately 11 feet. Much of the Yard lies on the eastern 

edge of Croton Point, a peninsula that extends approximately two miles into 

the Hudson River and forms Croton Bay. The Yard is a fairly low-lying area, 

and is adjacent to the Croton Point Landfill, the surface of which is 

approximately 45 feet higher than the Yard. The landfill, operated from 1927 

until 1986, is currently the focus of remediation activities which are being 

conducted under NYSDEC oversight. On the northwestern side of the Yard is 

the Half Moon Bay Development. The development stretches from the 

northern shore of Croton Point along the Hudson River shoreline to a point 

north of the Yard (Figure 1-1). 

According to available records, the Yard has been in existence for over 100 

years. The Yard's layout is shown on Figure 1-2 (in map pocket). The Yard 

includes a major diesel/electric shop for maintenance of passenger cars and 

locomotives, a carwash, a blowshed, a rail car storage yard, a locomotive 

fueling pad with an aboveground storage tank, a 47,500 square foot warehouse 

facility, an automotive fueling facility, wastewater treatment facilities, 

headquarters and shop facilities for various maintenance departments, and 

approximately 300,000 square feet of outdoor paved storage and parking areas. 

The majority of these facilities have been constructed since 1983 when Metro-

North was created. Most of the maintenance operations occur on the northern 

side of the Yard, in the vicinity of the Electric Shop and the wastewater 

treatment plant (WWTP). Refueling activities take place in the central portion 

of the Yard, and the southern end of the Yard is used primarily for storage of 

materials and equipment. There are also several office buildings located 

throughout the Yard. 

According to Lawler, Matusky and Skelly Engineers (LMS), who performed a 

Phase II investigation at the Yard, most of the NYSDEC files pertaining to the 
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Yard concern the old wastewater treatment plant lagoon and the presence of 

polychlorinated biphenyl compounds (PCBs) within it. There is relatively little 

information about the environmental conditions of the remainder of the Yard. 

The Harmon Railroad Yard was first placed on the NYSDEC registry of 

Inactive Hazardous Waste Disposal Sites in 1985. At that time, the Yard was 

classified as 2A, a temporary classification assigned to sites with inadequate 

and/or insufficient data for inclusion in any other classification. In December 

1988, at the request of Metro-North, NYSDEC split the Harmon Railroad 

Yard into two sites. The old wastewater treatment plant was designated as one 

site and was reclassified as a 2. After reclassification, Hart Environmental 

Management Corporation, on behalf of Metro-North, initiated a Remedial 

Investigation/ Feasibility Study (RI/FS) project at the lagoon. ERM-Northeast 

subsequently prepared a remedial design for the lagoon, and the remedial 

action is currently underway. 

The remainder of the Yard was grouped into another site which, because of 

the lack of information about the Yard, retained its classification of 2A. In 

1988, LMS was subcontracted by NYSDEC to perform a Phase II 

investigation and prepare a Hazard Ranking System (HRS) score for the Yard. 

LMS released their report in 1989. The results of the LMS investigation are 

described more fully in Section 1.3.1. 

Based upon the data collected during the Phase II investigation, the Yard 

received an HRS score of 28.51, which indicated that.it did not pose a 

significant threat to human health. As a result of this score, and the fact that 

the environmental conditions at the Yard were related to the handling of 

petroleum NAPLs, the Yard was removed from the Inactive Hazardous Waste. 

Disposal Site registry in 1992. The Yard is now being managed by the Bureau 

of Spill Prevention and Response at NYSDEC. 
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1.2 REPORT ORGANIZATION 

This report has been organized into seven sections. The first section includes 

introductory information related to the Yard as well as a brief summary of the 

purpose and scope of the investigation. Also included here is a review of 

previous investigations conducted at the Yard, with a brief discussion of the 

objectives, scope, and results for each. Section 2.0 (Areas of Environmental 

Concern) describes each area of environmental concern (AEC) that was 

identified and studied during this investigation. 

Section 3.0 (NAPL Delineation) describes the NAPL delineation and 

characterization program. This section includes a description of the 

procedures and specific activities undertaken at each AEC to assess the 

presence of NAPL, and to delineate and characterize the NAPL, if detected. 

Section 4.0 (Soil Characterization) presents the soil characterization program, 

which includes the activities conducted to define any soil impacts associated 

with the NAPL detected at the Yard. 

The ground water investigation is discussed in Section 5.0 (Ground Water 

Characterization). This section describes the activities and procedures 

performed at each AEC to evaluate the ground water flow patterns and quality. 

These activities included well installation, regular measurement of water and 

NAPL levels, a tidal study, ground water sampling, and aquifer testing. 

Section 6.0 (Summary and Conclusions) summarizes the field investigation on 

an AEC-by-AEC basis, and presents an evaluation of areas where remediation 

will likely be required. A list of references cited in this report is presented in 

Section 7.0 (References Cited). 
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PREVIOUS INVESTIGATIONS 

A number of investigations have been conducted at various locations 

throughout Harmon Yard during the past several years. These investigations 

include: 

Phase II Investigation - Lawler, Matusky & Skelly, 1989. 

RCRA Investigations - Day Engineering, 1991 and American 
Environmental Technologies, 1992. 

Outdoor Storage Area Investigation (Harmon Shop Recovery Well) -
American Environmental Technologies/Land Tech Remedial, 1990. 

Croton Avenue Bridge Investigation - Mueser Rutledge Consulting 
Engineers, 1992-1993. 

Maintenance-of-Way Storage Building Investigation, 1989. 

Site Characterization at the Locomotive Fueling Pad - Metro-North, 
1985, and IEM/Sealand, 1994. 

The purposes of these investigations ranged from site characterization (related 

to construction activities) to evaluation of specific concerns regarding potential 

areas of impacts to soil and/or ground water. The results and conclusions 

from most of these investigations were used to identify areas of the Yard 

which required additional investigative work. Most of these investigations 

were summarized in ERM's 1993 Field Investigation/ Remediation Project 

Work Plan, and only a brief overview of them will be presented below. 

Please note that no discussion of the lagoon investigation is presented in this 

report. 

Lawler, Matusky & Skelly Phase II Investigation 

Lawler, Matusky & Skelly Engineers (LMS) was retained by NYSDEC in 

1988 to conduct a Phase II investigation at Harmon Yard. The main 

objectives of the investigation were to: 1) address specific concerns regarding 
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past and present wastewater disposal practices and fuel spills that were not 

completely documented in Metro-North records; 2) to identify the extent and 

components of single or multiple contaminant plumes that may have been 

migrating from the Yard; and 3) to provide additional information to be used 

in the preparation of the HRS score. The investigation consisted of several 

tasks, including a literature review, a site reconnaissance, and the field 

investigation. 

The site reconnaissance was performed in preparation for the field work and to 

inspect the Yard for "areas of concern". At this time, access points, rail 

crossing areas, a decontamination zone, and potable water sources were 

identified. The initial scope of work identified two areas for the Phase II 

investigation: a drum storage area west of the Electric Shop and the waste 

treatment area, including the lagoon. However, because of the separate 

investigation being performed at the lagoon, this area was removed from the 

LMS Phase II investigation and Osborne Pond was added in its place. 

The Phase II field investigation included a geophysical survey of the Yard, soil 

sampling, installation of five monitoring wells in the uppermost unconsolidated 

aquifer, ground water sampling, and slug testing. Sampling of sediment, 

surface water, wastewater, and surface soil was also conducted. 

The LMS investigation demonstrated the presence of organic compounds, 

indicative of gasoline, coal tars, fuel oils, and other petroleum NAPLs, in 

ground water and surface soils at the Yard. Organic contaminants found on-

site included benzene, toluene, ethylbenzene, and xylenes (BTEX) commonly 

associated with gasoline, polynuclear aromatic hydrocarbons (PAHs) and 

dibenzofuran commonly found in coal tars, as well as xylenes and higher chain 

hydrocarbons commonly associated with fuel oils and other petroleum NAPLs, 

such as asphalt. Metals were also found throughout the Yard. At the time of 

ground water sampling, non-aqueous phase liquid (NAPL) was discovered in 

two monitoring wells, GW-1 and GW-5, at thicknesses of 1.5 feet and 0.47 
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feet, respectively. The NAPL in GW-1 resembled fuel oil and the NAPL in 

GW-5 was reported as being similar to kerosene. 

Surface water and sediment samples collected from the old oil/water separator 

at the south end of the Yard contained volatile and semi-volatile organic 

compounds (VOCs and SVOCs, respectively). Evidence of oil was also found 

in these sediments. 

These data were used in conjunction with the results of the initial file and 

literature search to prepare an HRS score for the Yard. Based primarily on 

the ground water exposure route and the toxicity and persistence characteristics 

of the detected compounds, the HRS score for Harmon Yard was 28.51. 

RCRA Investigations 

In March 1992, American Environmental Technologies, Inc. (AET) 

implemented a soil sampling program at six areas within Harmon Yard where 

drums were then stored or had been stored in the past. Four of these areas 

had originally been described by Day Engineering in 1991. No record of any 

releases were found during the Day Engineering investigation, but discolored 

asphalt was noted at one location. 

AET installed one soil boring at several locations within each of the six areas. 

Two soil samples were collected for analysis from each boring. No VOCs, 

SVOCs, or pesticides were detected in any sample. Lead and mercury were 

detected at a few locations at concentrations near or above reported regional 

background levels (Dragun, 1988). A report summarizing this investigation 

was submitted to NYSDEC. No further action has been required at these 

areas. 

ERM-NORTHEAST 1-8 68000105.696\tm\tm 



Harmon Shop Recovery Well 

AET retained Land Tech Remedial, Inc. (LTR) to conduct a subsurface 

investigation at Harmon Yard in August 1990. The purpose of the 

investigation was to address the occurrence of subsurface NAPL in the vicinity 

of the outdoor storage area located immediately south of the Harmon 

Distribution Center Warehouse. Prior to initiation of the subsurface 

investigation, an underground storage tank (UST), adjacent to a concrete 

platform along the east side of the study area, had been removed by Metro-

North. The 1,000-gallon tank was formerly used to store fuel oil. 

Discoloration and an odor typical of fuel oil were observed in the annular soils 

at the time of the tank removal. Inspection of the tank and lines indicated no 

signs of corrosion or leakage. 

Metro-North officials surmised that a leak in a four-inch fuel supply line that 

ran north-south under this area may have been the source of the petroleum in 

the tank pit. The leak was discovered in the center of the storage area in 

November 1989. In response to the leak, AET uncovered the fuel oil line at 

the leak area, removed the NAPL with vacuum trucks, and excavated NAPL-

containing soils adjacent to the tank. After inspection of the excavated area by 

NYSDEC, the excavation was backfilled with clean fill. Following the 

primary leak response, the standing fuel oil in the supply line was removed 

and the ends of the line were capped. 

A preliminary investigation was conducted to evaluate the presence of NAPL 

in the subsurface. Two monitoring wells (MW-A, MW-B) were installed to 

the west of the tank excavation. Gauging data from these wells indicated that 

there was approximately four feet of NAPL in the subsurface. 

In August 1990, four additional monitoring wells (MW-1 through MW-4) were 

installed, to further delineate the NAPL, determine ground water and NAPL 

levels (and ultimately ground water flow direction), and to assess subsurface 
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conditions on both the east and west sides of the fuel supply line. Water level 

measurements in these wells were used to develop shallow ground water 

contours over the study area, which showed that ground water flow underlying 

the storage area is predominantly to the southeast, with a gradient of 

approximately 0.006 feet per foot (ft/ft). 

The boundaries of the floating NAPL layer could not be defined by the six 

existing wells, due to the presence of NAPL in all wells. The data indicated 

that the heaviest hydrocarbon accumulation was in the area of MW-A and 

MW-B, and that it may extend to the east-southeast, toward areas underlying 

the concrete platform and railroad tracks. Since the fuel supply line backfill 

materials are similar in grain size to the native formation, the permeability of 

the backfill was not thought by LTR have played a substantial role in plume 

migration. Furthermore, the absence of a pronounced ground water gradient, 

coupled with the low permeability of the subsurface sediments suggested to 

LTR that the NAPL plume, if it did result from a relatively low-volume, one

time line loss, had probably not migrated extensively from the study area. 

Six additional monitoring wells (MW-5 through MW-10) were installed within 

the storage area in late 1990 and early 1991. NAPL thicknesses in wells 

MW-1 through MW-10 ranged from zero inches (MW-10) to approximately 

4.5 feet (MW-2, MW-3, MW-4) (AET, 1991). A passive NAPL skimmer 

was also installed in well MW-3 in late January 1991. 

Between April and June 1991, a ground water and NAPL recovery system, 

infiltration gallery, and overflow relief area were installed, to address the 

NAPL plume in the outdoor storage area. This system included a 24-inch 

diameter recovery well, completed at a depth of 27 feet below grade. A large 

diameter NAPL skimmer was installed in this well. 

Recovered ground water was treated by air stripping and discharged to the 

wastewater treatment plant, under a SPDES permit approved by NYSDEC in 
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January 1992. The NAPL recovered in the skimmer was discharged to a 

separate tank for transport to a fuel blending facility. 

The 12 monitoring wells and one recovery well were monitored twice weekly 

between April 1991 and April 1992, then once per week between May 1992 

and March 1993. When NAPL was encountered, it was removed and added to 

the recovery tank. During the monitoring period, NAPL was detected in all 

twelve monitoring wells, although only occasionally in MW-7. NAPL 

thicknesses ranged from a few hundredths of a foot to a maximum of 4.09 

feet. AET also reported that NAPL thicknesses were reported by AET to have 

diminished since the recovery system has been in operation. 

1.3.4 Croton Point Avenue Bridge Investigation 

A geotechnical investigation was conducted in December 1992 and January 

1993 by Mueser Rutledge Consulting Engineers (MRCE), as part of the 

replacement of the Croton Point Avenue Bridge. The purpose of this 

investigation was to evaluate the subsurface soils and determine whether they 

were suitable for the construction of a replacement bridge. The investigation 

focused on the area immediately south of the existing bridge and consisted of 

installation of 28 shallow and deep test borings, collection of split-spoon and 

undisturbed soil samples, and installation of one wellpoint piezometer for 

monitoring ground water levels. 

MRCE conducted the subsurface boring program in two phases. Phase I 

consisted of drilling five borings, each four inches in diameter. Four borings 

were drilled to a depth of 127 feet below grade. The fifth boring was 

abandoned at five feet after penetrating a water line. Representative soil 

samples were collected with a two-inch diameter split-spoon. Samples 

obtained in the upper ten feet of two borings were reported to emit a 

petroleum odor. Ground water levels were obtained from an existing 

monitoring well, presumably part of the 12-well network around the outdoor 
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storage area (discussed in Section 1.3.3). One foot of NAPL, identified in the 

MRCE report as diesel fuel, was detected in this well. 

Phase II of the geotechnical investigation included installation of 22 additional 

borings. The boring depths ranged from 22 feet to 122 feet. Split-spoon 

samples were collected from the upper 20 feet of the Phase II borings to 

provide information on shallow soil density. Eleven undisturbed peat samples 

were also collected from these borings. A piezometer was installed to monitor 

ground water levels. 

The findings of MRCE's investigation indicated that the subsurface soils along 

the proposed bridge alignment consist of shallow granular fill, generally less 

than five feet thick, underlain by loose to medium compact "delta" sands that 

typically extend to a depth of five to 43 feet below grade. The "delta" sands 

were deposited where glacial streams entered glacial lakes. The delta sands 

are underlain by a thick deposit of medium, compact to very compact glacial 

lake sand that typically extends to a depth of 95 to 115 feet below grade. This 

sand is underlain by compact to very compact, interlayered glacial lake silts 

and sands that extend to a depth of greater than 125 feet below grade. The 

only organic materials encountered were located along the alignment for the 

west approach embankment. The top of that peat deposit, which is underlain 

by slightly organic sands, occurs at six feet below grade and extends to a 

depth of 18 to 29 feet below grade. 

Maintenance-of-Way Storage Building Investigation 

The current location of the Maintenance-of-Way Storage Building is the former 

location of an outdoor materials storage yard. In addition, Metro-North 

personnel indicated that there was once a waste oil storage tank in this area. 

This tank is described in Section 1.3.10.5. 
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In 1989, prior to construction of the foundation for the new storage building, 

Metro-North personnel collected soil samples for TPH analysis. As a result of 

the data and visual observations, Metro-North excavated approximately 225 

cubic yards of soil in March 1989. The soil was believed to be contaminated 

with diesel fuel and was transported to Model City for disposal. As a result of 

the limited records in Metro-North's files about the excavation, the 

Maintenance-of-Way Building was included as a area where further work 

would be done. 

Investigations at Locomotive Fueling Pad 

In December 1985, under the supervision of NYSDEC, soil was excavated 

from around the fuel pad in the southeastern portion of the Yard. This fuel 

pad is used for the refueling of locomotives. Prior to removal of the soil, six 

soil samples were collected in the vicinity of the fuel pad and were analyzed 

for EP Toxicity, ignitability, reactivity, corrosivity, and PCBs. The results of 

these analyses showed that the samples were not hazardous, and the soils were 

therefore disposed at a municipal landfill. 

Inc., from February through April 1994. This investigation included soil 

sampling, installation of 11 monitoring wells, ground water sampling, and 

product characterization. 

into ERM's well gauging and ground water sampling programs. Well 

locations are shown on Figure 1-2. The Locomotive Fueling Pad wells are 

denoted by the "SMW-" prefix, to avoid confusion with the wells in the 

Recovery Well Area. 
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NAPL has consistently been detected in several of the Locomotive Fueling Pad 

wells. Fingerprinting of a NAPL sample collected from a well yielded a 

chromatograph similar to one obtained from a No. 2 fuel oil laboratory 

standard and to a sample of the diesel fuel currently used in the locomotives. 

Analytical results from soil and ground water samples indicated that the fueling 

pad area has been impacted by VOCs and SVOCs. Metals were detected at 

generally low concentrations. The source of the VOCs and SVOCs is inferred 

to be fuel oil. Soil and ground water samples were also collected by ERM in 

this area. These results are similar to those obtained by IEM/Sealand, Inc., 

and are discussed in Sections 4.0 and 5.0, respectively. 

1.3.7 Investigation at Fuel Supply Line 

In September 1987, during installation of a fire protection water line, a fuel 

supply line was ruptured. This line was located on the west side of the fuel 

pump house and extended westward through the area now known as the Tie 

Storage Area (Figure 1-2). Approximately 5,000 to 6,000 gallons of diesel 

fuel were spilled. The spill was reported to NYSDEC (spill number 87-4890). 

In March 1988, after most of the remediation had been completed, two 

monitoring wells were installed adjacent to the ruptured line. One water 

sample was collected from each well and was analyzed for organics. Low 

concentrations of benzene, ethylbenzene, hexachlorobutadiene, toluene, and 

xylenes were detected in the well closest to the supply line. These wells were 

subsequently removed from the area during the construction of the Tie Storage 

Area. 

:? - # 

1.3.8 Underground Storage Tank Located Near Platform Extension 

In April 1993, when footings for an extension to the existing station platform 

were being constructed, Metro-North personnel identified an UST between 

Tracks 2 and 4. The contents of the tank were tested, and the test results 
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indicated that the tank was filled with water containing traces of oil. The 

contents of the tank were pumped out and discharged to the WWTP.' The 

inside of the tank was inspected for sludge. Since a portion of the tank was 

located under Track 4, NYSDEC approved closure place by filling with 

concrete. 

Soil excavated from the platform footings was analyzed for TPH and New 

York State Table 2 TCLP Constituents. The concentrations of four organics 

exceeded their TCLP regulatory levels by a minor amount. As a result of 

these data, some of the soils were removed from the Yard. However, in light 

of the minor exceedances of the TCLP regulatory levels, the fact that the tank 

contents were primarily water, and that no free NAPL was observed, no 

further investigative effort was performed in this area. 

Sample Collection During Installation of New Oil-Water Separator 

As part of the WWTP Improvement Program, a new oil/water separator was 

installed at the south end of the T&E parking lot (Figure 1-2). 

Prior to any excavation work 

in the Yard, soils are routinely~tested by Metro-North to determine disposal 

options. Samples were therefore collected from eight borings in the proposed 

location of the new separator. A total of eight samples were analyzed for 

PCBs and TCLP constituents. No PCBs were detected in any of the samples. 

Low concentrations of six organics were found in four samples and lead was 

detected in three samples. As a result of these data, the excavated soils were 

disposed at an industrial waste landfill. 

During construction of the new oil-water separator, NAPL was discovered. 

Additional investigative work was therefore performed in this area, as part of 

the Locomotive Fueling Pad and Maintenance-of-Way Building areas of 

concern. 
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1.3.10 AET1994 Investigation 

In November 1993, Metro-North was informed by an individual who had been 

employed by a predecessor railroad that there may have been several areas of 

the Yard where predecessor railroads had historically disposed of materials. 

In order to evaluate this information, historic aerial photographs of the Yard 

were examined and former employees of the predecessor railroads were 

interviewed about historic disposal practices. 

Seven areas of potential environmental concern were identified by the former 

employees. These areas, shown on Figures 1-3 and 1-4, include areas where 

the former employees recollect that disposal of materials took place. For 

purposes of this report, these areas will be referred to as follows: the Caustic 

Wash Pit, Caustic Wash Dump Pit, Caustic Wash Dump, Ash Pits, two 

aboveground waste oil tanks, and Anderson's Dump. Sample locations were 

identified so that soil data could be collected to characterize these areas. The 

samples were collected by AET in January 1994. A description of each area, 

as well as sample locations and results, are discussed in the sections that 

follow. A summary of analytical results for all of these areas is provided in 

Table 1-1. e 
* 

1.3.10.1 Caustic Wash Pit 

According to the former employees, the Caustic Wash Pit was located north of 

the Electric Shop (Figure 1-3), and was approximately ten feet by fifteen feet 

in size. Boilers from steam locomotives and other mechanical and electrical 

equipment were partially submerged in the caustic solution within the pit for 

cleaning. The spent solution was neutralized and drummed for discharge to 

the Caustic Wash Dump Pit (see Section 1.3.10.2). 

One soil boring was installed in the center of the former Caustic Wash Pit. A 

soil sample was collected from two horizons, five to seven feet below grade 
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TABLE 1-1 
COMPOUNDS DETECTED IN SAMPLES COLLECTED DURING THE AET 1994 INVESTIGATION 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 1 of 2 

AREA OF CONCERN Caustic Wash Pit Caustic Wash Dump Pit Caustic Wash Dump Ash Pits 
LOCATION B-l B-2 B-l B-2 

Ash Pits 

DEPTH 5-7 | WT 2-4' WT 2-4' WT 2-4' 2-V 0-2' 

Volatile Organics, in ug/kg 
Toluene NA NA NA NA NA NA NA NA NA 
Total Xylenes NA NA NA NA NA NA NA NA NA 

Seml-Volatiles, in ug/kg 
Naphthalene U U U U 1,070 U U U U 
2-MethyInaphthalene U U U U 7,000 U U U 18,300 
Dimethylphthalate U U U U U U U U U 
Acenaphthylene U U U U NR NR U U U 
Acenaphthene U U U U U U U U 3,670 
Dibenzofuran U U U U U U U U U 
Fluorene U U U U U U U U 7,000 
Anthracene U U U U 1,200 U U U 1,400 
Phenanthrene U U U U U U U U 17,000 
Di-n-butylphthalate U U 370 U U 500 U U U 
Fluoranthene U U U U U U U U 2,130 

Pyrene U U U U 430 U U U 3,700 

Benzo(a)anthracene U U U U U U U U 630 

Chrysene U U U U 500 U U U 930 
bis(2-Ethylhexyl)phthalate 670 570 670 400 U 900 U U 3,700 
Benzo(b)fluoranthene U U U U U U U U 1,030 
Benzo(k)fluoranthene U U U U U U U U 400 

Benzo(a)pyrene U U U U U U U U U 

Indeno(l,2,3-cd)pyrene U U U U U U U U U 

Metals, in mg/kg 
Barium NA NA NA NA 26 U NA NA 24 

Chromium NA NA NA NA 27 21 NA NA 30 

Lead NA NA NA NA U U NA NA 69 

Cadmium NA NA NA NA 1 1 NA NA 2 

Silver NA NA NA NA U U NA NA U 

Arsenic NA NA NA NA 0.6 U NA NA 2.2 

NOTES: ug/kg: Micrograms per kilogram mg/kg: Milligrams per kilogram 

Depth is feet below grade. U: Undetected. 

WT: sample collected just above water table. NR: Not reported 

NA: Not analyzed. 



TABLE 1-1 
COMPOUNDS DETECTED IN SAMPLES COLLECTED DURING THE AET 1994 INVESTIGATION 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 2 of 2 

AREA OF CONCERN Ash Pits Waste Oil Tank Waste Oil Tank Anderson's Dump 
LOCATION 

Ash Pits 
North End of Yard Maintenance-of-Way Building 

Anderson's Dump 

DEPTH WT 2-4' WT 2-4' WT Trench #1 Trench #2 

Volatile Organ!cs, In ug/kg 
Toluene NA NA NA NA NA U U 5 8 
Total Xylenes NA NA NA NA NA U U 10 15 

Semi-Volatiles, In ug/kg 
Naphthalene U U U U U U 340 8,380 U 
2-Methylnaphthalene U U U U U U 340 6,460 U 
Dimethylphthalate U U U U U U U U 1,140 
Acenaphthylene U NR U U U U 560 4,310 440 
Acenaphthene U U U U U U U 1,820 U 
Dibenzofuran U U U U U U U 3^60 U 
Fluorene U 400 U U U 390 350 6,220 680 
Anthracene U U U U U 1,500 1,030 10,700 1,400 
Fhenanthrene U 4,830 U U U 3,170 1,610 24,200 3,770 
Di-n-butylphthalate 600 U U U U U U U U 
Fluoranthene U 3,300 U U U 2,340 3,100 28,500 3,320 
Pyrene U 5,500 U U U 3,990 5,350 45,700 4,930 
Benzo(a)anthracene U 1,670 U U U 1,200 1,700 16,500 1,720 
Chrysene U 2,400 U U U 1,740 2,720 19,100 U2630 
bis(2-Euiylhexyl)phthalate 1,270 630 330 U U U U U U 
Benzo(b)iluoranthene U 2,700 U U U 1,210 4,100 23,800 4,000 
Benzo(k)fluoranthene U 1,030 U U U 350 1,400 10,400 2,050 
Benzo(a)pyrene U 630 U U u 820 340 16,500 2,700 
]hdeno(l ,2,3-cd)pyrene U U U U u U 690 3,280 330 

Metals, in mg/kg 
Barium 23 U U NA NA 101 54 48 47 

Chromium 25 29 29 NA NA 74 74 53 65 

Lead U 27 U NA NA 987 225 91.3 115 

Cadmium 2 3 2 NA NA 2.04 3.00 3.03 2.04 

Silver U U U NA NA 4.2 U U U 

Arsenic 0.6 0.9 U NA NA U U U U 

NOTES: ug/kg: Micrograms per kilogram. mg/kg: Milligrams per kilogram. 

Depth is feet below grade. U: Undetected. 

WT: sample collected just above water table. NR: Not reported. 

NA: Not analyzed. 



and immediately above the water table. Each sample was analyzed for 

semi-volatile organic compounds (SVOCs) and PCBs. Of the SVOCs, only 

bis(2-ethylhexyl) phthalate was detected, at concentrations of 670 micrograms 

per kilogram (ug/kg) and 570 ug/kg, respectively. No PCBs were detected in 

either sample. Based on the data collected, this area does not require any 

further investigation. \ 

1.3.10.2 Caustic Wash Dump Pits 

According to the former employees, the spent caustic wash solution from the 

Caustic Wash Pit was disposed within sand-filled pits in this area, located 

north of the Croton Point Avenue Bridge (Figure 1-3). The pits, which were 

approximately 100 feet wide, were located on the western side of a track that 

ran to the Yard's roundhouse. This track has since been removed, and this 

area is now a parking lot for Metro-North employees. The sand was 

reportedly removed from the pits and disposed in the Caustic Wash Dump at 

the north end of the Yard (see Section 1.3.10.3). 

Two soil borings were installed within the area of the sand pits, and two soil 

samples were analyzed from each boring, one from two to four feet below 

grade and one from just above the water table. Each sample was analyzed for 

SVOCs and PCBs. The samples from the northernmost boring (B-2) were also 

analyzed for metals. 

No PCBs were detected in any of the four samples. Two SVOCs were 

detected in B-l. Bis(2-ethylhexyl) phthalate was detected at both horizons, at 

670 ug/kg in the shallow sample and 400 ug/kg in the deeper sample. The 

shallow sample also contained di-n-butyl phthalate, at a concentration of 370 

ug/kg. 

The shallow sample from boring B-2 contained five SVOCs that are typical of 

petroleum, at a total concentration of 10,200 ug/kg. Barium (26 milligrams 
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per kilogram (mg/kg)), chromium (27 mg/kg), cadmium (1 mg/kg), and 

arsenic (0.6 mg/kg) were also detected in this sample. The deeper sample 

from this boring contained two SVOCs, with a total concentration of 1,400 

ug/kg. Of the metals, only chromium (27 mg/kg) and cadmium (1 mg/kg) 

were detected in the deeper sample. Although some impact was noted on the 

soils in this area, it is consistent with petroleum products. Based on the data 

collected, this area does not require any further investigation. 

1.3.10.3 Caustic Wash Dump 

The sand from the Caustic Dump Pits was reportedly removed and disposed in 

this area (Figure 1-3). Two soil borings were installed to investigate this area, 

with a soil sample collected at two to four feet below grade in each. The 

samples were analyzed for SVOCs and PCBs, none of which were detected in 

either sample. Based on the data collected, no further investigation is required 

in this area. 

1.3.10.4 Ash Pits 

According to the former employees, coal ash that was removed from the 

fireboxes of steam locomotives was disposed in pits in this area, shown on 

Figure 1-3. The pits were located on the eastern side of the track that ran to 

the Yard's roundhouse. Two soil samples were collected from a boring 

installed within this area. The sampled horizons were zero to two feet below 

grade and just above the water table. Each sample was analyzed for SVOCs 

and metals. In addition, the surface sample was analyzed for PCBs, as this 

area may have been used to stage equipment related to the removal of PCBs 

from the wastewater treatment plant lagoon. 

No PCBs were detected. Total SVOCs were 59,890 ug/kg in the surface 

sample and 1,870 ug/kg in the deeper sample. Metals detected in the surface 

sample were chromium (30 mg/kg), lead (69 mg/kg), cadmium (2 mg/kg), and 
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arsenic (2.2 mg/kg). Chromium (25 mg/kg), cadmium (2 mg/kg), and arsenic 

(0.6 mg/kg) were also detected in the deeper sample. These compounds are 

consistent with the fact that coal ash was placed in this area. The fact that the 

concentrations in the shallow sample are an order of magnitude greater than 

those in the deeper sample verifies that there has been little to no migration of 

the SVOCs from the ash to the soils. Based on these data, no further 

investigation is required in this area. 

1.3.10.5 Aboveground Waste Oil Tanks 

The former employees identified two former aboveground waste oil tanks at 

the Yard. The first, shown on Figure 1-3, was located at the north end of the 

Yard, northeast of monitoring well LMS-GWl. It reportedly had a capacity of 

5,000 gallons. Two soil samples were collected from two to four feet below 

grade and from just above the water table in one boring installed in this area. 

Each sample was analyzed for SVOCs, and none were detected. 

The second tank, shown on Figure 1-4, was located east of the Maintenance-

of-Way Building. Its volume is unknown. One boring was installed in this 

area, with soil samples collected for SVOC and metals analysis from two to 

four feet below grade and just above the water table. Total SVOCs were 

23,090 ug/kg in the upper sample, but were 330 ug/kg in the deeper sample. 

Chromium (29 mg/kg), lead (27 mg/kg), cadmium (3 mg/kg), and arsenic (0.9 

mg/kg) were detected in the shallow sample, while only chromium (29 mg/kg) 

and cadmium (3 mg/kg) were found in the deeper sample. The compounds 

found are consistent with petroleum products and the decrease in concentration 

with depth verifies that only the shallow soils were impacted by the tank. 

Based on the collected data, this area requires no further investigation. 
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1.3.10.6 Anderson's Dump 

According to the former employees, this area is located at the southern end of 

the Yard (Figure 1-4), and may have extended as far north as the Croton Point 

Avenue Bridge. It was reportedly the location where used railroad ties and 

ballast, as well as other miscellaneous trash (e.g., material that collected at 

storm sewer inlets) were deposited. After placement, the material was graded 

by bulldozer. This area is currently used by the Metro-North Police for 

training of dogs. 

In order to evaluate the nature of material allegedly placed in this area, two 

trenches were excavated, one to the south of the dog training area (Trench #1) 

and one to the north of the dog training area (Trench #2). Two soil samples 

were collected from each trench. Each sample was analyzed for volatile 

organic compounds (VOCs), SVOCs, PCBs, and metals. 

No VOCs or PCBs were detected in the samples from Trench #1. Total 

SVOCs ranged from 16,710 ug/kg to 23,630 ug/kg. The source of the SVOCs 

is probably petroleum that accumulated in the sediments within the storm 

sewers and possibly coal ash. The metals detected included barium (54 mg/kg 

to 101 mg/kg), chromium (74 mg/kg in each sample), lead (225 mg/kg to 987 

mg/kg), cadmium (2.04 mg/kg to 3.00 mg/kg), and silver (undetected to 4.2 

mg/kg). 

The samples from Trench #2 also did not contain PCBs. Toluene (5 to 8 

ug/kg) and xylenes (10 to 15 ug/kg) were detected in this trench, as were 

SVOCs (total SVOC concentrations ranged from 29,110 ug/kg to 229,230 

ug/kg). Although the SVOC concentrations in this trench are higher than 

those in Trench #1, the sources are probably similar. Barium (47 mg/kg to 48 

mg/kg), chromium (53 mg/kg to 65 mg/kg), lead (91.3 mg/kg to 115 mg/kg), 

and cadmium (2.04 mg/kg to 3.03 mg/kg) were also detected in Trench #2. 
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PURPOSE AND SCOPE OF HARMON YARD FIELD INVESTIGATION 

Based upon the background information and discussions with Metro-North, 

NAPL has been confirmed in several areas of the Yard and was suspected to 

be present in several other areas. Given the size of the Yard and the spatial 

distribution of the potential source areas, a logical manner in which to focus 

the field investigative efforts was on the known or suspected occurrences of 

NAPL in the Yard. Therefore, ERM developed an investigative scope of 

work that was initially directed towards delineating the lateral extent and 

composition of NAPL in each of these areas. Once the composition and extent 

of NAPL was determined and discrete areas of NAPL were identified, the 

soils in contact with the NAPL were characterized. The characterization 

included an approximation of the volume of soils impacted as well as the 

chemical quality of these soils. The last task of the investigation focused on 

characterizing the quality of ground water at the Yard, both in areas where 

NAPL was found and in background areas. Ultimately, 12 areas of known or 

suspected NAPL, plus background, were examined as part of this 

investigation. 

The Field Investigation/Remedial Project at the Yard was comprised of eight 

major tasks. The first six tasks were part of the field investigation and include 

the following: 

1) Update of Yard Map; 
2) NAPL Delineation and Characterization; 
3) Soil Characterization; 
4) Ground Water Characterization; 
5) Aquifer Testing; and 
6) Field Investigation Report Preparation. 

In the process of completion of this Field Investigation Report, preliminary 

remedial technologies were identified. If necessary, the next major task of the 

project will be the performance of bench scale or pilot scale tests for 

technologies deemed appropriate for the Yard. The last major task will be the 
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preparation of a Cleanup Plan for the Yard. The plan will include the results 

of the pilot tests and will describe the proposed remedial approach. The Plan 

will also present the costs associated with the remedy, the manner in which the 

remedy will be implemented, and an implementation schedule. NYSDEC 

approval of the Cleanup Plan will be obtained prior to the design and 

implementation of the selected remedy. 
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2.0 AREAS OF ENVIRONMENTAL CONCERN 

Based upon a review of the available background documents and discussions 

with Metro-North, a number of locations at the Yard have been identified as 

areas where NAPL is known or suspected. In the context of this investigation, 

NAPLs are petroleum hydrocarbons with a specific gravity less than that of 

water. As a result of the low specific gravity, NAPL will accumulate on the 

surface of the water table, when sufficient quantities are present. Based upon 

activities currently performed at the Yard, the NAPL is expected to be either 

No. 2 or No. 4 fuel oil. These areas of known or suspected NAPL are 

described below and were the focus of the investigative activities presented in 

the remainder of this report. 

2.1 MONITORING WELL LMS-GW1 

LMS installed five wells during their Phase II investigation. Well GW-1 was 

located in the northern portion of the Yard and was originally installed to be 

an upgradient well. However, NAPL was detected in LMS-GW1 during the 

course of the LMS investigation. The NAPL, which reportedly resembled fuel 

oil, was measured at thicknesses of up to 1.5 feet. Discussions with Metro-

North suggested no apparent source for the NAPL in this well. Therefore, 

additional investigative work was conducted in this area, to determine the 

source of the NAPL and its extent. Due to uncertainties about its 

construction, LMS-GW1 was abandoned and replaced, by well ERM-21, as 

part of this investigation. 

2.2 ELECTRIC SHOP AND SEWER LINE 

In the past, train car and locomotive maintenance and cleaning occurred in the 

electric shop. This work was done over drop pits located within the shop. 

While the pits are constructed of concrete and equipped with floor drains, the 

integrity of the underground floor drains is not known. Therefore, any 
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material deposited in the pits may have impacted the soils and ground water in 

the vicinity of the shop. The floor drains are connected to a sewer line that 

runs to the WWTP. These areas were examined as part of this investigation. 

DISTRIBUTION CENTER WAREHOUSE 

Two underground storage tanks were located in the vicinity of the Distribution 

Center Warehouse. One tank contained diesel fuel and the other contained 

gasoline. After the tanks were removed, four monitoring wells were installed 

to determine whether any NAPL remained in the ground. Conversations with 

Metro-North indicated that NAPL may have been detected in these wells. 

Because the wells were removed when the Distribution Center Warehouse was 

built, it is not possible to evaluate the current conditions in this area. 

Additional work was conducted to determine whether or not NAPL is still 

present in this area. 

RECOVERY WELL AREA 

As a result of a possible former leak in a fuel supply line in the vicinity of the 

Distribution Center Warehouse, a ground water and NAPL recovery system 

was installed in this area. The system consisted of 12 monitoring wells, one 

recovery well, and a NAPL skimmer. However, construction activities in this 

area have recently destroyed several of the monitoring wells. 

Based upon available monitoring data, NAPL was historically detected in each 

of the 12 monitoring wells. Additional investigative work was conducted in 

this area to completely delineate the extent of NAPL in the subsurface and to 

determine whether there is a connection between this area and the fueling pad 

area just to the south. 
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CROTON POINT AVENUE BRIDGE 

Mueser Rutledge Consulting Engineers (MRCE) conducted a geotechnical 

investigation at the Croton Point Avenue Bridge in January 1993 (MRCE, 

1993). The purpose of the geotechnical investigation was to evaluate the soils 

at the base of the bridge for construction of a replacement bridge. During the 

investigation, MRCE encountered stained soils at two boring locations and 

reported that the soils emitted a petroleum odor. Additional investigation was 

therefore performed in this area. 

MAINTENANCE-OF-WAY STORAGE BUILDING 

LOCOMOTIVE FUELING PAD 

The Locomotive Fueling Pad is located in the southeastern portion of the 

Yard, between the Former Million Gallon Tank and Osborne Pond. This area 

consists of pumps and a platform for fueling locomotives, a fuel pump house, 

and a fuel supply line for fuel delivery operations. This line runs through the 

tie storage area (see Figure 1-2). The pipe that originally ran from the pump 

house to the Electric Shop is suspected to have been the source of the NAPL 

found in the Recovery Well Area, as described in Section 2.4. 
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There were originally two 200,000-gallon tanks and one 40,000-gallon tank at 

this location (Figure 1-2). The southern 200,000-gallon tank and the 40,000-

gallon tank were removed in 1990. The remaining 200,000-gallon tank was 

rehabilitated and currently conforms to bulk storage tank regulations. It 

formerly supplied fuel oil to the Electric Shop, and is currently used for diesel 

fuel storage. 

Information provided by Metro-North suggested that NAPL may have been 

present in the vicinity of the fueling pad. The presence of NAPL in the 

excavation for the new oil/water separator confirmed that there was NAPL in 

at least a portion of the area. Investigation in the fueling pad area was 

performed by lEM/Sealand, Inc., as part of the redesign of the fueling pad. A 

summary of their work is presented in Section 1.3.6. 

FORMER MILLION GALLON TANK 

This tank, located in what is now a storage yard, was used to store diesel fuel. 

It was constructed of steel and rested directly on the ground within an earthen 

berm. The tank was removed in 1989. Although there are no records of leaks 

or spills in this area, it is possible that they occurred. Therefore, this area 

was designated as an area for further investigation. 

OSBORNE POND 

This area was identified by LMS and Metro-North as an area of possible 

concern. It is located on the southeastern side of the Yard and is a low area 

formed by a natural depression between the mainline and yard tracks. 

Osborne Pond floods after a heavy rain or during prolonged periods of rain, as 

the result of poor drainage. 

The surface of the area is heavily stained. LMS speculated that the staining 

resulted from spillage at the locomotive refueling area, located 100 feet to the 
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west (see Figure 1-2). NAPL was also historically detected in well 

LMS-GW5, which was located west of Osborne Pond and south of the fueling 

pad. The source of any petroleum in Osborne Pond is likely to be runoff or 

direct spillage from the fueling area, as no storage tanks were ever located in 

Osborne Pond. 

2.10 MONITORING WELL LMS-GW5 

Monitoring well LMS-GW5 was located immediately west of the southern end 

of Osborne Pond. NAPL reportedly resembling kerosene was detected in this 

well by LMS. Additional investigation was therefore performed in this area. 

As part of this investigation, LMS-GW5 was abandoned, due to uncertainties 

about its construction. It was replaced by well ERM-20. 

2.11 OLD OIL/WATER SEPARATOR 

According to the LMS report, the water and the sediments within the concrete 

oil/water separator tank located in the far southern portion of the Yard 

contained VOCs, SVOCs, and several inorganics. In addition, there was 

visual evidence of oil in the sediments within the separator tank. It is 

therefore possible that the contents of the separator may have impacted the 

soils in the vicinity. Consequently, additional investigative work was done in 

this area. All material in the separator tank was subsequently removed by a 

Metro-North contractor, and the separator body has been filled. 

2.12 OUTFALL 

Adjacent to the former oil/water separator tank is a 54-inch diameter outfall 

pipe that discharges treated water from the WWTP to outfall 002. A sheen 

has regularly been observed at the outfall. The source of the sheen has not 

been definitively determined. 
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NAPL DELINEATION 

PURPOSE 

The purpose of this task was to confirm the presence of NAPL at each of the 

12 AECs and, if found, to delineate its extent. This task was accomplished by 

the installation and gauging of a series of temporary well casings at pre

determined locations in each area. Additional temporary wells were installed, 

as necessary, until the extent of NAPL in each area was fully delineated. 

SOIL SAMPLING AND TEMPORARY WELL INSTALLATION 

The available background information was reviewed and the size of each AEC 

was evaluated. Initially, two to seven temporary well casings were located in 

each area. Ultimately, a total of 39 temporary wells were installed, with two 

to nine temporary well casings in each area. A summary of the number of 

temporary wells installed in each AEC is provided in Table 3-1. Temporary 

well locations are shown on Figure 3-1 (in map pocket). Logs for the 

temporary wells are included in Appendix A. 

Upon completion of this task, a total of 25 permanent monitoring wells were 

installed by ERM at locations across the Yard. The permanent well network is 

described in Section 5.0. Note that no temporary wells or additional 

permanent wells were installed at the Locomotive Fueling Pad, as this area had 

been investigated by IEM/Sealand. 

The majority of the temporary wells were installed using the hollow stem 

auger (HSA) drilling method. Soil samples were collected continuously from 

grade to the water table, using decontaminated two-inch split spoons, driven in 

accordance with the ASTM Penetration Test and Split-Barrel Sampling of Soils 

(ASTM D-1586-67). Decontamination of the split spoons involved either an 
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TABLE 3-1 
SUMMARY OF TEMPORARY WELLS INSTALLED 

METRO-NORTH HARMON YARD 

AREA OF 
ENVIRONMENTAL 

CONCERN 
INITIAL 
WELLS 

ADDITIONAL 
WELLS 

TOTAL 

LMS-GW1 2 0 2 
Electric Shop 3 0 3 

Distribution Center 4 0 4 
Recovery Well Area 2 1 3 

Croton Point 
Avenue Bridge 3 0 3 
Maintenance 

of Way Building 2 0 2 
Locomotive Fueling Pad 0 0 0 

Former Million Gallon Tank 2 0 2 
Osborne Pond 5 ' 3 8 

LMS-GW5 2 1 3 
Old Oil/Water 

Separator 2 0 2 
Outfall 7 0 7 

TOTAL 34 5 39 



Alconox and water solution wash followed by tap water rinse, or steam 

cleaning. 

Upon retrieval and opening of each split spoon, total VOCs were measured 

using a organic vapor analyzer equipped with a photoionization detector (PID). 

The sample was then described, and a representative portion was collected in a 

jar, which was immediately covered with aluminum foil and capped, for later 

headspace analysis. 

Due to the nature of the material underlying the road at the south end of the 

Yard, three test pits were installed to investigate the outfall pipe area. These 

test pits were excavated to the water table, using a backhoe. The test pit 

stratigraphy was described, and a sample of each separate lithologic unit was 

collected, as above, for later headspace analysis. A stratigraphic description 

for each test pit is included in Appendix A. The backhoe bucket was 

decontaminated before each test pit using high pressure steam. The 

decontamination fluids were discharged to the WWTP. 

The headspace was measured for each jarred sample, using a PID. After the 

jar's cover had been removed, the PID probe was inserted through the 

aluminum foil covering the jar. The total VOC concentration of the headspace 

was recorded in the field notebook, after the equilibration of the PID reading. 

The worst-case sample from each boring or test pit, based on sensory and 

headspace analysis, was analyzed in the field for fuel components using the 

HNu-Hanby field test kit. If there was no obvious worst-case sample, then the 

soil sample collected directly above the water table from that boring or test pit 

was analyzed. The procedures and results of the HNu-Hanby analyses are 

presented in Section 4.3.1. 

After soil sampling had been completed, a temporary well was installed in 

each boring or test pit. Each temporary well was constructed using 10 feet of 

two-inch diameter screen and enough two-inch diameter riser pipe so that the 
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screen straddled the water table. With the exception of the wells installed in 

two of the test pits, which were steel, all wells were constructed of"WC 

screen and riser pipe. A sufficient amount of the annular space surrounding 

the casing was backfilled with drill cuttings to ensure that the casing was stable 

in the borehole. In each case, this point was above the water table. The three 

test pits were completely backfilled with the excavated material. 

Drilling equipment was decontaminated using high pressure steam before its 

initial use on-site and between borings. Decontamination rinse water was 

discharged to the WWTP. 

The casings were left in place for a minimum of 24 hours. This time period 

was established based on an equilibration test performed on a temporary well 

installed adjacent to a permanent monitoring well within the Recovery Well 

Area. A detailed discussion of this test is provided in Section 3.3. 

After 24 hours of equilibration, the depth to NAPL, if present, and depth to 

water were measured in each temporary well, using an optical interface probe. 

Depths were measured to the nearest 0.01 foot from a mark at the top of the 

well casing. The values and the time of each measurement were recorded in a 

bound field notebook. Measuring equipment was decontaminated between 

wells using an Alconox and water solution, followed by a tap water rinse. 

In areas where the NAPL thickness exceeded six inches, another set of 

temporary well casings was installed at a distance of 50 to 100 feet radiating 

outward from the first set. The appropriate distance was selected based upon 

the thickness of the NAPL in the first set of wells, accessibility, and field 

judgement. At any location where a temporary well casing was 100 feet or 

more from the previous set of wells, continuous split spoon samples were 

collected for detailed lithologic logging and TPH analysis. After equilibration, 

water and NAPL level measurements were obtained from each subsequent set 
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of temporary well casings. The results of the delineation program are 

described in Section 3.4. 

After the presence of NAPL was determined, and its extent was delineated, if 

necessary, the temporary well casings were removed and the remainder of the 

borehole was backfilled with drill cuttings. If insufficient cuttings were 

available, then the remainder of the borehole was filled with bentonite pellets, 

which were then hydrated. The abandoned borings were each later checked to 

ensure that no settling had occurred. If necessary, additional bentonite was 

added. This practice is in accordance with NYSDEC Technical and 

Administrative Guidance Memorandum (TAGM) 4032 regarding the disposal 

of drill cuttings. 

EQUILIBRATION TEST 

In order to ensure that representative NAPL thickness data were obtained from 

the temporary wells, it was necessary to determine the appropriate length of 

time required for the NAPL in the temporary wells to reach equilibrium with 

the surrounding formation. The equilibration time was established by 

monitoring a temporary well (EQ-B1), which was installed adjacent to an 

existing permanent monitoring well (MW-5), within the Recovery Well Area. 

The depth to NAPL and depth to water in EQ-B1 and MW-5 were measured 

regularly. These measurements are shown on Table 3.-2. The results of this 

test showed that the NAPL thickness in the temporary well was 80% of that in 

the permanent well after 24 hours. It was therefore determined that the 

temporary wells should remain in the ground for a minimum of 24 hours 

before gauging. 
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TABLE 3-2 
NAPL THICKNESS MEASUREMENTS IN MW-5 AND EQ-Bl 

RECOVERY WELL AREA 
METRO NORTH HARMON YARD 

CROTON-ON-HUDSON, NEW YORK 

DATE TIME 
MW-5 
NAPL 

THICKNESS 
(feet) 

EQ-Bl 
NAPL 

THICKNESS 
(feet) 

3/22/94 3:03 PM 1.47 0.00 
3/22/94 3:50 PM 1.43 0.00 
3/23/94 7:25 AM 1.43 1.01 
3/23/94 10:25 AM 1.40 1.06 
3/23/94 11:35 AM 1.37 0.98 
3/23/94 3:04 PM 1.38 1.13 



DELINEATION OF NAPL 

A total of 39 temporary wells were installed as part of the NAPL delineation 

program. Their locations are shown on Figure 3-1. A summary of the 

number of temporary wells installed in each AEC is provided in Table 3-1. 

The initial round of temporary wells was sufficient to demonstrate the absence 

of NAPL or to delineate the extent of NAPL in each of the AECs with the 

exception of the Recovery Well Area and Osborne Pond. One additional well 

(RW-B102) was installed to delineate the NAPL to the south of the Recovery 

Well Area. It was installed at the current location of permanent well ERM-6, 

and did not contain NAPL. Three additional temporary wells (OP-B7, OP-B8, 

OP-B9) were installed in Osborne Pond. No NAPL was ever detected in any 

of them. 

One additional temporary well (LMS-GW5-B3) was installed south of 

LMS-GW5, based on information received from Metro-North that suggested 

NAPL may have been present around the new oil/water separator in this area. 

As described above, the temporary wells were allowed to equilibrate for a 

minimum of 24 hours, then were gauged for floating NAPL, using an optical 

interface probe. NAPL thickness data from the temporary wells are 

summarized in Table 3-3. Generally, only one or two rounds of data were 

collected from the temporary wells. If NAPL was found, a permanent well 

was installed and monitoring continued in the permanent well. 

A total of 25 permanent monitoring wells were installed across the yard as part 

of this investigation. Well locations are shown on Figure 1-2. As part of the 

NAPL delineation task, the permanent wells at the Yard, including the 25 

newly installed ones and the previously existing wells at the Locomotive 

Fueling Pad and Recovery Well Area, were regularly monitored between April 

1994 and January 1995. The depth to NAPL, depth to water, and NAPL 
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TABLE 3-3 
NAPL THICKNESS MEASUREMENTS IN TEMPORARY MONITORING WELLS 

METRO-NORTH HARMON YARD 

AREA OF 
CONCERN 

TEMPORARY 
WELL 

NAPL THICKNESS (feet) AREA OF 
CONCERN 

TEMPORARY 
WELL Rou 

Date 
n d l 

Thickness 
Rou 

Date 
nd2 

Thickness 
Rom 

Date 
ad 3 

Thickness 
LMS-GW1 LMS-GW1-B1 3/24/94 0.00 3/25/94 0.00 LMS-GW1 

LMS-GW1-B2 3/24/94 0.00 3/25/94 0.00 
Electric Shop ES-B1 4/1/94 0.00 Electric Shop 

ES-B2 4/1/94 0.00 

Electric Shop 

ES-B3 4/11/94 0.00 

Distribution 

Center 

DC-B1 3/30/94 0.00 4/1/94 0.00 Distribution 

Center DC-B2 3/25/94 0.00 

Distribution 

Center 

DC-B3 3/25/94 0.00 

Distribution 

Center 

DC-B4 3/30/94 0.47 3/31/94 0.51 4/1/94 0.38 

Croton 

Point Ave. 

Bridge 

CAB-1 3/25/94 0.00 Croton 

Point Ave. 

Bridge 
CAB-2 3/25/94 0.00 

Croton 

Point Ave. 

Bridge CAB-3 4/1/94 0.00 
Recovery 

Well Area 
EQ-B1 3/25/94 1.37 Recovery 

Well Area RW-B101 3/30/94 0.10 4/1/94 0.14 

Recovery 

Well Area 

RW-B102 4/11/94 0.00 
Maintenance 

of Way Bldg. 
MOW-B1 3/25/94 0.00 3/28/94 0.00 4/1/94 0.00 Maintenance 

of Way Bldg. MOW-B2 3/25/94 0.00 3/28/94 0.00 

Million 
Gallon Tank 

MGT-B1 4/5/94 0.00 Million 
Gallon Tank MGT-B2 4/5/94 0.00 

Osborne 

Pond 
OP-B1 3/25/94 0.12 3/28/94 0.03 Osborne 

Pond OP-B2 3/25/94 0.90 3/28/94 1.17 

Osborne 

Pond 

OP-B3 3/25/94 0.09 3/28/94 0.07 

Osborne 

Pond 

OP-B4 3/25/94 0.04 3/28/94 0.02 

Osborne 

Pond 

OP-B5 3/25/94 0.00 3/28/94 0.00 

Osborne 

Pond 

OP-B7 4/13/94 0.00 4/19/94 0.00 

Osborne 

Pond 

OP-B8 4/19/94 0.00 

Osborne 

Pond 

OP-B9 4/27/94 0.00 4/29/94 , 0.00 5/5/94 0.00 
LMS-GW5 LMS-GW5-B1 3/24/94 0.00 3/25/94 ' 0.00 LMS-GW5 

LMS-GW5-B2 3/24/94 0.00 3/25/94 0.00 

LMS-GW5 

LMS-GW5-B3 4/19/94 0.00 
Outfall OF-B1 4/1/94 0.00 4/5/94 0.13 Outfall 

OF-B2 4/1/94 0.00 4/5/94 0.03 

Outfall 

OF-B3 4/1/94 0.00 4/5/94 0.00 

Outfall 

OF-B4 4/1/94 0.00 4/5/94 0.00 

Outfall 

OF-TPl 4/19/94 0.00 5/5/94 0.00 6/8/94 0.00 

Outfall 

OF-TP2 4/19/94 0.00 5/5/94 0.00 ' 6/8/94 0.00 

Outfall 

OF-TP3 4/19/94 0.00 5/5/94 0.00 6/8/94 0.00 

Old Oil/Water 

Separator 

OWS-B1 3/31/94 0.00 4/1/94 0.00 Old Oil/Water 

Separator OWS-B2 3/31/94 0.01 4/1/94 0.00 

NOTES: In addition, temporary wells OF-TPl and OF-TP3 were measured on 7/8/94, 8/8/94, and 9/19/94, and OF-TP2 was 
measured on 7/8/94. NAPL was not detected on any of these occasions. 



thickness measurements m the permanent momtormg well network are 

summarized in Table 3-4. 

No permanent wells were installed in the Croton Point Avenue Bridge or Old 

Oil/Water Separator AECs. There are four AECs (LMS-GW1, Electric Shop, 

LMS-GW5, Outfall) where NAPL has not been detected in the permanent 

wells. Some or all of the wells in the remaining six AECs (Distribution 

Center, Recovery Well Area, Maintenance-of-Way Building, Former Million 

Gallon Tank, Locomotive Fueling Pad, Osborne Pond) have consistently 

contained NAPL. NAPL contours from the well gauging round of 9 

September 1994 are included on Figure 3-2 (in map pocket). 

NAPL SAMPLING AND ANALYSIS 

A representative sample of NAPL was collected from each AEC in which it 

was detected at a significant thickness, for analysis by Worldwide 

Geosciences, Inc. The analytical parameters and methods for the NAPL 

samples are listed in Table 3-5. The NAPL samples were analyzed in order to 

establish the type of NAPL present in each area, to determine its 

characteristics, and to estimate its age. 

A total of seven NAPL samples were analyzed. Each was determined to be a 

diesel fuel, ranging in estimated age from between eight and eleven years to 

more than twenty years. The results of these analyses are summarized in 

Table 3-6. The analytical reports are included as Appendix B. 

NAPL BAILDOWN TESTING 

In order to evaluate the recharge characteristics of the NAPL, baildown tests 

were conducted on all permanent monitoring wells that contained a significant 

volume of NAPL. The baildown test results were analyzed according to the 

methods of Grusczcenski (1987) and Hughes, et al. (1988) to estimate the 
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TABLE 3-4 
DEPTH TO WATER, DEPTH TO NAPL, AND NAPL THICKNESS MEASUREMENTS 

METRO-NORTH HARMON YARD 
je 1 of 4 

WELL DATE 
DEPTH 

TO NAPL 
(feet) 

DEPTH TO 
WATER 

(feet) 

NAPL 
THICKNESS 

(feet) 
DATE 

DEPTH 
TO NAPL 

(feet) 

DEF1H TO 
WATER 

(feet) 

NAPL 
THICKNESS 

(feet) 
DATE 

DEPl'H 
TO NAPL 

(feet) 

DEPTH 'TO 
WATER 

(feet) 

NAPL 
THICKNESS 

(feet) 
MW-1 4/2y/94 NOT MEASURED i/5/94 NOT'MEASURED 6/8/94 7.86 9.78 1.92 
MW-2 4/2y/y4 NOT MEASURED 5/5/94 8.23 10.64 2.41 6/8/94 8.35 11.00 2.65 
MW-3 4/2y/y4 NOT MEASURED 5/5/94 8.12 9.32 1.20 6/8/94 8.26 9.49 1.23 
MW-4 4/2y/y4 NOT MEASURED 5/5/y4 8.61 10.58 1.97 6/8/94 8.7V 10.63 1.86 
MW-5 4/2y/y4 NOT MEASURED 5/5/94 8.19 9.79 1.60 6/8/94 8.29 10.10 1.81 
MW-6 4/2y/y4 NOT MEASURED 5/5/94 7.20 8.56 1.36 6/8/94 7.30 8.89 1.59 
MW-7 4/29/94 NOT MEASURED 5/5/y4 — 7.34 0.00 " 6/8/94 — 7.52 0.00 
MW-8 4/2y/y4 NOT MEASURED i/5/94 6.85 7.20 0.35 6/8/94 7.04 7.29 0.25 
MW-9 4/29/94 NOT MEASURED 5/5/y4 8.23 8.89 0.66 6/8/94 NOT MEASURED 

MW-10 4/29/94 NOT MEASURED 5/4/94 8.85 9.99 1.14 6/8/94 8.98 10.35 1.37 
MW-A 4/2y/y4 NOT' MEASURED i/i/94 8.63 10.28 . 1.65 6/8/94 8.72 10.64 1.92 
MW-U 4/2y/y4 NOT MEASURED 5/5/94 8.45 10.19 1.74 6/8/94 8.58 10.44 1.86 
SMW-1 4/2y/y4 NOT MEASURED 5/5/94 — 5.04 0.00 6/8/94 — 5.18 0.00 
SMW-2 4/29/94 N 01 'MEASURED 5/S794 — 4.76 o.oo " 6/8/94 — 4.91 0.00 
SMW-3 4/2y/y4 NOT MEASURED 5/5/94 — 2.65 0.00 6/8/94 — 2.81 0.00 
SMW-4 4/2y/y4 NOT MEASURED 5/5/y4 NOT MEASURED 6/8/94 NOT MEASURED 
SMW-5 4/2y/y4 NOT MEASURED 5/5/94 — 1.53 0.00 6/8/94 1.68 1.82 0.14 
SMW-6 4/2y/y4 NOT MEASURED 5/5/94 3.35 4.57 1.22 6/8/94 3.49 4.66 1.17 
SMW-7 4/2y/y4 NOT MEASURED 5/5/y4 — 2.45 0.00 6/8/94 — 2.59 0.00 
SMW-8 4/29/94 NOT MEASURED 5/5/94 — 3.28 0.00 6/8/94 — 3.41 0.00 
SMW-9 4/2y/y4 NOT MEASURED 5/5/94 — 6.56 0.00 6/8/94 — 6.67 0.00 

SMW-10 4/2y/94 NOT MEASURED 5/5/94 5.26 5.77 0.51 6/8/94 5.42 5.68 0.26 

SMW-11 4/29/94 NOT MEASURED 5/5/94 — 3.86 0.00 6/8/94 — 3.98 0.00 

LMS-UW1 4/29/94 NOT'MEASURED 5/5/y4 8.62 10.79 2.17 6/8/94 NOT'MEASURED 

LMS-UW5 4/2y/y4 NOT MEASURED 5/5/y4 5.60 5.97 0.37 6/8/94 NOT MEASURED 

ERM-1 4/29/94 | 14.64 | 0.00 " 5/5/94 — 14.82 0.00 6/8/94 ~ 14.99 | 0.00 

ERM-2 4/2y/y4 NOT INSTALLED 5/5/94 NOT' INSTALLED 6/8/94 NOT INSTALLED 

ERM-3 4/2y/y4 NOT INSTALLED 5/5/94 NOT INSTALLED 6/8/94 NOT' INSTALLED 

ERM-4 4/2y/y4 — 8.43 0.00 5/5/94 — 8.51 0.00 6/8/94 — 8.68 0.00 

ERM-5 4/29/94 — 7.66 0.00 " 5/5/94 — 7.80 0.00 6/8/94 — 7.97 0.00 

ERM-6 4/29/94 — 4.41 0.00 5/5/94 — 4.52 0.00 6/8/94 — 4.72 0.00 

ERM-7 4/29/94 — 3.oy 0.00 5/5/94 — 3.26 0.00 "" 6/8/94 — 3.56 0.00 

ERM-8 4/2y/y4 — 3.37 0.00 5/5/94 — 3.45 0.00 6/8/94 — 3.64 0.00 

EKM-y 4/2y/y4 — 4.85 0.00 5/5/94 — 4.64 0.00 6/8/94 4.84 5.17 0.33 

ERM-10 4/2y/y4 — 7.25 * 0.00 5/5/94 4.18 4.19 0.01 6/8/94 4.44 5.17 0.73 
EKM-11 4/2y/y4 — 3.33 0.00 " 5/5/94 — 3.35 0.00 6/8/94 NOT MEASURED 

ERM-12 4/2y/y4 3.28 5.21 1.93 5/5/94 3.32 5.52 2.20 6/8/94 3.70 5.62 1.92 

ERM-13 4/2y/y4 — 3.82 0.00 " 5/5/94 3.93 3.96 0.03 6/8/94 4.16 5.04 0.88 

ERM-14 4/2y/y4 5.79 8.75 2.96 " 5/5/94 5.80 9.29 3.49 6/8/94 6.07 10.44 4.37 

ERM-15 4/2y/y4 — 3.25 0.00 5/5/94 — 6.37 0.00 6/8/94 — 3.70 0.00 

ERM-16 4/2y/y4 — 6.y7 0.00 5/5/94 — 7.09 0.00 6/8/94 — 7.42 0.00 

ERM-17 4/2y/y4 — 6.25 0.00 5/5/94 — 3.38 0.00 6/8/94 — 6.70 0.00 

ERM-18 4/2y/y4 NOT 1NSTALLE1 J 5/5/94 NOT' 1NSTALLE1 j 6/8/94 NOT' INSTALLED 

ERM-iy 4/2y/y4 NOT INSTALLED 5/5/94 NOT INSTALLED 6/8/94 NOT INSTALLED 

ERM-20 4/2y/y4 NOT INSTALLED 5/5/94 NOT INSTALLED 6/8/94 NOT INSTALLED 

ERM-21 4/2y/y4 NOT INSTALLED 5/5/94 NOT INSTALLED 6/8/94 NOT INSTALLED 

ERM-22 4/29/94 NOT INSTALLED ' 5/5/94 NOT INSTALLED 6/8/94 NOT INSTALLED 

ERM-23 4/29/94 NOT' INSTALLED 5/5/94 NOT INSTALLED 6/8/94 NOT INSTALLED 

ERM-24 4/2y/94 NOT INSTALLED 5/5/94 NOT INSTALLED 6/8/94 NOT INSTALLED 

ERM-25 4/2y/y4 NOT INSTALLbL) " 5/5/94 NOT' INSTALLED 6/8/94 NOT' INSTALLED 

NOTES: Depth to NAPL and depth to water are feet below top of casing. 
"MW-" wells are located in Recovery Well area. 

"SMW-" wells are located in Fueling Pad area. 
*: Measured immediately after development. 
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DEPTH TO WATER, DEPTH TO NAPL, AND NAPL THICKNESS MEASUREMENTS 

METRO-NORTH HARMON YARD 
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WELL DATE 
DEPTH 

TO NAPL 
(feet) 

DEPTH TO 
WATER 
- (feet) 

NAPL 
THICKNESS 

(feet) 
DATE 

DEPTH 
TO NAPL 

(feet) 

DEFl'H 
TO NAPL 

(feet) 

DEPTH TO 
WATER 

(feet) 

NAPL 
HICKNES 

DEFl'H 
TO NAPL 

(feet) 

DEFl'H TO 
WATER 

(feet) 

NAPL 
THICKNESS 

(feet) 
MW-1 7/8/94 7.54 8.39 0.85 8/8/94 7.59 9.29 1.70 9/19/94 NOT MEASURED 
MW-2 7/8/94 7.69 11.38 3.69 8/8/94 8.01 10.85 2.84 9/19/94 8.42 11.95 3.53 
MW-3 7/8/94 7.90 8.82 0.92 8/8/94 8.00 9.01 1.01 y/19/94 8.41 9.85 1.44 
MW-4 7/8/y4 8.33 9.53 1.20 8/8/94 8.34 11.03 2.69 9/19/94 8.89 11.27 2.38 
MW-5 7/8/94 7.87 9.39 1.52 8/8/94 8.01 9.75 1.74 9/19/94 8.42 10.57 2.15 
MW-6 7/8/94 6.84 7.41 0.57 8/8/94 6.98 8.66 1.68 9/19/94 7.46 9.08 1.62 
MW-7 7/8/94 — 6.87 0.00 8/8/94 — 7.12 0.00 9/19/94 — 7.65 0.00 
MW-8 7/8/y4 6.51 7.14 0.63 8/8/94 6.68 7.50 0.82 9/iy/y4 7.21 7.40 0.19 
MW-9 7/8/94 7.92 8.74 0.82 8/8/94 8.oy 9.09 1.00 9/19/94 8.54 y.75 1.21 
MW-10 7/8/y4 8.30 9.44 1.14 8/8/94 8.65 9.94 1.29 9/19/94 9.12 10.82 1.70 
MW-A 7/8/94 8.31 9.59 1.28 8/8/94 8.44 10.15 1.71 9/19/94 8.90 11.05 2.15 
MW-B 7/8/94 8.16 9.68 1.52 8/8/94 8.30 10.08 1.78 9/19/y4 8.72 10.80 2.08 
SMW-1 7/8/y4 4.23 4.24 0.01 8/8/94 — 4.80 0.00 9/19/94 — 5.37 0.00 
SMW-2 7/8/94 3.99 4.00 0.01 8/8/94 — 4.51 0.00 9/19/94 — 5.09 0.00 
SMW-3 7/8/y4 — 1.78 0.00 8/8/94 — 2.40 0.00 9/19/94 — 2.89 0.00 
SMW-4 7/8/94 NOT MEASUREl } 8/8/94 NOT MEASURED 9/19/94 NOT MEASURED 
SMW-5 7/8/94 NOT MEASURED 8/8/94 1.20 1.98 0.78 y/iy/94 1.87 2.46 o.5y 
SMW-6 7/8/94 2.43 3.18 0.75 8/8/94 3.04 4.75 1.71 9/19/94 3.46 5.00 1.54 
SMW-7 7/8/94 — 1.64 0.00 8/8/94 — 2.15 0.00 9/19/94 — 2.64 0.00 
SMW-8 7/8/94 — 2.47 0.00 8/8/94 — 3.06 0.00 9/19/94 — 3.40 0.00 
SMW-9 7/8/94 — 5.84 0.00 8/8/94 — 6.32 0.00 9/19/94 — 6.63 0.00 

SMW-10 7/8/y4 4.49 5.46 0.97 8/8/94 5.03 i.81 0.78 9/19/94 5.36 6.09 0.73 
SMW-11 7/8/y4 — 3.03 0.00 8/8/94 — 3.56 0.00 9/19/94 DESTROYED 

LMS-UW1 7/8/y4 NOT MEASUREl y 8/8/94 NOT MEASURED 9/19/94 ABANDONED 
LMS-UW5 7/8/94 4.54 4.y2 0.38 8/8/94 NOT MEASURED 9/19/94 ABANDONED 

ERM-1 7/8/94 — 14.38 0.00 8/8/94 — 14.53 0.00 9/19/94 — 14.97 0.00 
KRM-2 7/8/94 NOT INSTALLED 8/8/94 — 8.61 0.00 9/19/94 — 9.32 0.00 
ERM-3 7/8/94 NOT INSTALLED 8/8/94 — 9.43 0.00 9/19/94 — 10.21 0.00 
HRM-4 7/8/94 — 8.19 0.00 8/8/94 — 8.38 0.00 9/19/94 — 8.88 0.00 
ERM-5 7/8/94 7.32 7.86 0.54 8/8/94 7.53 7.82 0.29 9/19/y4 8.04 8.99 o.ys 
ERM-6 7/8/94 — 3.99 0.00 8/8/94 — 4.31 0.00 y/iy/y4 — 4.92 0.00 
ERM-7 7/8/94 — 2.55 0.00 8/8/94 — 2.94 0.00 9/19/94 — 3.70 0.00 
ERM-8 7/8/94 — 2.73 0.00 8/8/94 3.15 3.50 0.35 9/19/94 3.74 4.04 0.30 
EKM-9 7/8/94 3.82 3.96 0.14 8/8/94 4.42 4.84 0.42 y/iy/y4 5.04 5.44 0.40 
EKM-10 7/8/y4 3.16 3.38 0.22 8/8/94 3.96 4.87 0.91 9/19/y4 4.68 5.54 0.86 
ERM-11 7/8/94 NOT MbASUKhl J 8/8/94 — 4.10 0.00 9/19/94 — 4.65 0.00 
ERM-12 7/8/94 1.55 1.88 0.33 8/8/94 3.19 5.57 2.38 9/19/94 3.84 6.21 2.37 
ERM-13 7/8/94 2.15 7.25 5.10 8/8/94 3.32 7.40 4.08 9/19/94 3.97 7.94 3.97 
ERM-14 7/8/94 4.81 8.29 3.48 8/8/94 5.64 10.52 4.88 9/19/94 6.24 10.58 4.34 
ERM-15 7/8/94 — 2.36 0.00 8/8/94 — 3.22 0.00 9/19/94 — 3.96 0.00 
ERM-16 7/8/94 — 6.12 0.00 8/8/94 — 7.01 0.00 9/19/94 — 7.69 0.00 
ERM-17 7/8/94 — 5.38 0.00 8/8/94 — 6.31 0.00 9/19/94 — 6.97 0.00 
ERM-18 7/8/94 NOT 1NSTALLE1 i 8/8/94 — 1.40 0.00 9/19794 — 2.01 0.00 
EKM-1 y 7/8/94 NOT INSTALLED 8/8/94 — 6.50 0.00 9/19/94 — -7.00 0.00 
ERM-20 7/8/y4 NOT INSTALLED 8/8/94 — 5.19 0.00 9/19/94 — 5.85 0.00 
ERM-21 7/8/94 NOT INSTALLED 8/8/94 — 8.92 0.00 9/19/94 — 9.76 0.00 
EKM-22 7/8/y4 NOT INSTALLED 8/8/94 — 16.17 0.00 9/19/94 — 16.64 0.00 
ERM-23 7/8/y4 NOT INSTALLED 8/8/94 — 10.44 0.00 9/19/94 — 11.15 0.00 
liKM-24 7/8/94 NOT INSTALLED 8/8/94 — 7.34 0.00 9/19/y4 — 8.08 0.00 
ERM-25 7/8/94 NOT INSTALLED 8/8/94 — 10.00 0.00 9/19/94 — 10.72 0.00 

NOTES: Depth to NAPL and depth to water are feet below top of casing. "SMW-" wells are located in Fueling Pad area. 
"MW-" wells are located in Recovery Well area. 



TABLE 3-4 
DEPTH TO WATER, DEPTH TO NAPL, AND NAPL THICKNESS MEASUREMENTS 

METRO-NORTH HARMON YARD 

WELL DATE 
DEPTH 

TO NAPL 
(feet) 

DEPTH TO 
WATER 

(feet) 

NAPL 
THICKNESS 

(feet) 
DATE 

DEPTH 
TO NAPL 

(feet) 

DEPTH TO 
WATER 

(feet) 

NAPL 
THICKNESS 

(feet) 
MW-1 10/13/94 8.15 10.79 2.64 11/1/94 INACCESSIBLE 
MW-2 10/13/94 8.64 12.28 3.64 11/1/94 8.73 12.50 3.77 
MW-3 10/13/94 8.58 10,55 1.97 11/1/94 8.75 10.85 2.10 
MW-4 10/13/94 9.12 11.30 2.18 11/1/94 9.28 11.28 2.00 
MW-5 10/13/94 8.62 10.88 2.26 11/1/94 8.7S 11.21 2.46 
MW-b 10/13/94 7.66 9.56 1.90 11/1/94 7.89 y.13 1.24 
MW-7 10/13/94 — 7.91 0.00 11/1/94 - 8.06 0.00 
MW-8 10/13/94 7.46 7.49 0.03 11/1/94 7.60 7.61 0.01 
MW-y 10/13/94 8.79 9.94 1.15 11/1/94 DESTROYED 

MW-10 10/13/94 9.36 11.19 1.83 11/1/94 9.44 11.31 1.87 
MW-A 10/13/94 9.08 11.43 2.35 11/1/94 9.25 11.55 2.30 
MW-B 10/13/94 8.94 11.00 2.06 11/1/94 INACCESSIBLE 
SMW-1 10/13/94 _ J.53 0.00 11/1/94 INACCESSIBLE 
SMW-2 10/13/94 — 5.24 0.00 11/1/94 INACCESSIBLE 
SMW-3 10/13/94 NOT MEASURED 11/1/94 | 3.02 | 0.00 
SMW4 10/13/94 — 9.15 0.00 11/1/94 INACCESSIBLE 
SMW-5 10/13/94 1.87 2.91 1.04 11/1/94 INACCESSIBLE 
SMW-6 10/13/94 N 0 1 ' MEASURED 11/1/94 3.62 4.74 1.12 
SMW-7 10/13/94 NOT MEASURED 11/1/94 - 2.84 0.00 
SMW-8 10/13/94 NOT MEASURED 11/1/94 - 3.54 0.00 
SMW-9 10/13/94 NOT MEASURED 11/1/94 - 6.80 0.00 
SMW-10 10/13/94 NOT MEASURED 11/1/94 5.54 5.sy 0.35 
SMW-11 10/13/94 DESTROYED 11/1/94 DESTROYED 

LMS-0W1 10/13/94 ABANDONED 11/1/94 ABANDONED 
LMS-GW5 10/13/94 ABANDONED 11/1/94 ABANDONED 

ERM-1 10/13/94 — 15.31 0.00 11/1/94 - 15.55 0.00 
ERM-2 10/13/94 — 9.78 0.00 11/1/94 - 10.11 0.00 
EKM-3 10/13/94 — 10.65 0.00 11/1/94 - 10.97 0.00 
ERM-4 10/13/94 — y.15 0.00 11/1/94 - 9.29 0.00 
EKM-5 10/13/94 8.29 9.22 0.93 11/1/94 8.43 9.3/ 0.94 
liKM-6 10/13/94 — 5.17 0.00 11/1/94 - 5.28 0.00 
ERM-7 10/13/94 — 3.94 0.00 11/1/94 - 4.06 0.00 
ERM-8 10/13/94 3.97 4.24 0.27 11/1/94 INACCESSIBLE 
ERM-9 10/13/94 ' 5.17 5.48 0.31 11/1/94 5.17 5.41 0.24 
ERM-10 10/13/94 4.80 5.56 0.76 11/1/94 4.80 5.50 0.70 
ERM-11 10/13/94 — 4.87 0.00 11/1/94 - 4.77 0.00 
ERM-12 10/13/94 4.06 6.oy 2.03 11/1/94 3.93 6.20 2.27 
ERM-13 10/13/94 4.18 8.07 3.89 11/1/94 4.13 7.30 3.17 
ERM-14 10/13/94 6.42 lu.yi 4.49 11/1/94 6.36 9.87 3.51 
ERM-15 10/13/94 — 4.10 0.00 11/1/94 DESTROYED 
ERM-16 10/13/94 — 7.82 0.00 11/1/94 -- 7.74 0.00 
ERM-17 10/13/94 — 7.09 0.00 11/1/94 - 9.71 0.00 
HRM-18 10/13/94 — 2.18 0.00 11/1/94 -- 2.16 0.00 
ERM-19 10/13/94 — 7.20 0.00 11/1/94 - 7.01 0.00 
EKM-20 10/13/94 — 5.99 0.00 11/1/94 -- 5.89 0.00 
ERM-21 10/13/94 — 10.26 •0.00 11/1/94 - 10.63 0.00 
ERM-22 10/13/94 — 17.12 0.00 11/1/94 - 17.45 0.00 
ERM-23 10/13/94 — 11.70 0.00 11/1/94 - 12.13 0.00 
ERM-24 lU/13/y4 DESTROYED 11/1/94 DESTROYED 
ERM-25 10/13/94 | 11.08 | 0.00 11/1/94 | 11.32 | O.OU 

NOTES: Depth to NAPL and depth to water are feet below top of casing. "SMW-" wells are located in Fueling Pad area. 
"MW-" wells are located in Recovery Well area. 
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DEPTH TO WATER, DEPTH TO NAPL, AND NAPL THICKNESS MEASUREMENTS 
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WELL DATE 
DEPTH 

TO NAPL 
(feet) 

DEPTH TO 
' WATER 

(feet) 

NAPL 
THICKNESS 

(feet) 
DATE 

DEPTH 
TO NAPL 

(feet) 

DEPTH TO 
WATER 

(feet) 

NAPL 
THICKNESS 

(feet) 
MW-1 12/5/94 8.11 9.33 1.22 i/4/ys 8.22 10.00 1.78 
MW-2 12/5/94 8.55 11.05 2.50 1/4/95 8.53 12.62 4.09 
MW-3 12/5/94 8.39 9.98 l.sy 1/4/95 INACCESSIBLE 
MW-4 12/5/94 8.93 10.72 1.79 1/4/95 INACCESSIBLE 
MW-5 12/5/94 NOT MEASURED i/4/y5 TNACCESSTBLE 
MW-6 12/5/94 7.49 7.77 0.28 1/4/95 7.65 9.21 1.56 
MW-7 12/5/94 — 7.63 0.00 1/4/95 — 7.79 0.00 
MW-8 12/5/94 - - 7.21 0.00 1/4/95 — 7.37 0.00 
MW-9 12/5/94 DESTROYED l/4/y5 DESTROYED 

MW-10 12/5/94 9.18 10.25 1.07 i/4/y5 INACCESSIBLE 
MW-A 12/5/94 9.02 10.20 1.18 i/4/y5 INACCESSIBLE 
MW-B 12/5/94 8.84 10.26 1.42 1/4/95 8.98 | 10.65 | 1.67 
SMW-1 12/5/94 — 4.56 0.00 1/4/95 INACCESSIBLE 
SMW-2 12/5/94 INACCESSIBLE 1/4/95 .— 4.52 0.00 
SMW-3 12/5/94 | 2.06 | 0.00 1/4/95 — 2.26 0.00 
SMW-4 12/5/94 INACCESSIBLE 1/4/95 INACCESSIBLE 
SMW-5 12/5/94 INACCESSIBLE 1/4/95 INACCESSIBLE 
SMW-6 12/5/94 2.73 2.85 0.12 l/4/y5 2.73 4.50 1.77 
SMW-7 12/5/94 — 1.93 0.00 1/4/95 — 1.87 0.00 
SMW-8 12/5/94 — 2.64 0.00 1/4/95 — 2.sy 0.00 
SMW-9 12/5/94 — 6.01 0.00 1/4/95 — 6.15 0.00 

SMW-10 12/5/94 4.76 5.03 0.27 1/4/95 4.91 5.30 0.39 
SMW-11 12/5/94 DESTROYED 1/4/95 DESTROYED 

LMS-GW1 12/5/94 ABANDONED 1/4/95 ABANDONED 
LMS-GW5 12/5/94 ABANDONED 1/4/95 ABANDONED 

EKM-1 12/5/94 — 15.46 0.00 1/4/95 — 15.43 0.00 
ERM-2 12/5/94 — y.4y 0.00 1/4/95 - - 9.49 0.00 
ERM-3 12/5/y4 — 10.27 0.00 1/4/95 — 10.32 0.00 
EKM-4 12/5/94 - - 8.92 0.00 1/4/95 — 8.99 0.00 
HRM-5 12/5/94 8.08 8.83 0.75 1/4/95 INACCESSIBLE 
ERM-6 12/5/94 — 3.46 0.00 1/4/95 — 4.83 0.00 
ERM-7 12/5/94 — 3.32 0.00 1/4/95 — 3.41 0.00 
ERM-8 12/5/94 — 3.31 0.00 1/4/95 — 3.45 0.00 
ERM-9 12/5/94 NOTMEASURE1 i 1/4/95 INACCESSIBLE 

ERM-10 12/5/94 NOT MEASURED 1/4/95 INACCESSIBLE 
EKM-11 12/5/94 — 3.32 0.00 1/4/95 — 3.91 0.00 
EKM-I2 12/5/94 2.21 4.33 2.12 1/4/95 2.y7 5.34 2.37 
EKM-13 12/5/94 3.21 4.87 . 1.66 1/4/95 3.43 5.81 2.38 
ERM-14 12/5/94 5.25 11.12 5.87 1/4/95 5.51 11.23 5.72 
EKM-15 12/5/94 - - 2.9S 0.00 l/4/y5 — 3.38 0.00 
ERM-16 12/5/94 — 6.58 0.00 1/4/95 — 6.87 0.00 
ERM-17 12/5/94 — 5.87 0.00 1/4/95 — 6.15 0.00 
EkM-18 12/5/94 — 0.96 0.00 1/4/95 — 1.25 0.00 
KRM-iy 12/5/94 — 6.22 0.00 1/4/95 — 6.50 0.00 
ERM-20 12/5/94 — 4.88 0.00 1/4/95 — 5.05 0.00 
EKM-21 12/5/94 — 10.00 0.00 1/4/95 — 10.02 0.00 
ERM-22 12/5/94 — 17.42 0.00 1/4/95 — 17.32 0.00 
ERM-23 12/5/94 — 77.90 0.00 1/4/95 — 11.91 0.00 
ERM-24 12/5/94 DESTROYED 1/4/95 DESTROYED 
ERM-25 12/5/94 | 10.58 | O.OU 1/4/95 | 10.72 | 0.00 

NOTES: Depth to NAPL and depth to water are feet below top of casing. "SMW-" wells are located in Fueling Pad area, 
"MW-" wells are located in Recovery Well area. 



TABLE 3-5 
ANALYSES PERFORMED ON NAPL SAMPLES 

METRO NORTH HARMON YARD 
CROTON-ON-HUDSON, NEW YORK 

ANALYSIS METHOD 

Sediment by Extraction ASTMD-473 
Viscosity ASTM D-445 

Pour Point ASTM D-97 
Sulfur by X-Ray ASTMD-4294 

Conradson Carbon Residue ASTM D-189 
Flash Point ASTM D-93 
Ash Content ASTM D-482 

Specific Gravity ASTM D-891 
API Gravity ASTMD-1250 

Water Content by Karl Fisher ASTM D-1744 
PCBs USEPA SW-846 8080 



TABLE 3-6 
SUMMARY OF ANALYTICAL RESULTS FOR NAPL SAMPLES 

METRO NORTH HARMON YARD 
CROTON-ON-HUDSON, NEW YORK 

SAMPLE AREA OF 
CONCERN 

SAMPLE 
DATE 

SAMPLE 
TYPE 

SEDIMENT 
BY 

EXTRACTION 
(weight %) 

VISCOSITY 

(centi stokes) 

POUR 
POINT 

(degrees F) 

SULFUR 
CONTENT 
(weight %) 

CARBON 
RESIDUE 
(weight %) 

FLASH 
POINT 

(degrees F) 
LMS-GW1 LMS-GW1 3/25/94 Diesel <0.01 3.03 <-35 0.349 0.19 177 
LMS-GW5 LMS-GW5 3/25/94 Diesel <0.01 4.08 <-35 0.335 0.17 195 
Osbourne Osborne Pond 3/25/94 Diesel <0.01 4.18 <-35 0.316 0.21 182 

EQ-B1 Recovery Well Area 3/25/94 Diesel <0.01 2.70 <-35 0.208 0.04 155 
DC-B4 Distribution Center 3/25/94 Diesel <0.01 2.50 <-35 0.144 0.04 162 
SMW-6 Fueling Pad 6/7/94 Diesel <0.01 3.03 <-50 0.27 0.07 147 
MET-0 Million Gallon Tank 7/29/94 Diesel 0.0033 3.42 <-50 0.302 0.04 145 

SAMPLE AREA OF 
CONCERN 

SAMPLE 
DATE 

SAMPLE 
TYPE 

ASH 
CONTENT 
(weight %) 

SPECIFIC 
GRAVITY 
(grams/cc) 

API 
GRAVITY 

(degrees API) 

WATER 
CONTENT 
(weight %) 

LEVEL OF 
DEGRADATION 

ESTIMATED 
EXPOSURE 

TIME 
(years) 

LMS-GW1 LMS-GW1 3/25/94 Diesel 0.0208 0.8693 31.3 NA Severe >20 
LMS-GW5 LMS-GW5 3/25/94 Diesel 0.0036 0.8664 31.8 NA Severe >20 
Osbourne Osborne Pond 3/25/94 Diesel 0.0167 0.8695 31.2 NA Severe >20 

EQ-B1 Recovery Well Area 3/25/94 Diesel 0.0011 0.8560 33.8 NA Moderate 13-17 

DC-B4 Distribution Center 3/25/94 Diesel 0.0022 0.8540 34.2 NA Minimal 8-11 

SMW-6 Fueling Pad 6/7/94 Diesel 0.0042 0.8722 30.7 0.66 Significant 17-22 

MET-0 Million Gallon Tank 7/29/94 Diesel < 0.002 0.8819 29.0 0.38 Severe >20 

NOTES 

Analyses and exposure estimates performed by Worldwide Geosciences. 

NA: Not analyzed, due to insufficient sample volume. 

No PCBs were detected in any of these product samples. 



actual NAPL thicknesses in the formation, and the results are summarized in 

Table 3-7. The tabulated data and data plots are included as Appendix C. 

A baildown test involves removal of as much NAPL as possible from the well 

as quickly as possible, then measuring the depth to NAPL and depth to water 

frequently, until recovery has occurred. For these tests, the NAPL was 

removed using a dedicated PVC bailer and nylon rope. Three-inch bailers 

were used for testing the four-inch wells and 1.5-inch bailers were used for 

testing the two-inch wells. The bailed NAPL was placed into a drum for 

disposal by Metro-North. 

The results shown in Table 3-7 indicate that the thickness of the product in the 

formation ranges from 0.03 feet to 2.26 feet, depending upon the location 

tested and the method of analysis used. There is generally good correlation 

between the results obtained using the two different analytical methods. This 

is true for the Recovery Well Area wells and most of the Osborne Pond wells. 

For some wells, however, there were significant differences between the 

results obtained for the two methods (ERM-9, ERM-10, ERM-12, SMW-6, 

SMW-10). There are several possible reason for the differences noted. Since 

one of the assumptions used by Hughes, et al. (1988) is that only NAPL is 

removed from the well, the fact that water, in addition to NAPL, was 

inadvertently removed from some wells during the baildown tests may impact 

the representativeness of the results. Another possible explanation is that the 

inflection point, which is used by Grusczcenski (1987) to determine the NAPL 

thickness, may have occurred too early in the baildown test in some wells to 

be measured. Each of these factors could lead to an erroneous estimate of the 

NAPL thickness in the formation. 

. ERM-NORTHEAST 3-16 68000105.696\tm\tm 



TABLE 3-7 
FORMATION NAPL TfflCKNESS, AS DETERMINED BY NAPL BAILDOWN TESTING 

METRO NORTH HARMON YARD 
CROTON-ON-HUDSON, NEW YORK 

WELL 
INFERRED NAPL THICKNESS 

WELL Method of Grusczcenski 
(1987) 

Method of Hughes, et al. 
(1988) 

ERM-9 0.42 * 0.09 
ERM-10 0.91 * 1.39 
ERM-12 2.26 * 1.22 
ERM-13 0:26 0.23 
ERM-14 0.27 + 0.47 
MW-1 0.27 0.24 
MW-2 0.21 0.35 
MW-3 0.11 0.18 
MW-4 0.12 0.23 
MW-5 0.08 + 0.25 
MW-6 0.12 0.37 
MW-8 0.02 0.03 

MW-10 0.23 0.27 
MW-A 0.13 + 0.20 
MW-B 0.41 + 0.15 
SMW-6 0.15 + 1.38 

SMW-10 0.03 + 1.50 

NOTES: 

"MW-" wells are located in the Recovery Well Area. 
"SMW-" wells are located in the Locomotive Fueling Area. 

All thicknesses are in feet. 
*: Type I curve; pre-test product thickness therefore represents thickness in formation. 
+: No inflection point; inferred product thickness is therefore a maximum estimate. 



SOIL CHARACTERIZATION 

PURPOSE 

The purpose of the soil characterization task was initially to evaluate the soil 

quality in the areas impacted by NAPL. Accordingly, soil samples were 

collected from borings or test pits installed both within the NAPL plumes and 

around the perimeter of the plumes. Additional soil samples were analyzed 

from background locations and AECs without NAPL, in order to evaluate soil 

quality across the Yard. In addition, selected soil samples from both the 

temporary NAPL delineation wells and permanent monitoring wells were 

analyzed in the field for fuel components, using the HNu-Hanby test kit. 

SUMMARY OF GEOLOGY 

Regional Geology 

According to the LMS report (LMS, 1989), the geology of Harmon Yard 

consists of extensive unconsolidated deposits overlying bedrock. Directly 

beneath the overburden lie the members of the Trenton Group, a middle to 

upper Ordovician facies consisting of schists with varied medium-grade to 

high-grade metamorphic components. A narrow band of Yonkers Gneiss 

(upper Proterozoic) is also reported to extend under the northern portion of the 

Yard. The southern portion of the Yard is believed to be underlain by another 

upper Proterozoic metamorphic unit consisting of Fordham Gneiss. 

The unconsolidated deposits identified at the Yard by LMS include a sand and 

gravel aquifer overlying the Fordham Gneiss. The saturated thickness of this 

unit was estimated to be greater than 10 feet. The southern-most tip of this 

unconsolidated aquifer is less than one mile from the Yard. Although the 

elevation of the bottom of the aquifer was not reported in the literature, 

drilling logs prepared during installation of the WWTP equalization tanks 
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indicate that bedrock at the northern end of the site is at least 200 feet below 

grade. 

Overlying the aquifer in the northern portion of the Yard are unconsolidated 

sediments composed of fluvially-deposited shoreline sediments. At the 

southern end of the Yard, the unconsolidated sediments are characteristic of 

wetland deposits interbedded with coarser sands believed to be deposited by 

the Croton River outwash. Sands here contained high percentages of 

metamorphic parent rock. 

Site Geology 

Since most of the work done at the Yard has focussed on the delineation of 

NAPL, most of the test borings are only 20 to 25 feet deep, and only 

encounter fill material and sand and gravel deposits. However, ERM 

reviewed all of the investigative work done at the Yard by other consultants as 

well as the logs prepared during this investigation, to develop some summary 

statements about the site geology. 

The logs for the wells installed by AET in the Recovery Well Area indicate 

that the sediments underlying that area are relatively homogeneous, fine to 

medium sands, with trace amounts of fine gravel and some to little silt. The 

soils encountered by IEM/Sealand, Inc. during their investigation at the 

Locomotive Fueling Pad were reported as gray to green, fine to coarse sands 

and gravels. These materials were found to a depth of approximately 20 feet 

below grade, and generally became coarser with depth. At a few locations, 

gray silty clay was found from 18 to 20 feet below grade. 

In general, samples for geologic characterization were collected only above the 

water table by ERM. The predominant material found in the temporary and 

permanent well borings was fine or very fine sand, with varying amounts of 

silt and/or gravel. In some locations, coarser horizons, consisting of medium 
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to coarse sands and/or gravel, were found. These layers were generally 

limited in thickness. In many AECs, especially the Maintenance-of-Way 

Building, Former Million Gallon Tank, Locomotive Fueling Pad, and Outfall 

areas, fill materials were encountered to depths as great as five feet below 

grade. In addition, although coal ash was only noted at one sampling location, 

it is possible that coal ash was historically used locally as fill. If so, this use 

would have ended by the early 1950s, due to the transition to diesel 

locomotives. 

PROCEDURES 

HNu-Hanby Kit 

As described in Section 3.2, the worst-case sample from each of the temporary 

NAPL delineation wells was analyzed using the HNu-Hanby field test kit. 

This test kit was also used to analyze any soil samples collected from locations 

where permanent monitoring wells were installed. The results of the HNu-

Hanby analyses and the headspace readings, where collected, are summarized 

in Table 4-1. 

The HNu-Hanby system for TPH analysis is a self-contained test kit. The 

Hanby Method was documented in a recent USEPA report on field 

measurement techniques (USEPA, 1990). In this report, USEPA found that 

the method provided quantitative results with high levels of precision and 

accuracy. Typical detection limits are one part per million each for BTEX, 

unleaded gasoline, diesel fuel, and crude oil. 

The analysis consists of three steps. First, a five gram soil sample is placed 

into a beaker. Ten milliliters (ml) of solvent are then added to the soil and 

this mixture is agitated for three minutes. Second, when the soil has settled, 

the extract is decanted into a screw-top test tube to the 4.2 ml mark. One 
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TABLE 4-1 
HEADSPACE AND HNU-HANBY KIT RESULTS 

METRO-NORTH HARMON YARD 
Page 1 of 3 

BACKGROUND J LMS-GW1 
ERM-22 ERM-23 LMS-GW1-B1 LMS-GW1-B2 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 
0-2' NM 0-2' NM 1-3' 1-3' 0.0 
2-4' NM 2-4' NM 3-5' 3-5' 65.4 
4-6' NM 4-6' NM 0 5-7' 0 5-7" 194 > 750 
6-8' NM 0 

LMS-GW1 ELECTRIC SHOP 
ERM-2 ERM-3 ERM-21 ES-B1 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 
0-2' NM 0-2' NM 0-2' NM 1-3' 4.0 
2-4' NM 2-4' NM 2-4" NM 3-5' 14.1 0 
4-6' NM * 0 4-6' NM * 0 4-6' NM * 50 5-7' 4.3 

ELECTRIC SHOP DISTRIBUTION CENTER 
ES-B2 ES-B3 ERM-25 DC-B1 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 
1-3' 0.0 1-3' 9.6 0-2'. NM 1-3' 17.5 50 
3-5' 0.0 3-5' 8.5 2-4' NM * 750 3-5' 10.0 
5-7' 0.0 5-7' 60 0 4-6' NM 5-7' 8.0 
7-9" 0.0 100 

DISTRIBUTION CENTER RECOVERY WELL AREA 
DC-B2 DC-B3 DC-B4 EQ-Bl 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 

1-3' NM 1-3' NM 1-3' 7.3 1-3' 73.8 
3-5' 0.0 3-5' 4.0 3-5' 7.1 3-5' 17.7 

5-7' 0.0 5-7' 2.3 5-7' 9.0 100 5-7' 26.1 
7-9' 0.0 0 7-9' 3.0 0 7-9' 220 2,500 D 

NOTES: Units for headspace are parts per million, relative to the calibration gas. NM: Not measured. 
Units for HNu-Hanby results are parts per million, relative to site-specific diesel fuel standard. NR: No sample recovery. 

*: Interval sampled for laboratory analysis. NA: Not analyzed. 
D: Results from diluted sample (5:1 dilution). 



TABLE 4-1 
HEADSPACE AND HNU-HANBY KIT RESULTS 

METRO-NORTH HARMON YARD 
Page 2 of 3 

RECOVERY WELL AREA CROTON POINT AVENUE BRIDGE 
RW-B101 RW-B102 CAB-1 CAB-2 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 
1-3' 0.0 1-3' 0.0 NA 1-3' 1.3 1-3' NR 
3-5' 0.0 3-5' 0.0 NA 3-5' NR 3-5' 35.5 0-50 
5-7' 0.0 50-100 5-7" 0.0 NA 5-7' 9.6 5-7' 0.2 
7-9' 0.0 1-9' 229 3,750 D 

CROTON POINT AVENUE BRIDGE MAINTENANCE OF WAY BUILDING FORMER MILLION GALLON TANK 
CAB-3 MOW-B1 MOW-B2 MGT-B1 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 
1-3' 0.0 1-3' 20.2 1-3' 24.8 1-3' 25.9 500-750 
3-5' 0.0 3-5' 79.0 > 750 3-5' 111.0 > 3,750 D 3-5' 8.7 
5-7' 0.0 0 
7-9' 0.0 

FORMER MILLION GALLON TANK OSBORNE POND 
MGT-B2 OP-B1 OP-B2 OP-B3 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 
1-3' 23.7 0-2' NM > 3,750 D 0-2' 60.6 3,750 D 0-2' 143 > 3,750 D 
3-5' 136 3,750 D 

OSBORNE POND 
OP-B4 OP-B5 OP-B7 OP-B8 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 
0-2" 96.4 Oil saturated 0-2" 76.9 1,250 D 0-2' 8.0 0-2' 71.5 

2-4' 103 3,750 D 2-4' 102 > 3,750 D 

NOTES: Units for headspace are parts per million, relative to the calibration gas. NM: Not measured. 
Units for HNu-Hanby results are parts per million, relative to site-specific diesel fuel standard. NR: No sample recovery. 

*: Interval sampled for laboratory analysis. NA: Not analyzed. 
D: Results from diluted sample (5:1 dilution). 



TABLE 4-1 
HEADSPACE AND HNU-HANBY KIT RESULTS 

METRO-NORTH HARMON YARD 
Page 3 of 3 

OSBORNE POND LMS-GW5 
OP-B9 LMS-GW5-B1 LMS-GW5-B2 LMS-GW5-B3 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 
0-2' NM Oil saturated 0-2' 84.6 0-2' 32.5 0-2' NM 500-1,250 D 

2-4' 100 > 3,750 D 2-4' 100 2-4' NM 
4-6' 123 > 3,750 D 

LMS-GW5 OLD OIL/WATER SEPARATOR OUTFALL 
ERM-20 OWS-B1 OWS-B2 OF-B1 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 
0-2' 0.0 0-2' NM 50 0-2' NM 100 1-3' 0.0 50 
2-4' 58 * 250-500 

OUTFALL 
OF-B2 OF-B3 OF-B4 OF-TP1 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 
0-2' 164 > 3,750 D 0-2' 15.9 0-2' 17.5 250 0-3' 10.1 
2-4' 46.7 2-4' 41.9 2-4' 15.6 3-5' 29.0 0 

4-6' 62.3 4-6' • 55.5 500 

OUTFALL 
OF-TP2 OF-TP3 

DEPTH HEADSPACE HNU-HANBY DEPTH HEADSPACE HNU-HANBY 

0-1.5" 0.0 0-1' 7.3 0 
1.5-3' 4.8 50 1-1.5' 0.0 

1.5-3' 0.0 

NOTES: Units for headspace are parts per million, relative to the calibration gas. NM: Not measured. 
Units for HNu-Hanby results are parts per million, relative to site-specific diesel fuel standard. NR: No sample recovery. 

*: Interval sampled for laboratory analysis. NA: Not analyzed. 
D: Results from diluted sample (5:1 dilution). 



10-ml vial of color development catalyst is added and the test tube is 

vigorously shaken for three minutes. Third, the color and intensity of the 

resulting product are compared to a sheet of color standards to determine the 

contaminant type and approximate concentration. If a mixture of components 

exists in the soil, the resulting color may be a combination of the individual 

colors. For this project, a site-specific standard sheet was prepared by HNu-

Hanby, using a NAPL sample collected in the Recovery Well Area. 

Laboratory Analysis 

As the extent of NAPL in each AEC was determined, the configuration and 

size of the plume was analyzed, and soil boring locations were selected. In 

areas where NAPL was detected (Recovery Well Area, Locomotive Fueling 

Pad, Osborne Pond), at least one soil boring was installed within the plume. 

Additional borings were located outside of the presumed area of impacted soil. 

In areas where NAPL had not been detected (Background, Electric Shop, 

Maintenance-of-Way Building, Former Million Gallon Tank, Outfall test pits) 

or had been detected in isolated occurrences (LMS-GW1, Distribution Center, 

LMS-GW5) during the NAPL delineation phase, locations were selected to 

provide spatially representative of soil samples within the area. In some cases, 

boring locations were selected based on HNu-Hanby test results and/or field 

observations. No soil sampling was performed within the Croton Point 

Avenue Bridge or Old Oil/Water Separator AECs. 

Sampling depths within each boring or test pit were selected based upon the 

lithologic logs developed during the NAPL delineation activities or field 

conditions. If possible, two intervals were sampled in each boring installed 

within the NAPL plumes. One sample was collected at each of the other 

locations. All soil samples were collected from the zone above the water 

table. 
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A total of 35 soil samples, collected from 28 soil borings and three test pits, 

were submitted for laboratory analysis. Soil borings were installed using the 

HSA drilling method. Samples were collected using a decontaminated three-

inch diameter split spoon, to ensure sufficient sample volume for the 

laboratory analysis. Samples were transferred directly to laboratory-supplied 

bottles using dedicated stainless steel teaspoons. The augers and split spoons 

were decontaminated using steam. After sampling was completed, any borings 

that were not to be used for permanent monitoring wells were backfilled with 

their cuttings and, if necessary, bentonite pellets. The pellets were hydrated to 

ensure a proper seal and were later checked to ensure that no settling had 

occurred. If necessary, additional bentonite was added. 

As described in Section 3.2, the three test pits were installed to investigate the 

outfall pipe area at the southern end of the Yard. These test pits were 

excavated using a backhoe. The test pit stratigraphy was described and a 

sample of the apparent worst-case zone, based on sensory and PID analysis, 

was collected from each pit using a dedicated stainless steel teaspoon. The 

backhoe bucket was decontaminated using steam. 

Once filled, the sample bottles were placed into an iced cooler and shipped by 

overnight courier, under chain of custody procedures, to Energy and 

Environmental Engineering, Inc. (E3I), of Somerville, Massachusetts, for 

analysis. E3I is part of the New York State Department of Health (NYSDOH) 

Environmental Laboratory Approval Program and was approved by NYSDOH 

for the analysis of soil and ground water samples via NYSDEC Analytical 

Services Program (ASP) protocols. The soil samples were analyzed for Target 

Compound List/Target Analyte List (TCL/TAL) parameters, using NYSDEC 

1991 ASP analytical protocols. The analytical parameters are summarized in 

Table 4-2. Quality Assurance/Quality Control (QA/QC) samples, including 

blind duplicate samples, field blanks, trip blanks, matrix spikes, and matrix 

spike duplicates, were collected during this program. Each of the soil samples 
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TABLE 4-2 
ANALYTICAL PARAMETERS FOR SOIL SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 

Volatile Organics 

Chloromethane trans 1,2-Dichloroethene cis 1,3-Dichloropropene 2-Hexanone 
Bromomethane Chloroform Trichloroethene Tetrachloroethene 
Vinyl chloride 1,2-Dichloroethane Dibromochloromethane 1,1^,2-Tetrachloroethane 
Chloroetliane 2-Butanone 1,1 ̂ -Trichloroethane Toluene 

Methylene chloride 1,1,1-Trichloroethane Benzene Chlorobenzene 
Acetone Carbon tetrachloride trans 1,3-Dichloropropene Ethylbenzene 

Carbon disulfide Bromodichloromethane Bromoform Styrene 
1,1 -Dichloroethene 1,2-Dichloropropane 4-Methyl-2-pentanone Total Xylenes 
1,1-Dichloroethane 

Semi-volatile Organics 

Phenol 2,4-Dichlorophenol Acenaphthene Carbazole 
bis(2-chloroethyl)ether 1,2,4-Trichlorobenzene 2,4-Dinitrophenol Di-n-butylphthalate 

2-chlorophenol Naphthalene 4-Nhrophenol Fluoranthene 
1,3-Dichloroben2Ene 4-Chloroaniline Dibenzofuran Pyrene 
1,4-Dichlorobenzene Hexachlorobutadiene 2,4-Dinitrotoluene Butylbenzylphthalate 
1,2-Dichlorobenzene 4-Chloro-3-methyhihenol Diethylphthalate 3,3'-Dichlorobenzidine 

2-Methylphenol 2-Methylnaphthalene 4-Chlorophenyl-phenylether Benzo(a)anthracene 
bis(2-chloroisopropyl) ether Hexachlorocyclopeutadiene Fluorene Chrysene 

4-Methylphenol 2,4,6-Trichlorophenol 4-Nitroaniline bis(2-Ethylhexyl)phthalate 
N-Nitroso-di-n-propylamine 2,4,5-Trichlorophenol 4,6-Dinitro-2^nethylphenol Di-n-octylphthalate 

Hexachloroethane 2-Chloronaphthalene N-Nitrosodiphenylamine Benzo(b)fluoranthene 
Nitrobenzene 2-Nitroaniline 4-Bromophenyl-phenylether Benzo(k)fluoranthene 
Isophorone Dimethylphthalate Hexachlorobenzene Benzo(a)pyrene 

2-Nitrophenol Acenaphthylene Pentachlorophenol Indeno(l,2,3-cd)pyrene 
2,4-Dimethylphenol 2,6-Dmhrotoluene Phenanthrene Dibenz(a,h.)anthracene 

bis(2-chloroethoxy)methane 3-Nitroanailine Anthracene Benzo(gJh,i)perylene 

Pesticides 

Alpha-BHC Heptachlor Epoxide Endosulfanll Endrin ketone 
Beta-BHC EndosulfanI 4,4'-DDD Endrin aldehyde 
Delta-BHC Dieldrin Endosulfan sulfate Alpha-chlordane 

Gamma-BHC 4,4'-DDE 4,4'-DDT Gamma-chlordane 
Heptachlor Endrin Methoxychlor Toxaphene 

Aldrin 

PCBs 

Arochlor 1016 Arochlor 1232 Arochlor 1248 Arochlor 1260 
Arochlor 1221 Arochlor 1242 Arochlor 1254 

Metals 

Aluminum Calcium Magnesium Silver 
Antimony Chromium Manganese Sodium 

Arsenic Cobalt Mercury Thallium 

Barium Copper Nickel Vanadium 
Beryllium Iron Potassium Zinc 
Cadmium Lead Selenium Cyanide 



was also analyzed by E3I for total organic carbon, using USEPA Method 9060. 

The data packages were evaluated by a certified data validator. Analytical 

results for the soil samples are summarized in Table 4-3. Only detected 

compounds are shown in this table. Concentrations reported in this table have 

been modified as recommended by the data validation reviews, which are 

included, with the laboratory data sheets, in Appendix D. The flags are placed 

next to each concentration as appropriate and are referenced at the bottom of 

each table. 

In addition, one sample from each AEC was analyzed for grain size 

distribution. The grain size analyses were performed by J&L Testing, Inc. of 

Canonsburg, Pennsylvania, according to ASTM Method D-422. These results 

are summarized in Table 4-4. The report from J&L Testing is included as 

Appendix E. 

Development of Indicator Parameters 

The results of the laboratory analyses suggested that the compounds detected in 

the soils had been derived from petroleum NAPLs. In order to more easily 

represent the data, a set of four indicator groups were defined; one indicator 

group was selected to represent VOCs, two were selected to represent SVOCs, 

and one for PCBs. The indicator group for VOCs was defined as total BTEX. 

Two indicator groups were used to define SVOCs. The first SVOC indicator 

group is the sum of the naphthalene and 2-methyl naphthalene concentrations, 

as these compounds are common components of diesel fuel. The second 

SVOC indicator group is composed of the following polynuclear aromatic 

hydrocarbons (PAHs): benzo(a)anthracene, chrysene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, benzo(a)pyrene, and dibenz(a,h)anthracene. These 

compounds are also typical components of fuel oil and coal ash (USEPA, 

1988). The fourth indicator group is total PCBs. The indicator groups for 

each sample are discussed on an AEC-by-AEC basis in the sections that 
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TABLE 4-3 
COMPOUNDS DETECTED IN SOIL SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 1 of 12 

SAMPLE BG-SS-N BG-SS-N ERM-2 ERM-3 GW1-SS GW1-SS GW1-SS-B3 ERM-21 ERM-24 
DEPTH 2-41 6-S 4-6' 4-6' 1-3' 4-6' 4-6' 4-6' 6-8' 
DATE SAMPLED 4/20/94 4/20/94 7/21/94 7/21/94 4/14/94 4/14/94 4/20/94 7/22/94 7/22/94 
AREA OF CONCERN Background Background LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 Sewer Line 

Volatile Organlcs, in ug/kg 
Methylene chloride 
Acetone 
Carbon disulfide 
Total 1,2-Dichloroethene 
2-Butanone 
1,1,1 -Trichloroethane 3 J 
Trichloroethene 
Benzene 
2-Hexanone 
Tetrachloroethene 

1,1 ,2,2-Tetrachloroethane 

Toluene 2 J 
Chlorobenzene 
Ethylbenzme 46 J 
Total Xylenes 250 J 

SAMPLE BG-SS-N BG-SS-N ERM-2 ERM-3 GW1-SS GW1-SS GW1-SS-B3 ERM-21 ERM-24 
DEPTH 2-4' 6-81 4-6' 4-6' 1-3' 4-6' 4-6' 4-6' 6-8' 
DATE SAMPLED 4/20/94 4/20/94 7/21/94 7/21/94 4/14/94 4/14/94 4/20/94 7/22/94 7/22/94 
AREA OF CONCERN Background Background LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 Sewer Line 

Pesticides, in ug/kg 
Afcha-BHC 
Beta-BHC 0.20 J 
Gamma-BHC 1 0.70 J 3.7 J 

Heptachlor 
Aldrin 
Heptachlor Epoxide 0.72 J 1.4 J 3.8 
EndosvufanI 0.64 J 1.1 J 
Dieldrin 2.7 J 0.50 J 
4,4'-DDE 0.64 J 0.64 J 3.6 J 
Endrin 3.5 J 8.8 37. J 1.5 J 
Endosulfanll 2.6 J 7.1 J 27. J 0.37 J 1.8 J 
4,4'-DDD 1.8 J 8.2 
Endosulfan sulfate 
4,4'-DDT ~ 
Endrin ketone 5.1 J 35. J 

Endrin aldehyde 1.9 J 3.3 J 14. J 1.8 J 

Alpha-chlordane 3.0 J 

Gamma-chlordane 



TABLE 4-3 
COMPOUNDS DETECTED IN SOIL SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 2 of 12 

SAMPLE BG-SS-N BG-SS-N ERM-2 ERM-3 GW1-SS GW1-SS GW1-SS-B3 ERM-21 ERM-24 
DEPTH 2-4' 6-8' 4-6' 4-6' 1-3' 4-6' 4-6' 4-6' 6-81 

DATE SAMPLED 4/20/94 4/20/94 7/21/94 7/21/94 4/14/94 4/14/94 4/20/94 7/22/94 7/22/94 
AREA OF CONCERN Background Background LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 Sewer Line 

Semi-VoIatUes, in ug/kg 

1,2-Dichlorobenzme 
Naphthalene 
2-Methylnaphthalene 55 J 72 J 
Acenaphthylene 36 J 870 J 54 J 
Acenaphthene 
Dibenzofuran 36 J 
Fluorene 110 J 
Pentachlorophenol 
Phenanthrene 3,300 J 110 J 1,200 J 96 J 
Anthracene 840 J 30 J 680 J 130 J 
Carbazole 630 J 240 J 55 J 
Di-n-butylphthalate 190 J 190 J 
Fluoranthene 5,200 290 J 5,600 J 890 
Pyrene 7,000 J 260 J 6,300 J 850 26 J 
Benzo(a)anthracene 3,200 J 180 J 4,300 J 870 
Chrysene 2,800 J 190 J 3,900 J 940 
bis(2-EthyIhexyl)phthalate J 190 J 
Di-n-octylphthalate J 
Benzo(b)fluoranthene 3,800 J 190 J 5,700 J 1,100 
Benzo(k)fluoranthene 2,500 J 180 J 4,000 J 590 J 
Benzo(a)pyrene 2,200 J 140 J 3,500 J 660 
Indeno(l ,2,3-cd)pyrene 1,200 J 57 J 870 J 110 J 

Dibenz(a,h)anthracene 480 J 240 J 51 J 

Benzo(gh,i)perylene 1,600 J 42 J 660 J 82 J 

SAMPLE BG-SS-N BG-SS-N ERM-2 ERM-3 GW1-SS GW1-SS GW1-SS-B3 ERM-21 ERM-24 

DEPTH 2-4' 6-8' 4-6' 4-6' 1-3' 4-6' 4-6' 4-6' 6-81 

DATE SAMPLED 4/20/94 4/20/94 7/21/94 7/21/94 4/14/94 4/14/94 4/20/94 7/22/94 7/22/94 

AREA OF CONCERN Background Background LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 Sewer Line 

-
PCBs, in ug/kg 

-

Arochlor 1248 
Arochlor 1254 
Arochlor 1260 45. 280. 

NOTES: ug/kg: Micrograms per kilogram. mg/kg: Milligrams per kilogram. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

B(organics): Compound also detected in blank. D: Concentration determined from a diluted sample. 
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SAMPLE BG-SS-N BG-SS-N ERM-2 ERM-3 GW1-SS GW1-SS GW1-SS-B3 ERM-21 ERM-24 
DEPTH 2-4' 6-81 4-6' 4-6' 1-3' 4-6' 4-6' 4-6' 6-8' 
DATE SAMPLED 4/20/94 4/20/94 7/21/94 7/21/94 4/14/94 4/14/94 4/20/94 7/22/94 7/22/94 
AREA OF CONCERN Background Background LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 Sewer Line 

Total Organic Carbon, mg/kg 600 700 43,000 640 32,000 34,000 2,700 1,100 2,900 

SAMPLE BG-SS-N BG-SS-N ERM-2 ERM-3 GW1-SS GW1-SS GW1-SS-B3 ERM-21 ERM-24 
DEPTH 2-V 6-8' 4-6' 4-6' 1-3' 4-6' 4-6' 4-6' 6-8' 
DATE SAMPLED 4/20/94 4/20/94 7/21/94 7/21/94 4/14/94 4/14/94 4/20/94 7/22/94 7/22/94 
AREA OF CONCERN Background Background LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 Sewer Line 

Metals, in mg/kg 

Aluminum 3,570.00 3,720.00 5,070.00 4,160.00 4,530.00 3,450.00 5,570.00 3,680.00 3,650.00 
Antimony 17.10 J 
Arsenic 1.00 B 3.00 3.60 J 1.10 JB 1.90 B 1.40 B 4.70 2.00 JB 1.60 JB 
Barium 22.70 B 28.00 B 61.50 39.60 B 34.70 B 34.90 B 39.80 B 41.10 34.50 B 
Beryllium 
Cadmium 2.10 J 1.40 J 
Calcium 5,850.00 7,990.00 3,130.00 12,000.00 5,970.00 9,950.00 10,400.00 11,100.00 12,300.00 
Chromium 5.50 J 7.90 J 10.90 9.00 7.80 5.30 11.10 J 7.30 7.20 
Cobalt 5.00 B 5.00 B 6.50 B 4.60 B 4.00 B 3.00 B 8.00 B 2.80 B 3.50 B 
Copper 7.60 7.70 99.10 J 10.20 J 13.40 9.90 97.90 11.10 J 9.70 J 
Iron 8,130.00 8,040.00 16,300.00 9,650.00 9,620.00 8,290.00 14,800.00 7,950.00 8,640.00 
Lead 2.90 . J 3.10 J 42.50 2.90 3.90 J 2.20 J 81.60 J 6.70 3.30 
Magnesium 3,690.00 4,420.00 2,850.00 6,230.00 4,810.00 5,520.00 6,240.00 6,250.00 5,820.00 
Manganese 171.00 143.00 220.00 J 166.00 J 113.00 142.00 239.00 121.00 J 142.00 J 
Mercury 0.14 
Nickel 5.70 B 6.00 B 10.50 7.00 B 9.70 7.20 B 10.20 6.20 B 7.80 
Potassium 777.00 B 1,010.00 B 974.00 B 1,180.00 1,140.00 1,060.00 1,020.00 B 1,230.00 1,140.00 
Selenium 0.46 JB 0.67 JB 0.44 JB 
Silver 1.50 JB 
Sodium 42.80 B 65.80 B 89.60 B 97.30 B 93.10 B 62.20 B 56.00 B 
Thallium 0.59 B 
Vanadium 7.10 B 8.60 B 16.20 12.70 12.00 11.90 13.30 9.80 12.00 
Zinc 16.20 16.70 86.20 J 21.30 J 19.40 19.60 78.70 21.40 J 20.20 J 
Cyanide 2.10 J 

NOTES: ug/kg: Micrograms per kilogram. mg/kg: Milligrams per kilogram. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

B (organics): Compound also detected in blank. D: Concentration determined from a diluted sample. 
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SAMPLE ERM-25 DC-SS-B4 DC-SS-B4 RW-SS-MW2 RW-SS-MW5 RW-SS-MW5 RW-SS-MW781 MOW-SS-B2 MOW-SS-E1 
DEPTH 4-6' 1-3' 5-7' 6-8' 1-3' 6-8' 5-7' 0-2' 0-2' 
DATE SAMPLED 7/22/94 4/13/94 4/13/94 4/13/94 4/14/94 4/14/94 4/14/94 4/12/94 4/12/94 
AREA OF CONCERN Sewer Line Dist. Ctr. Dist. Ctr. Rec. Well Rec. Well Rec. Well Rec. Well MOW MOW 

Volatile Organics, in ug/kg 
Methylene chloride 3 J 
Acetone 
Carbon disulfide 2 J 
Total 1,2-Dichloroethene 7 J 
2-Butanone 82 B 
1,1,1 -Trichloroethane 
Trichloroethene 3 J 
Benzene 160 J 8 J 20 J 
2-Hexanone 28 J 4 J 
Tetrachloroethene 6 J 
1,1,2,2-Tetrachloroethane 2 J 
Toluene 3,800 B 12 J 46 J 23 J 2 J 
Chlorobenzene 2 J 
Ethylbenzme 2,800 43 J 770 760 3 J 
Total Xylenes 39,000 140 J 3,700 D 530 

SAMPLE ERM-25 DC-SS-B4 DC-SS-B4 RW-SS-MW2 RW-SS-MW5 RW-SS-MW5 RW-SS-MW781 MOW-SS-B2 MOW-SS-E1 
DEPTH 4-6' 1-3' 5-7' 6-8' 1-3' 6-8' 5-7' 0-2' 0-2' 
DATE SAMPLED 7/22/94 4/13/94 4/13/94 4/13/94 4/14/94 4/14/94 4/14/94 4/12/94 4/12/94 
AREA OF CONCERN Sewer Line Dist. Ctr. Dist. Ctr. Rec. Well Rec. Well Rec. Well Rec. Well MOW MOW 

Pesticides, in ug/kg 
Alpha-BHC 2.0 0.53 J 

Beta-BHC 
Gamma-BHC 1.6- J 2.3 J 
Heptachlor 4.4 J 
Aldrin 
Heptachlor Epoxide 6.0 J 2.1 J 2.8 J 1.3 J 

EndosulfanI 1.9 J 1.0 J 0.96 J 

Dieldrin 45. J 0.73 J 

4,4'-DDE 16. 3.7 0.24 J 

Endrin 14. 11 J 19. J 3.5 J 2.7 J 

Endosulfanll 17. J 10. 3.3 J 23. J 6.5 J 5.1 J 0.53 J 

4,4'-DDD 2.6 J 1.9 J 4.1 J 1.1 J 

Endosulfan sulfate 
4,4'-DDT 1.7 J 3.7 

Endrin ketone 4.6 J 15. J 0.69 J 

Endrin aldehyde 85. 12. J 2.2 J 

Alpha-chlordane 
Gamma-chlordane 
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SAMPLE ERM-25 DC-SS-B4 DC-SS-B4 RW-SS-MW2 RW-SS-MW5 RW-SS-MW5 RW-SS-MW781 MOW-SS-B2 MOW-SS-E1 
DEPTH 4-6' 1-3' 5-7' 6-8' 1-3' 6-8' 5-7' 0-2' 0-2' 
DATE SAMPLED 7/22/94 4/13/94 4/13/94 4/13/94 4/14/94 4/14/94 4/14/94 4/12/94 4/12/94 
AREA OF CONCERN Sewer Line Dist. Ctr. Dist. Ctr. Rec. Well Rec. Well Rec. Well Rec. Well MOW MOW 

Seml-Volatiles, in ug/kg 
1,2-Dichlorobenzene 200 J 
Naphthalene 1,600 J 150 J 9,900 2,200 1,100 J 63 J 
2-Methyhaphthalene 2,700 J 210 J 34,000 170 J 5,300 6,400 180 J 51 J 
Acenaphthylene 270 J 
Acenaphthene 160 J 43 J 
Dibenzofuran 820 J 60 J 1,400 J 580 J 71 J 
Fluorene 2,600 J 43 J 
Pentachlorophenol 8,000 
Phenanthrene 2,600 J 150 J 7,400 260 J 2,700 600 J 35 J 46 J 
Anthracene 380 J 1,500 J 160 J 260 J 42 J 
Carbazole J 200 J 
Di-n-butylphthalate 94 J 140 J 220 J 
Fluoranthene 1,500 J 45 J 360 J 28 J 
Pyrene 2,100 J 43 J 1,000 J 310 J 240 J 370 J 68 J 58 J 
Benzo(a)anthracene 800 J 37 J 140 J 
Chrysene 910 J 48 J 230 J 
bis(2-EthyIhexyl)phthalate 45 J 65 J 
Di-n-octy]phthalate 530 J 
Benzo(b)Quoranthene 1,000 J 31 J 300 J 
Benzo(k)fluoranthene 570 J 250 J 
Benzo(a)pyrene 92 J 
Indeno(l ,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g£i,i)perylene 

SAMPLE ERM-25 DC-SS-B4 DC-SS-B4 RW-SS-MW2 RW-SS-MW5 RW-SS-MW5 RW-SS-MW781 MOW-SS-B2 MOW-SS-E1 

DEPTH 4-6' 1-3' 5-7' 6-8' 1-3' 6-8' 5-7' 0-2' 0-2' 

DATE SAMPLED 7/22/94 4/13/94 4/13/94 4/13/94 4/14/94 4/14/94 4/14/94 4/12/94 4/12/94 

AREA OF CONCERN Sewer Line Dist. Ctr. Dist. Ctr. Rec. Well Rec. Well Rec. Well Rec. Well MOW MOW 

PCBs, In ug/kg 
Arochlor 1248 65. 

Arochlorl254 
Arochlor 1260 5.2 J 220. 33. J 26. J 

NOTES: ug/kg: Micrograms per kilogram. mg/kg: Milligrams per kilogram. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

B(organics): Compound also detected in blank. D: Concentration determined from a diluted sample. 
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SAMPLE ERM-25 DC-SS-B4 DC-SS-B4 RW-SS-MW2 RW-SS-MW5 RW-SS-MW5 RW-SS-MW781 MOW-SS-B2 MOW-SS-E1 
DEPTH 4-6' 1-3' 5-7' 6-8' 1-3' 6-8' 5-7' 0-2' 0-2' 
DATE SAMPLED 7/22/94 4/13/94 4/13/94 4/13/94 4/14/94 4/14/94 4/14/94 4/12/94 4/12/94 
AREA OF CONCERN Sewer Line Dist. Ctr. Dist. Ctr. Rec. Well Rec. WeU Rec. WeU Rec. Well MOW MOW 

Total Organic Carbon, mg/kg 92,000 180,000 900 1,000 200,000 2,400 8,400 4,100 2,200 

SAMPLE ERM-25 DC-SS-B4 DC-SS-B4 RW-SS-MW2 RW-SS-MW5 RW-SS-MW5 RW-SS-MW781 MOW-SS-B2 MOW-SS-E1 
DEPTH 4-6' 1-3' , 5-7' 6-8' 1-3' 6-8' 5-7' 0-2' 0-2' 
DATE SAMPLED 7/22/94 4/13/94 4/13/94 4/13/94 4/14/94 4/14/94 4/14/94 4/12/94 4/12/94 
AREA OF CONCERN Sewer Line Dist. Ctr. Dist. Ctr. Rec. Well Rec. WeU Rec. WeU Rec. WeU MOW MOW 

Metals, in mg/kg 
Aluminum 3,560.00 2,740.00 3,090.00 3,380.00 4,650.00 6,600.00 4,890.00 8,200.00 J 10,200.00 J 
Antimony 33.50 J 31.60 J J 14.00 J 
Arsenic 6.30 J 9.00 0.59 JB 1.10 JB 6.60 1.60 B 1.90 B 5.40 J 3.10 J 
Barium 38.20 93.20 28.40 B 26.70 B 69.40 29.50 B 31.30 B 40.00 B 33.80 B 
Beryllium 0.06 B 0.28 B 0.40 B 
Cadmium 1.00 JB 1.40 J 2.80 J 1.90 J 
Calcium 9,540.00 974.00 B 7,890.00 7,400.00 62,200.00 2,180.00 1,810.00 18,900.00 J 13,900.00 J 
Chromium 16.00 9.30 4.90 5.70 15.50 9.00 8.40 15.80 J 8.30 J 
Cobalt 4.40 B 4.20 B 3.70 B 3.60 B 5.60 B 4.90 B 5.40 B 7.20 B 7.00 B 

Copper 61.10 J 16.90 8.20 9.90 32.20 10.30 13.20 38.70 21.10 

Iron 14,200.00 39,300.00 7,520.00 7,820.00 18,600.00 12,200.00 9,340.00 22,000.00 23,200.00 

Lead 357.00 J 14.20 J 2.30 J 2.50 J 98.30 J 6.00 J 16.70 J 44.70 J 10.80 
Magnesium 5,000.00 557.00 B 4,460.00 4,440.00 4,830.00 2,710.00 2,500.00 11,100.00 J 10,800.00 J 

Manganese 198.00 J 46.80 154.00 147.00 140.00 160.00 147.00 347.00 J 713.00 J 

Mercury 0.20 J 0.12 J 

Nickel 6.80 B 7.30 B 6.20 B 7.50 B 17.10 11.00 7.50 B 9.90 14.80 

Potassium 880.00 B 313.0.0 B 868.00 B 992.00 B 919.00 B 840.00 B 1,050.00 B 1,010.00 B 858.00 B 

Selenium 0.47 JB 0.79 JB 0.47 JB 
Silver 
Sodium 564.00 B 205.00 B 115.00 B 167.00 B 91.90 B 278.00 B 2,500.00 604.00 B 

Thallium 0.51 JB 
Vanadium 11.20 15.70 7.90 B 9.40 B 14.10 14.10 12.80 14.60 13.90 

Zinc 30.60 J 24.50 13.90 17.70 75.30 20.50 24.60 69.20 J 53.30 J 

Cyanide 

NOTES: ug/kg: Micrograms per kilogram. mg/kg: Milligrams per kilogram. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

B (organics): Compound also detected in blank. D: Concentration determined from a diluted sample. 
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SAMPLE MOW-SS-W1 FA-SS-MW2 FA-SS-MW5 FA-SS-MW6 FA-SS-MW9 MGT-SS-B1 MGT-SS-B2 GW5-B3-SS GW5-SS-N 
DEPTH 0-2' 2-4' 0-2' 0-2' 4-6" 1-3' 1-3' 2-4' 0-2' 
DATE SAMPLED 4/12/94 4/14/94 4/12/94 4/12/94 4/20/94 4/14/94 4/14/94 4/13/94 4/13/94 
AREA OF CONCERN MOW Fueling Pad Fueling Pad Fueling Pad Fueling Pad Mil. Gal. Tank Mil. Gal. Tank LMS-GW5 LMS-GW5 

Volatile Organlcs, in ug/kg 
Methylene chloride 
Acetone 120 B 
Carbon disulfide 2 J 2 J 
Total 1,2-Dichloroethene 
2-Butanone 
1,1,1 -Trichloroethane 
Trichloroethene 
Benzene 210 J 51 J 
2-Hexanone 
Tetrachloroethene 

1,1,2,2-Tetrachloroethane 1 J 
Toluene 130 J 1,300 JD 2 J 2 J 
Chlorobenzene 
Ethylbenzene 1,800 D 2,300 D 
Total Xylenes 10,000 D 18,000 D 5 J 4 J 

SAMPLE MOW-SS-W1 FA-SS-MW2 FA-SS-MW5 FA-SS-MW6 FA-SS-MW9 MGT-SS-B1 MGT-SS-B2 GW5-B3-SS GW5-SS-N 
DEPTH 0-2' 2-4' 0-2' 0-2' 4-6' 1-3' 1-3' 2-4' 0-2' 
DATE SAMPLED 4/12/94 4/14/94 4/12/94 4/12/94 4/20/94 4/14/94 4/14/94 4/13/94 4/13/94 
AREA OF CONCERN MOW Fueling Pad Fueling Pad Fueling Pad Fueling Pad Mil. Gal. Tank Mil. Gal. Tank LMS-GW5 LMS-GW5 

Pesticides, in ug/kg 
Alpha-BHC 1.2 J 4.2 J 1.2 J 
Beta-BHC 
Gamma-BHC 10. J 3.4 J 1.7 J 1.2 J 2.9 J 

Heptachlor 1.3 J 
Aldrin 7.1 J 7.5 J 
Heptachlor Epoxide 12 J 2.7 2.0 J 1.4 J 3.7 J 

EndosulfanI 0.77 J 

Dieldrin 0.52 J 22. J 45. J 0.52 J 

4,4'-DDE 1.0 J 0.95 J 0.98 J 

Endrin 13. J 56. J 3.2 J 17 J 16. J 12. J 37.,, J 

Endosulfanll 0.74 J 0.58 J 18. J 54. J 1.7 J 11 J 13. J 10. J 28. 

4,4'-DDD 3.3 J 1.1 J 2.6 J 0.56 J 5.9 

Endosulfan sulfate 6.9 J 

4,4'-DDT 14. J 23. J 2.4 J 3.1 J 2.4 J 9.4 J 

Endrin ketone 1.2 J 7.0 J 6.1 J 3.9 J 5.1 J 

Endrin aldehyde 37. J 3.5 J 4.0 J 2.2 J 

Alpha-chlordane 3.8 J 

Gamma-chlordane 10. 1.3 J 0.47 J 3.4 0.39 J 
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SAMPLE MOW-SS-W1 FA-SS-MW2 FA-SS-MW5 FA-SS-MW6 FA-SS-MW9 MGT-SS-B1 MGT-SS-B2 GW5-B3-SS GW5-SS-N 
DEPTH 0-2' 2-4' . 0-2' 0-2' 4-6' 1-3' 1-3' 2-4' 0-2' 
DATE SAMPLED 4/12/94 4/14/94 4/12/94 4/12/94 4/20/94 4/14/94 4/14/94 4/13/94 4/13/94 
AREA OF CONCERN MOW Fueling Pad Fueling Pad Fueling Pad Fueling Pad Mil Gal. Tank Mil. Gal. Tank LMS-GW5 LMS-GW5 

Semi-Volatiles, in ug/kg 
1,2-DichlorobenzEne 
Naphthalene 17,000 27,000 360 J 280 J 310 J 
2-Methylnaphthalene 49,000 96,000 22,000 560 J 660 J 560 JD 440 
Acenaphthylene 150 J 150 J 210 J 
Acenaphthene 3,000 J 2,900 J 540 J 260 J 190 J 1,500 JD 
Dibenzofuran 7,200 J 960 J 250 J 140 J 930 JD 150 J 
Fhiorene 10,000 12,000 J 490 J 300 J 3,200 JD 
Pentachlorophenol 
Fhenanthrene 26 J 10,000 25,000 6,600 880 730 5,300 JD 650 
Anthracene 1,900 J 760 J 290 J 370 J 1,100 JD 170 J 
Carbazole 1,800 J 3,400 J 130 J 160 J 130 J 
Di-n-butylphthalate 360 210 J 170 J 71 J 
Fluoranthene 1,800 J 2,200 J 1,100 1,400 730 JD 1,200 
Pyrene 3,100 J 4,900 J 510 J 720 J 970 760 JD 1,100 
Benzo(a)anthracene 520 J 460 J 760 740 
Chrysene 790 J 460 J 630 J 690 
bis(2-Ethyniexyl)phthalate • 60 J 
Di-n-octylphthalate 
Benzo(b)fluoranthene 520 J 1,200 1,100 
Benzo(k)fluoranthene 360 J 810 800 
Benzo(a)pyrene -- -" 350 J 680 J 550 
Indeno(l ,2,3-cd)pyrene 180 J 160 J 130 J 
Dibenz(aJi)anthracene 72 J 52 J 43 J 
Benzo(gJi,i)perylene 120 J 110 J 160 J 

SAMPLE MOW-SS-W1 FA-SS-MW2 FA-SS-MW5 FA-SS-MW6 FA-SS-MW9 MGT-SS-B1 MGT-SS-B2 GW5-B3-SS GW5-SS-N 

DEPTH 0-2' 2-4' 0-2' 0-2' 4-6' 1-3' 1-3' 2-4' 0-2' 

DATE SAMPLED 4/12/94 4/14/94 4/12/94 4/12/94 4/20/94 4/14/94 4/14/94 4/13/94 4/13/94 

AREA OF CONCERN MOW Fueling Pad Fueling Pad Fueling Pad Fueling Pad Mil. Gal. Tank Mil. Gal. Tank LMS-GW5 LMS-GW5 

PCBs, In ug/kg 
Arochlor 1248 29. J 

Arochlorl254 27. J 81. 
Arochlor 1260 15. J 29. J 23. J 8.5 J 7.6 J 

NOTES: ug/kg: Micrograms per kilogram. mg/kg: Milligrams per kilogram. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

B (organics): Compound also detected in blank. D: Concentration determined from a diluted sample. 
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SAMPLE MOW-SS-W1 FA-SS-MW2 FA-SS-MW5 FA-SS-MW6 FA-SS-MW9 MGT-SS-B1 MGT-SS-B2 GW5-B3-SS GW5-SS-N 
DEPTH 0-2' 2-4' 0-2' 0-2' 4-6' 1-3' 1-3' 2-4' 0-2' 
DATE SAMPLED 4/12/94 4/14/94 4/12/94 4/12/94 4/20/94 4/14/94 4/14/94 4/13/94 4/13/94 
AREA OF CONCERN MOW Fueling Pad Fueling Pad Fueling Pad Fueling Pad Mil. Gal. Tank Mil. Gal. Tank LMS-GW5 LMS-GW5 

Total Organic Carbon, mg/kg 3,800 1,700 36,000 230,000 1,600 41,000 110,000 12,000 330,000 

SAMPLE MOW-SS-W1 FA-SS-MW2 FA-SS-MW5 FA-SS-MW6 FA-SS-MW9 MGT-SS-B1 MGT-SS-B2 GW5-B3-SS GW5-SS-N 
DEPTH 0-2' 2-4' 0-2' 0-2' 4-6' 1-3' 1-3' 2A' 0-2' 
DATE SAMPLED 4/12/94 4/14/94 4/12/94 4/12/94 4/20/94 4/14/94 4/14/94 4/13/94 4/13/94 
AREA OF CONCERN MOW Fueling Pad Fueling Pad Fueling Pad Fueling Pad Mil. Gal. Tank Mil. Gal. Tank LMS-GW5 LMS-GW5 

Metals, in mg/kg 
Aluminum 7,550.00 J 4,880.00 6,800.00 J 3,390.00 J 4,100.00 7,320.00 9,170.00 6,960.00 3,900.00 
Antimony 15.10 J 13.10 J 12.60 JB 33.00 J 
Arsenic 6.40 J 1.50 JB 2.70 J 5.60 J 1.50 B 7.80 5.20 5.40 92.30 
Barium 42.00 30.50 B 42.10 58.10 32.30 B 67.20 97.00 48.30 85.20 
Beryllium 0.22 B 0.24 B 0.22 B 0.37 B 
Cadmium 1.00 J 2.30 J 1.30 J 2.44 J 1.29 J 1.90 J 1.50 J 
Calcium 9,880.00 J 5^50.00 15,900.00 J 39,700.00 J 10,800.00 5,950.00 5,770.00 4,790.00 5,790.00 
Chromium 17.30 J 10.50 6.60 J 17.20 J 10.40 J 16.30 18.50 11.80 14.10 
Cobalt 6.50 B 3.90 B 6.40 B 4.60 B 6.20 B 7.40 B 8.00 B 5.50 B 5.20 B 
Copper 42.10 12.90 26.80 56.50 9.60 44.50 32.30 20.50 105.00 
Iron 25,800.00 11,600.00 12,700.00 16,100.00 9,400.00 17,900.00 19,200.00 16,000.00 28,700.00 
Lead 73.10 7.10 J 27.80 143.00 J 2.30 J 54.10 J 77.90 J 42.90 J 163.00 J 

Magnesium 5,480.00 J 4,650.00 8,060.00 J 17,200.00 J 5,660.00 5,360.00 5,990.00 4,250.00 921.00 B 
Manganese 253.00 J 210.00 238.00 ' J 124.00 J 236.00 210.00 269.00 194.00 162.00 

Mercury 0.18 J 0.23 J 0.90 J 0.21 J 

Nickel 11.10 8.90 6.20 B 7.70 B 7.00 B 16.10 18.90 13.70 11.60 

Potassium 844.00 B 1,010.00 B 877.00 B 748.00 B 1,180.00 B 2,540.00 3,060.00 1,880.00 763.00 B 

Selenium 0.55 JB 0.45 JB 0.82 JB 0.66 JB 1.60 

Silver 
Sodium 239.00 B 87.40 B 306.00 B 115.00 B 106.00 B 166.00 B 194.00 B 148.00 B 393.00 B 

Thallium 0.64 JB 0.87 JB 0.56 JB 0.75 JB 

Vanadium 16.90 13.50 11.90 11.20 10.10 B 21.30 26.60 17.30 24.10 

Zinc 70.90 J 23.70 148.00 J 136.00 J 18.90 65.40 92.70 51.90 78.80 

Cyanide 

NOTES: ug/kg: Micrograms per kilogram. mg/kg: Milligrams per kilogram. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

B (organics): Compound also detected in blank. D: Concentration determined from a diluted sample. 



TABLE 4-3 
COMPOUNDS DETECTED IN SOIL SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 10 of 12 

SAMPLE ERM-20 SS-OP-1 SS-OP-2 SS-OP-4/5 SS-OP-8 OF-TP-1 OF-TP-2 OF-TP-3 
DEPTH 4-6' 0-2' 0-2' 0-2' 0-2' 3-5' 1.5-3' 1-1.5' 
DATE SAMPLED 7/22/94 4/11/94 4/11/94 4/11/94 4/20/94 4/14/94 4/14/94 4/14/94 
AREA OF CONCERN LMS-GW5 Osborne Pond Osborne Pond Osborne Pond Osborne Pond Outfall Outfall Outfall 

Volatile Organics, In ug/kg 
Methylene chloride 
Acetone 
Carbon disulfide 3 J 
Total 1,2-Dichloroethene 
2-Butanone 
1,1,1 -Trichloroethane 
Trichloroethene 
Benzene 6 J 
2-Hexanone 

Tetrachloroethene 

1,1,2,2-Tetraduoroethane 

Toluene 16 J 8 J 4 J 2 J 
Chlorobenzene 
Ethylbenzene 160 
Total Xylenes 210 58 JB 7 J 

SAMPLE ERM-20 SS-OP-1 SS-OP-2 SS-OP-4/5 SS-OP-8 OF-TP-1 OF-TP-2 OF-TP-3 
DEPTH 4-6' 0-2' 0-2' 0-2' 0-2' 3-5' 1.5-3' 1-1.5' 

DATE SAMPLED 7/22/94 4/11/94 4/11/94 4/11/94 4/20/94 4/14/94 4/14/94 4/14/94 

AREA OF CONCERN LMS-GW5 Osborne Pond Osborne Pond Osborne Pond Osborne Pond Outfall Outfall Outfall 

Pestiddes, in ug/kg 
Alpha-BHC 5.3 J 2.4 J 3.6 J 2.1 J 0.60 J 
Beta-BHC 
Gamma-BHC 9.7 J 8.7 J 1.8 J 0.61 J 2.3 J 
Heptachlor 0.31 J 
Aldrin 15. J 6.5 J 5.3 J 3.9 J 0.53 J 

Heptachlor Epoxide 13. J 1.7 J 1.2 J 1.2 J 2.6 1.7 J 2.4 J 

Endosulfanl 12.0 J 2.9 J 

Dieldrin 35. J 8.0 J 

4,4'-DDE 0.91 J 
Endrin 89. J 14. J 9.0 J 53. J 12. J 7.1 J 22. J 
Endosulfanll 120. J 53. J 35. J 20. J 13. 15 J 
4,4'-DDD 12. J 11. J 15. 1.6 J 1.9 J 

Endosulfan sulfate 
4,4'-DDT 27. J 29. J 14. J 3.8 J 4.9 J 

Endrin ketone 4.7 J 5.4 J 12. J 
Endrin aldehyde 38. J 5.1 J 10. J 
AJpha-chlordane 
Gamma-chlordane 4.6 3.9 0.49 J 



TABLE 4-3 
COMPOUNDS DETECTED IN SOIL SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 11 of 12 

SAMPLE ERM-20 SS-OP-1 SS-OP-2 SS-OP-4/5 SS-OP-8 OF-TP-1 OF-TP-2 OF-TP-3 
DEPTH 4-6' 0-2' 0-2' 0-2' 0-2' 3-5' 1.5-3' 1-1.5' 
DATE SAMPLED 7/22/94 4/11/94 4/11/94 4/11/94 4/20/94 4/14/94 4/14/94 4/14/94 
AREA OF CONCERN LMS-GW5 Osborne Pond Osborne Pond Osborne Pond Osborne Pond Outfall Outfall Outfall 

Semf-Volaules, in ug/kg 
1,2-Dichlorobenzene 
Naphthalene 2,200 J 1,800 J 120 J 140 J 300 J 
2-Methylnaphthalene 31,000 5,000 J 880 J 41,000 160 J 320 J 430 
Acenaphthylene 93 J 200 J 
Acenaphthene 2,400 J 600 J 2,500 J 5,200 J 310 J 84 J 28 J 
Dibenzofuran 2,500 J 1,000 J 1,600 J 2,400 J 150 J 140 J 150 J 
Fluorene 190 J 
Pentachlorophenol 
Phenanthrene 9,900 4,000 J 6,000 J 19,000 570 J 330 J 570 
Anthracene 2,000 J 1,900 J 1,200 J 2,800 J 160 J 140 J 150 J 
Carbazole 37 J 220 J 
Di-n-butylphthalate 93 J 160 J 240 J 
Fluoranthene 3,600 J 1,400 J 380 J 300 J 940 
Pyrene 3,200 J 1,500 J 2,600 J 1,500 J 320 J 180 J 1,000 
Benzo(a)anthracene 510 J 780 J 120 J 160 J 700 
Chrysene 890 J 960 J 660 J 160 J 160 J 710 
bis(2-Ethylhexyl)phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 150 J 210 J 1,100 
Benzo(k)fluoranthene 140 J 170 J 1,100 
Benzo(a)pyrene 110 J 140 J 520 
Ihdeno(l ,2,3-cd)pyrene 490 J 85 J 100 J 200 J 
Dibenz(ai)antbracene 35 J 51 J 

Benzo(g&i)Perylme 
„ 70 J 77 J 170 J 

SAMPLE ERM-20 SS-OP-1 SS-OP-2 SS-OP^t/5 SS-OP-8 OF-TP-1 OF-TP-2 OF-TP-3 

DEPTH 4-6' 0-2' 0-2' 0-2' 0-2' 3-5' 1.5-3' 1-1.5' 

DATE SAMPLED 7/22/94 4/11/94 4/11/94 4/11/94 4/20/94 4/14/94 4/14/94 4/14/94 

AREA OF CONCERN LMS-GW5 Osborne Pond Osborne Pond Osborne Pond Osborne Pond Outfall Outfall Outfall 

PCBs, In ug/kg 
Arochlor 1248 
Arochlor 1254 
Arochlor 1260 56. 24. J 45. 38. J 18. J 11. J 

NOTES: ug/kg: Micrograms per kilogram. mg/kg: Milligrams per kilogram. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

B (organics): Compound also detected in blank. D: Concentration determined from a diluted sample. 



TABLE 4-3 
COMPOUNDS DETECTED IN SOIL SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 12 of 12 

SAMPLE ERM-20 SS-OP-1 SS-OP-2 SS-OP-4/5 SS-OP-8 OF-TP-1 OF-TP-2 OF-TP-3 
DEPTH 4-6' 0-2' 0-2' 0-2' 0-2' 3-5' 1.5-3' 1-1.5' 
DATE SAMPLED 7/22/94 4/11/94 4/11/94 4/11/94 4/20/94 4/14/94 4/14/94 4/14/94 
AREA OF CONCERN LMS-GW5 Osborne Pond Osborne Pond Osborne Pond Osborne Pond Outfall Outfall Outfall 

Total Organic Carbon, mg/kg 2,800 160,000 310,000 630,000 56,000 37,000 21,000 99,000 

SAMPLE ERM-20 SS-OP-1 SS-OP-2 SS-OP-4/5 SS-OP-8 OF-TP-1 OF-TP-2 OF-TP-3 
DEPTH 4-6' 0-2' 0-2' 0-2' 0-2' 3-5' 1.5-3' 1-1.5' 
DATE SAMPLED 7/22/94 4/11/94 4/11/94 4/11/94 4/20/94 4/14/94 4/14/94 4/14/94 
AREA OF CONCERN LMS-GW5 Osborne Pond Osborne Pond Osborne Pond Osborne Pond Outfall Outfall Outfall 

Metals, In mg/kg 
Aluminum 8,410.00 6,360.00 J 2,870.00 J 5,670.00 J 4,290.00 8,370.00 5,160.00 6,270.00 
Antimony 25.50 J 32.40 
Arsenic 17.00 J 13.40 J 6.20 J 5.80 J 10.30 6.70 6.30 13.90 
Barium 90.10 89.50 58.90 72.00 49.70 57.50 36.20 B 91.50 
Beryllium 0.21 B 0.25 B 0.20 B 0.18 B 
Cadmium 5.80 J 1.70 J 1.60 J 2.40 J 
Calcium 5,700.00 8,100.00 J 853.00 J 8,150.00 J 34,900.00 7,160.00 3,160.00 5,580.00 
Chromium 20.60 16.30 J 5.60 J 13.20 J 10.30 J 13.00 7.10 19.00 
Cobah 8.40 B 8.10 B 1.90 B 7.50 B 5.40 B 7.60 B 5.20 B 6.60 B 
Copper 55.10 J 79.20 36.20 153.00 38.70 39.20 47.60 258.00 
Iron 29,000.00 31,300.00 20,700.00 26,200.00 21,200.00 19,300.00 13,900.00 34,500.00 
Lead 71.20 J 367.00 J 26:40 J 231.00 J 23.10 J 88.80 J 127.00 J 1,110.00 J 
Magnesium 5,590.00 4,670:00 J 199.00 JB 4,620.00 J 10,700.00 5,600.00 3,380.00 2,930.00 
Manganese 215.00 J 244.00 J 20.30 J 180.00 J 140.00 357.00 199.00 326.00 
Mercury 0.16 J 0.13 J 0.16 J 0.13 J 
Nickel 14.20 14.60 9.10 B 9.60 11.50 17.30 8.10 B 22.40 
Potassium 3,660.00 962.00 B 246.00 B 1,160.00 898.00 B 2,160.00 1,160.00 1,350.00 

Selenium 0.47 JB 0.63 JB 

Silver 1.60 JB 

Sodium 125.00 B 147.00 B 70.00 B 61.40 B 139.00 B 109.00 B 77.00 B 157.00 B 

Thallium 0.90 JB 0.84 JB 

Vanadium 29.30 15.50 10.90 B 18.30 14.00 18.40 10.50 B 23.70 

Zinc 79.70 J 2,120.00 J 22.70 J 108.00 J 27.50 73.50 96.50 346.00 

Cyanide 

NOTES: ug/kg: Micrograms per kilogram. mg/kg: Milligrams per kilogram. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

B (organics): Compound also detected in blank. D: Concentration determined from a diluted sample. 



TABLE 4-4 
SUMMARY OF GRAIN SIZE ANALYSES 

METRO-NORTH HARMON YARD 

AREA OF 
CONCERN 

SAMPLE 
LOCATION 

DEPTH 
(feet) 

WEIGHT 
PERCENT 
COARSER 

THAN 75 mm 

WEIGHT 
PERCENT 
GRAVEL 

WEIGHT 
PERCENT 

SAND 

WEIGHT 
PERCENT 

SILT 

WEIGHT 
PERCENT 

CLAY 
TOTAL 

Background ERM-1 Composite 0.0 0.5 92.1 7.4 100 
LMS-GW1 LMS-GW1-B2 5-7 0.0 0.0 62.7 37.3 100 

Electric Shop ES-B1 5-7 0.0 0.0 51.7 48.3 100 
Distribution Center DC-B4 7-9 0.0 0.0 97.2 2.8 100 
Recovery Well Area EQ-Bl 7-9 0.0 0.2 94.8 5.0 100 

Croton Point 
Avenue Bridge CAB-2 0-2 0.0 0.0 98.2 1.8 100 

Maintenance-of-Way 
Building MOW-B1 3-5 0.0 9.7 83.2 7.1 100 

Locomotive 
Fueling Pad 

Fueling 
Pad Composite 0.0 35.0 41.8 19.4 3.8 100 

Former Million 
Gallon Tank MGT-B1 1-3 0.0 20.0 61.3 18.7 100 

Osborne Pond OP-2 0-2 0.0 15.1 74.3 10.6 100 
LMS-GW5 LMS-GW5-B2 0-2 0.0 29.3 58.4 12.3 100 

Old Oil/Water 
Separator OWS-B2 Composite 0.0 38.8 48.9 12.3 100 
Outfall OF-B1 1-3 0.0 15.1 71.4 13.5 100 



follow, and are presented on the figures referenced in those sections. These 

figures also show the NAPL thickness contours of 8 August 1994, for 

reference. 

BACKGROUND 

To evaluate background conditions, two soil samples were collected from the 

boring for monitoring well ERM-1, located at the north end of the Yard (see 

Figure 4-1). The sampled depths were one to three feet below grade and four 

to six feet below grade. The indicator data for these samples are presented on 

Figure 4-1. As shown, the concentrations for the indicator groups all 

nondetectable. 

Additional soil samples were collected during the installation of monitoring 

wells ERM-22 and ERM-23, which were installed to assess background ground 

water quality. At each boring, the sample collected immediately above the 

water table was analyzed using the HNu-Hanby test kit. The results of these 

analyses showed that neither of these locations had been impacted by 

petroleum. 

MONITORING WELL LMS-GW1 

A total of six soil samples were analyzed from this AEC. Sample locations 

and results are shown on Figure 4-1. At location GW1-SS, samples were 

collected from depths of one to three feet and four to six feet below grade. 

This boring, located between well LMS-GW1 and temporary well LMS-GW1-

Bl, was inferred to be within the area of NAPL, so two samples were 

collected. The shallow sample contained naphthalenes at a concentration of 55 

micrograms per kilogram (ug/kg), PAHs at 880 ug/kg, and PCBs at 45 ug/kg. 

BTEX was undetected in the shallow horizon. In the deeper sample, BTEX 

was detected at 298 ug/kg, the naphthalenes were undetected, PAHs were 

found at 21,460 ug/kg, and the PCB concentration was 280 ug/kg. These 
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results suggest a minimal impact in this area. The higher BTEX and PAH 

concentrations in the deeper sample, collected just above the water table, may 

be the result of ground water fluctuations. 

The four to six foot interval was also sampled in boring LMS-GW1-B3, 

located between the fire tanks, and monitoring well ERM-21, which replaced 

LMS-GW1. Of the indicator parameters, only PAHs were detected in 

LMS-GW1-B3, at 4,211 ug/kg. The soil sample from ERM-21 contained 

naphthalenes at 72 ug/kg; the other indicators were not detected. 

During construction activities, two areas that contained buried locomotive oil 

filters were discovered by Metro-North. The approximate locations of these 

areas are shown on Figure 4-1. The filters and surrounding visually impacted 

soil were excavated for proper disposal by Metro-North and its contractors. It 

is thought that the buried oil filters were the source of the NAPL detected in 

LMS-GW1. In order to evaluate the soil and ground water quality around the 

filter areas, monitoring wells ERM-2 and ERM-3 were installed. A soil 

sample was collected at each location, from the four to six foot horizon. No 

indicators were detected in the sample from ERM-3. In ERM-2, only PAHs 

were found, at a concentration of 14,980 ug/kg. The ground water quality in 

these wells is discussed in Section 5.0. 

4.6 ELECTRIC SHOP 

As shown on Figure 4-2, one soil sample was collected from each of the 

monitoring wells (ERM-24, ERM-25) installed around the sewer line that runs 

from the Electric Shop to the WWTP. Each sample was collected at a depth 

of four to six feet below grade. Neither BTEX nor PCBs were detected at 

either location. Naphthalenes and PAHs were non-detectable at ERM-24, but 

were found at ERM-25. The concentrations at ERM-25 were 4,300 ug/kg and 

3,280 ug/kg, respectively. 
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DISTRIBUTION CENTER WAREHOUSE 

Two soil samples were collected from one boring (DC-SS-B4) installed at the 

southeast corner of the Distribution Center warehouse. This location was 

sampled because it was the former location of an UST that contained gasoline. 

Sampled depths were one to three feet below grade and five to seven feet 

below grade. The boring's location is shown on Figure 4-2. 

The analytical results for the indicator chemicals are summarized on Figure 

4-2. No BTEX or PCBs were detected at either depth. Naphthalenes and 

PAHs were only detected at the one to three-foot horizon, at concentrations of 

360 ug/kg and 116 ug/kg, respectively. 

RECOVERY WELL AREA 

Four samples were collected from three borings within this AEC, which was 

thought to have been impacted by a pipe leak in 1989 (as described in Section 

1.3.3). Boring locations are shown on Figure 4-2. Two of these borings, 

RW-SS-MW2 and RW-SS-MW781, were installed outside of the area impacted 

by NAPL. One sample was collected from each of these borings. Two 

samples were collected from boring RW-SS-MW5, which was installed within 

the area impacted by the leak. 

As shown on Figure 4-2, the three samples collected near the water table 

contained concentrations of BTEX ranging from 4,516 ug/kg 45,760 mg/kg 

and concentrations naphthalenes ranging from 7,500 ug/kg to 43,900 ug/kg. 

Minor concentrations of PCBs (5.2 ug/kg to 33 ug/kg) were detected in two of 

these deeper samples, and PAHs were not found in any of the them. The 

shallow sample in RW-SS-MW5 contained 203 ug/kg of BTEX and 170 ug/kg 

of naphthalenes; concentrations which were much lower than those found in 

the deeper samples. The concentrations of PAHs and PCBs were higher in the 
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shallow sample from RW-55-MW5, but were still relatively low, at 1,012 

ug/kg and 285 ug/kg, respectively. 

4.9 MAINTENANCE-OF-WAY BUILDING 

Three shallow soil samples were collected at locations east of the Maintenance-

of-Way Building. The borings, shown on Figure 4-3, were installed around 

the fuel line that ran from the fueling pad area to the Electric Shop, through 

the Recovery Well Area, and in the vicinity of the aboveground waste oil tank 

that was once located in this area. 

A total BTEX concentration of 5 ug/kg was detected in MOW-SS-B2. BTEX 

was not detected in either of the other samples. Naphthalenes were detected in 

MOW-SS-B2 at a concentration of 243 ug/kg and MOW-SS-E1 at a 

concentration of 51 ug/kg. No PAHs were found in either sample. Trace 

concentrations of PCBs were detected in MOW-SS-B2 (26 ug/kg) and in 

MOW-SS-W1 (15 ug/kg). 

4.10 LOCOMOTIVE FUELING PAD 

Three surface samples and one deeper sample were collected from within this 

area (Figure 4-3). In the surface sample from FA-SS-MW2, all indicator 

parameters were undetected. The other two surface samples (FA-SS-MW5 and 

FA-SS-MW6) contained concentrations of BTEX that ranged from 12,140 

ug/kg to 21,651 ug/kg and concentrations of naphthalenes that ranged from 

66,000 ug/kg to 123,000 ug/kg, respectively. Trace concentrations of PCBs 

were also detected in these samples, at concentrations of 27 ug/kg and 81 

ug/kg, respectively. PAHs were only detected in the sample from 

FA-SS-MW5, at 1,310 ug/kg. 
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The deeper sample, collected from FA-SS-MW9 at a depth of four to six feet 

below grade, contained naphthalenes at a concentration of 22,000 ug/kg. No 

BTEX, PAHs, and PCBs were detected in this sample. 

4.11 FORMER MILLION GALLON TANK 

As shown on Figure 4-3, two samples (MGT-SS-B1, MGT-SS-B2) were 

collected from the one to three foot horizon in this AEC. In MGT-SS-B1, the 

BTEX concentration was 7 ug/kg, naphthalenes were detected at 920 ug/kg, 

PAHs were found at 2,222 ug/kg, and PCBs totalled 29 ug/kg. Similar 

concentrations of BTEX (6 ug/kg) and naphthalenes (940 ug/kg) were found in 

MGT-SS-B2, which also contained PAHs at 4,132 ug/kg and PCBs at 52 

ug/kg. 

4.12 OSBORNE POND 

A total of four surface samples were collected within the Osborne Pond AEC. 

Three of the sample locations, shown on Figure 4-4, were adjacent to 

temporary well locations OP-B1 (SS-OPl), OP-B2 (SS-OP2), and OP-B8 

(SS-OP8). The fourth sample, SS-OP4/5, was collected between the locations 

of temporary wells OP-B4 and OP-B5. 

BTEX, naphthalenes, and PCBs were detected in each sample. Concentrations 

of BTEX ranged from four ug/kg at SS-OP4/5 to 392.ug/kg at SS-OPl. Total 

naphthalenes were detected at levels ranging from 880 ug/kg at SS-OP4/5 to 

41,000 ug/kg at SS-OP8, and PCB concentrations varied from 24 ug/kg, in 

SS-OP2, to 56 ug/kg, in SS-OPl. PAHs were undetected in SS-OP8, but were 

detected in each of the other samples, at concentrations between 660 ug/kg at 

SS-OP4/5 and 1,740 ug/kg at SS-OP2. 
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4.13 MONITORING WELL LMS-GW5 

Three samples were collected to characterize the soil around the former 

location of monitoring well LMS-GW5. As shown on Figure 4-4, the samples 

were collected from depths of zero to two feet (GW5-SS-N), two to four feet 

(GW5-B3-SS), and four to six feet (ERM-20). 

All indicator parameters were undetected in the sample from ERM-20. BTEX 

was also undetected in each of the other two samples. In GW5-B3-SS, 

naphthalenes were found at a concentration of 560 ug/kg and PCBs were 

detected at 8.5 ug/kg. PAHs were not detected in this sample. Sample 

GW5-SS-N contained naphthalenes at 750 ug/kg, PAHs at 3,923 ug/kg, and 

PCBs at 7.6 ug/kg. 

4.14 OUTFALL 

One soil sample was collected from each of the three test pits, installed along 

the 54-inch diameter outfall pipe at the south end of the Yard. The sample 

locations are shown on Figure 4-4. Sampled depths were three to five feet in 

OF-TP1, 1.5 to three feet in OF-TP2, and one to 1.5 feet in OF-TP3. 

No BTEX was detected in any of the samples. The concentrations of 

naphthalenes and PAHs increased from the north at OF-TP1 to the south at 

OF-TP3. Respective concentrations of napthalenes and PAHs were 280 ug/kg 

and 680 ug/kg in OF-TP1, 460 ug/kg and 875 ug/kg in OF-TP2, and 730 

ug/kg and 4,181 ug/kg in OF-TP3. Trace concentrations of PCBs were 

detected in two of the samples, at 18 ug/kg in OF-TP1 and 11 ug/kg in 

OF-TP3. 
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GROUND WATER CHARACTERIZATION 

PURPOSE 

The purpose of the ground water characterization task was to evaluate the 

ground water quality in the vicinity of the NAPL plume(s), and to determine 

the ground water flow direction(s) at the Yard. These objectives were 

achieved by the installation of monitoring wells in and around the NAPL 

plumes, followed by periodic measurement of water and NAPL levels, 

determination of ground water flow directions and tidal effects, ground water 

sampling, and aquifer testing. 

PROCEDURES 

As described in Section 3.4, a network of 25 permanent monitoring wells was 

installed during this investigation. A summary of the number of monitoring 

wells in each AEC is provided in Table 5-1. Well locations are shown on 

Figure 1-2 (in map pocket). Monitoring wells installed as part of the separate 

investigation at the WWTP lagoon are neither included on this figure nor 

discussed in this report. 

Monitoring Well Installation and Development 

The permanent monitoring wells were installed in two phases. Fifteen wells 

(ERM-1, ERM-4 through ERM-17) were installed during April 1994. ERM-2 

and ERM-3 were not installed at this time due to construction activities at the 

north end of the Yard. The remaining ten wells (ERM-2, ERM-3, ERM-18 

through ERM-25) were installed in July 1994. 

The final number of monitoring wells installed in each area was dependent on 

the size of the NAPL plume, access to the proposed drilling locations, and the 

proximity of one NAPL plume to another. In areas where NAPL had 
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TABLE 5-1 
SUMMARY OF MONITORING WELL NETWORK 

METRO-NORTH HARMON YARD 

AREA OF 
ENVIRONMENTAL 

CONCERN 
EXISTING 

WELLS 

WELLS 
INSTALLED 

BYERM 

WELLS 
ABANDONED 

BYERM 
TOTAL 

Background 0 3 0 3 
LMS-GW1 1 3 1 3 

Electric Shop 0 2 0 2 
Distribution Center 0 2 0 2 
Recovery Well Area 12 1 0 13 

Croton Point 
Avenue Bridge 0 0 0 0 
Maintenance 

of Way Building 0 2 0 2 
Locomotive Fueling Pad 11 0 1 10 

Former Million Gallon Tank 0 2 0 2 
Osborne Pond 0 .6 0 6 

LMS-GW5 1 3 1 3 
Old Oil/Water 

Separator 0 0 0 0 
Outfall 0 1 0 1 

TOTAL 25 25 3 47 



not been detected (Background, Electric Shop, Maintenance-of-Way Building, 

Former Million Gallon Tank, Outfall test pits) or had been detected in isolated 

occurrences (LMS-GW1, Distribution Center, LMS-GW5) during the NAPL 

delineation phase, well locations were selected to provide spatially 

representative samples of ground water at the Yard. Water level 

measurements collected from the temporary wells were used to estimate 

upgradient and downgradient directions prior to installation of the permanent 

wells. Whenever possible, permanent wells were installed at locations 

upgradient and downgradient of suspected NAPL sources. 

The permanent monitoring wells installed by ERM were constructed of four-

inch diameter, threaded, schedule 40 PVC casing and screen. Each well was 

constructed with ten feet of screen, that straddled the water table. Logs for 

the monitoring wells are included as Appendix F. 

The permanent wells were installed using the HSA drilling method. After 

drilling to the appropriate depth in the borehole, the screen and riser pipe were 

set in the borehole. A sand pack was placed in the annulus around the screen 

and up to two to four feet above the screen. A two-foot bentonite pellet layer 

was installed above the gravel pack. If necessary, the remaining annular space 

was filled with a bentonite/cement grout. The wells were finished at grade 

with either a locking compression cap and flush-mounted manhole or 

compression cap and locking standpipe. 

The cuttings generated during the installation of the permanent wells were 

monitored with a PID. All cuttings from wells installed in paved areas were 

drummed. For wells installed in unpaved areas, cuttings that were stained, 

odorous, or showed PID readings five parts per million above background 

levels were also stored in drums. The drums of cuttings were labelled, and 

moved by Metro-North personnel to a secure storage area at the Yard, for 

later disposal by a Metro-North contractor. Cuttings that were not drummed 
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were graded into the ground surface near the monitoring well from which they 

were generated. 

All monitoring wells installed outside of the areas of NAPL were developed, 

using a gasoline-powered centrifugal pump and dedicated polypropylene hose, 

to ensure the removal of fine material and to restore the hydraulic properties 

of the surrounding water-bearing zone. None of the wells installed within the 

NAPL plumes were developed. Whenever possible, the wells were developed 

until the turbidity of the water was less than 50 Nephelometric Turbidity Units 

(NTUs). In a few wells, the turbidity could not be reduced to less than 50 

NTUs. These wells were pumped dry, even at the low pumping rates, and the 

slow recharge prevented complete development. 

As proposed in the Work Plan and approved by NYSDEC, the development 

water from wells in unpaved areas was discharged to the ground surface at a 

distance of approximately 25 feet from the well. In paved areas, the 

development water was discharged to the WWTP via the storm sewer system 

at the Yard. 

After development, the horizontal and vertical locations of all of the newly 

installed monitoring wells, as well as selected wells in the Recovery Well Area 

and Locomotive Fueling Pad AECs, were surveyed by Larsen Engineers. 

Water and NAPL Level Measurement 

After the monitoring wells were developed, several rounds of water level 

measurements and NAPL thickness measurements were collected from the 

permanent monitoring well network. Measurements were collected monthly 

between April 1994 and January 1995, using an optical interface probe. 

Depths were measured to the nearest 0.01 foot from a surveyed mark at the 

top of the well casing. The values and the time of each measurement were 

recorded in a bound field notebook. Measuring equipment was 
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decontaminated between wells usmg an Alconox and water solution, followed 

by a tap water rinse. 

In wells that did not contain NAPL, the depth to water measurements were 

converted to water table elevations. The elevations were used to determine the 

ground water flow directions at the Yard, which are discussed in Section 5.3. 

Tidal Study 

During the period from 8 June to 10 June 1994, a tidal influence study was 

conducted at the Yard. The study was conducted over a 50-hour period during 

the time of a new moon, when the tidal range should be at its greatest. The 

study was conducted at a time of fair weather, when the effects of precipitation 

and barometric pressure on the water levels in the wells would be minimal. 

Water levels in the Croton River, in one background location (ERM-1), three 

permanent monitoring wells (ERM-15, ERM-16, ERM-17), and one temporary 

well (OF-TP3) were measured either hourly or twice per hour over the 

duration of the test. Measurements were collected automatically by a 

programmable data logger equipped with a pressure transducer. Data from 

ERM-15 were rejected due to an apparent equipment failure during the test. 

The water level data were plotted against time, to evaluate the effect, if any, 

of the semi-diurnal tide on ground water levels at the Yard. Results of the 

study are discussed in Section 5.3. 

Aquifer Testing 

A single well hydraulic conductivity test, known as a slug test, was performed 

on a total of 20 permanent monitoring wells without NAPL. The slug test is 

designed to measure the response of an aquifer to an instantaneous 

displacement of a known volume of water within a well. Data generated 
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durmg the slug test were used to estimate the hydraulic characteristics of the 

aquifer in the area immediately surrounding each well. 

Initially, the static water level in the well was measured and recorded, using 

an electronic water level indicator or interface probe. Then, a decontaminated 

slug was instantaneously introduced into the well, to displace a known volume 

of water (falling head or "slug in" test). Recovery of the water level to the 

pre-test condition was measured at frequent intervals and recorded using an 

electronic programmable data logger equipped with a pressure transducer. 

After the water level had equilibrated, the test was repeated by instantaneously 

removing the slug and recording the rate of recharge (rising head or "slug out" 

test). Two falling head and two rising head tests were performed at most 

wells. The slug was decontaminated between wells using an Alconox and 

water solution, followed by a tap water rinse. 

The data collected during the slug testing program were reduced using the 

analytical methods of Bouwer and Rice (1976) and Bouwer (1989) and the 

AQTESOLV aquifer test analysis software package (version 1.1). Both "slug 

in" and "slug out" tests were analyzed for each well, but the results of the 

"slug out" tests are considered more reliable, as all wells tested are screened 

across the water table (Bouwer, 1989). The slug test results are discussed in 

Section 5.4. The data plots are included as Appendix G. 

Ground Water Sampling 

Two rounds of ground water sampling were performed, one in August 1994 

and one in November 1994. In each case, only wells without NAPL were 

sampled. 

Before sampling, the depth to water and the depth to the bottom of the well 

were measured, and the volume of standing water in the well casing was 

calculated. In most cases, three to five casing volumes were removed from 
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the well prior to sampling. If the well was pumped dry before three volumes 

were evacuated, even at a slow pumping rate, then the well was considered 

purged and sampled after its recovery. Purging was accomplished using a 

gasoline-powered centrifugal pump and dedicated polypropylene hose. As was 

the case with the development water, purge water from wells in unpaved areas 

was discharged to the ground surface, and purge water from wells in paved 

areas was discharged to the WWTP through the Yard's storm sewer system at 

the Yard. 

The ground water samples were collected with dedicated high density 

polyethylene bottom-loading bailers and polypropylene rope. Samples were 

poured directly from the bailer into laboratory-supplied bottles. The well's 

turbidity of the well was measured after purging was complete, and before 

samples were collected. Metals samples were not filtered. 

Samples to be analyzed for organics (VOCs, SVOCs, pesticides, PCBs) were 

collected immediately after purging. Because the turbidity in some wells was 

more than 50 NTUs, samples to be analyzed for metals were collected at the 

end of each day. The wells that had been sampled that day were revisited, in 

the same order, for the collection of the metals samples. By allowing the 

wells to sit for several hours, some of the silt, which may have been stirred up 

by the well purging, settled out of the water column, and the turbidity of the 

sample was reduced. Turbidity was again measured before sample collection. 

Duplicates, matrix spike, and matrix spike duplicate samples were also 

collected in this manner. Since laboratory-supplied distilled water was used 

for the field blanks, the organic and metals fractions of these samples were all 

collected at one time. 

When filled, the bottles were immediately placed into an iced cooler for 

shipment, under chain of custody procedures, to E3I via overnight courier. All 

samples were analyzed for TCL/TAL parameters, according to NYSDEC ASP 

protocols. A summary of the analytical parameters is given in Table 5-2. 
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TABLE 5-2 
ANALYTICAL PARAMETERS FOR GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 

Volatile Organics 

Chloromethane trans 1,2-Dichloroethene cis 13-Dichloropropene 2-Hexanone 
Bromomethane Chloroform Trichloroethene Tetrachloroethene 
Vinyl chloride 1,2-Dichloroethane Dibromochlorom ethane 1,1,2,2-Tetrachloroethane 
Chloroethane 2-Butanone 1,1,2-Trichloroethane Toluene 

Methylene chloride 1,1,1 -Trichloroethane Benzene Chlorobenzene 
Acetone Carbon tetrachloride trans 1,3-Dichloropropene Ethylbenzene 

Carbon disulfide Bromodichloromethane Bromoform Styrene 
1,1 -Dichloroethene 1,2-Dichloropropane 4-Methyl-2-pentanone Total Xylenes 
1,1 -Dichloroethane 

Semi-volatile Organics 

Phenol 2,4-Dichlorophenol Acenaphthene Carbazole 
bis(2-chloroethyl)ether 1,2,4-Trichlorobenzene 2,4-Dinitrophenol Di-n-butylphthalate 

2-chlorophenol Naphthalene 4-Nitrophenol Fluoranthene 
1,3-Dichlorobenzene 4-Chloroaniline Dibenzofuran Pyrene 
1,4-Dichlorobenzene Hexachlorobutadiene 2,4-Dinitrotoluene Butylbenzylphthalate 
1,2-Dichlorobenzene 4-Chloro-3-methylphenol Diethylphthalate 3,3'-Dichlorobenzidine 

2-Methylphenol 2-Methylnaphthalene 4-Chlorophenyl-phenylether Benzo(a)anthracene 
bis(2-chloroisopropyl) ether Hexachlorocyclop entadiene Fluorene Chrysene 

4-Methylphenol 2,4,6-Trichlorophenol 4-Nitroaniline bis(2-EthyIhexyl)phthalate 

N-Nitroso-di-n-propylamine 2,4,5-Trichlorophenol 4,6-Dinitro-2-methylphenol Di-n-octylphthalate 
Hexachloroethane 2-Chloronaphthalene N-Nitrosodiphenylamine Benzo(b)fluoranthene 

Nitrobenzene 2-Nitroaniline 4-Bromophenyl-phenylether Benzo(k)fluoranthene 
Isophorcue Dimethylphthalate Hexachlorobenzene Benzo(a)pyrene 

2-Nitrophenol Acenaphthylene Pentachlorophenol lhdeno( 1,2,3-cd)pyrene 
2,4-Dimethylphenol 2,6-Dinitrotoluene Fhenanthrene Dibenz(aji)anthracene 

bis(2-chloroethoxy)methane 3-Nitroanailine Anthracene Benzo(gJi,i)perylene 

Pesticides 

Alpha-BHC Heptachlor Epoxide Endosulfanll Endrin ketone 
Beta-BHC EndosulfanI 4,4'-DDD Endrin aldehyde 
Delta-BHC Dieldrin Endosulfan sulfate Alpha-chlordane 

Gamma-BHC 4,4'-DDE 4,4'-DDT Gamma-chlordane 
Heptachlor Endrin Methoxychlor Toxaphene 

Aldrin 

PCBs 

Arochlor 1016 Arochlor 1232 Arochlor 1248 Arochlor 1260 
Arochlor 1221 Arochlor 1242 Arochlor 1254 

Metals 

Aluminum Calcium Magnesium Silver 
Antimony Chromium Manganese Sodium 
Arsenic Cobalt Mercury Thallium 
Barium Copper Nickel Vanadium 

Beryllium Iron Potassium Zinc 
Cadmium Lead Selenium Cyanide 



Appropriate QA/QC samples, including matrix spikes, matrix spike duplicates, 

blind duplicates, field blanks, and trip blanks, were collected. After receipt of 

the laboratory data packages, the packages were evaluated by a certified data 

validator. Analytical results are discussed in Section 5.5. The data validation 

reports and summary data sheets (Form I) are included in Appendix H (August 

sampling round) and Appendix I (November sampling event). 

GROUND WATER FLOW DIRECTIONS AND TIDAL STUDY RESULTS 

The depth to NAPL and depth to water measurements, collected monthly over 

the course of this investigation, are shown in Table 5-3. The measuring point 

elevation, for those wells where it was measured, is also shown in this table. 

Where measuring point elevation data exist, the corrected water table elevation 

was calculated. The corrected water table accounts for the NAPL thickness 

and NAPL density, based on the NAPL analyses described in Section 3.5. 

The water table elevation contours for the 8 August 1994 measurement round 

are shown on Figure 5-1 (in map pocket). Only measurements from wells 

without NAPL were contoured. A comparison of the water level 

measurements collected over the six months of measurements shows that the 

data are fairly similar from round to round. Therefore, the 8 August 1994 

measurements are representative of flow at the Yard. The contoured data 

show two ground water flow directions, with a divide in the vicinity of the fire 

tanks at the north end of the Yard. North of these tanks, ground water flow is 

to the north towards the Hudson River. In the southern portion of the Yard, 

ground water flows to the south towards Croton Bay. 

The plotted tidal study data are included in Appendix J. The results are 

summarized in Table 5-4. During the study, the maximum tidal range in the 

Croton River was 4.43 feet. The greatest fluctuation in water level within the 

monitored wells was detected in ERM-16, at 0.10 feet. A maximum 

fluctuation of 0.05 feet was observed in both ERM-1 and ERM-17, while the 
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TABLE 5-3 
CORRECTED WATER TABLE ELEVATIONS 

METRO-NORTH HARMON YARD 
Page 1 of 5 

WELL 
MEASURING 

POINT 
ELEVATION 

(feetMSL) 

DEPTH TO 
NAPL 
4/29/94 
(feet) 

DEPTH TO 
WATER 
4/29/94 
(feet) 

NAPL 
THICKNESS 

4/29/94 
(feet) 

CORRECTED 
WATER 
TABLE 

ELEVATION * 
(feetMSL) 

DEPTH TO 
NAPL 
5/5/94 
(feet) 

DEPTH TO 
WATER 

5/5/94 
(feet) 

NAPL 
HICKNES 

5/5/94 
(feet) 

CORRECTED 
WATER 
TABLE 

ELEVATION* 
(feetMSL) 

MW-1 NM NOT MEASURED NOT MEASURED 
MW-2 14.81 NOT MEASURED 8.23 10.64 2.41 6.23 
MW-3 NM NOT MEASURED 8.12 9.32 1.20 — 
MW-4 NM NOT MEASURED 8.61 10.58 1.97 — 
MW-5 NM NOT MEASURED 8.19 9.79 1.60 — 
MW-6 13.50 NOT MEASURED 7.20 8.56 1.36 6.10 
MW-7 13.42 NOT MEASURED — 7.34 0.00 6.08 
MW-8 13.01 NOT MEASURED 6.85 7.20 0.35 6.11 
MW-9. 14.52 NOT MEASURED 8.23 8.89 0.66 6.19 

MW-10 NM NOT MEASURED 8.85 9.99 1.14 — 
MW-A NM NOT MEASURED 8.63 10.28 1.65 — 
MW-B NM NOT MEASURED 8.45 10.19 1.74 — 
SMW-1 NM NOT MEASURED — 5.04 0.00 — 
SMW-2 NM NOT MEASURED — 4.76 0.00 — 
SMW-3 6.92 NOT MEASURED — 2.65 0.00 4.27 
SMW-4 NM NOT MEASURED NOT MEASURED 
SMW-5 NM NOT MEASURED — 1.53 0.00 — 
SMW-6 NM NOT MEASURED 3.35 4.57 1.22 — 
SMW-7 6.96 NOT MEASURED — 2.45 0.00 4.51 
SMW-8 NM NOT MEASURED — 3.28 0.00 — 
SMW-9 11.04 NOT MEASURED — 6.56 0.00 4.48 

SMW-10 NM NOT MEASURED 5.26 5.77 0.51 — 
SMW-11 NM NOT MEASURED — 3.86 0.00 — 

LMS-GW1 NM NOT MEASURED 8.62 10.79 2.17 — 
LMS-GW5 9.22 NOT MEASURED 5.60 5.97 0.37 3.57 

ERM-1 19.13 — | 14.64 | 0.00 | 4.49 — 14.82 0.00 4.31 
ERM-2 17.23 NOT INSTALLED NOT INSTALLED 
ERM-3 18.06 NOT INSTALLED NOT INSTALLED 
ERM-4 14.93 — 8.43 0.00 6.50 — 8.51 0.00 6.42 
ERM-5 14.20 — 7.66 0.00 6.54 — 7.80 0.00 6.40 
ERM-6 10.61 — 4.41 0.00 6.20 — 4.52 0.00 6.09 
ERM-7 8.79 — 3.09 0.00 5.70 — 3.26 0.00 5.53 
ERM-8 8.77 — 3.37 0.00 5.40 — 3.45 0.00 5.32 
ERM-9 8.59 — 4.85 0.00 3.74 — 4.64 0.00 3.95 
ERM-10 8.11 — 7.25 0.00 0.86 4.18 4.19 0.01 3.93 
ERM-11 8.47 — 3.33 0.00 5.14 — 3.35 0.00 5.12 
ERM-12 7.24 3.28 5.21 1.93 3.71 3.32 5.52 2.20 3.63 
ERM-13 7.46 — 3.82 0.00 3.64 3.93 3.96 0.03 3.53 
ERM-14 9.52 5.79 8.75 2.96 3.34 5.80 9.29 3.49 3.26 
ERM-15 7.06 — 3.25 0.00 3.81 — 6.37 0.00 0.69 
ERM-16 10.73 — 6.97 0.00 3.76 — 7.09 0.00 3.64 
ERM-17 9.94 — 6.25 0.00 3.69 — 3.38 0.00 6.56 
ERM-18 5.83 NOT INSTALLED NOT INSTALLED 
ERM-19 9.67 NOT INSTALLED NOT INSTALLED 
ERM-20 8.90 NOT INSTALLED NOT INSTALLED 
ERM-21 17.91 NOT INSTALLED NOT INSTALLED 
ERM-22 21.21 NOT INSTALLED NOT INSTALLED 
ERM-23 16.91 NOT INSTALLED NOT INSTALLED 
ERM-24 15.85 NOT INSTALLED NOT INSTALLED 
ERM-25 17.76 NOT INSTALLED NOT INSTALLED 

NOTES: Depth to NAPL and depth to water are feet below top of casing. NM: Not measured. 
"MW-" wells are located in Recovery Well area. NI: Not installed 
" SMW-" wells are located in Fueling Pad area. 
*: Corrected water elevation = MPE - (DTW - (NAPL thickness * product specific gravity)). 



TABLE 5-3 
CORRECTED WATER TABLE ELEVATIONS 

METRO-NORTH HARMON YARD 
Page 2 of 5 

WELL 
MEASURING 

POINT 
ELEVATION 

(feetMSL) 

DEPTH TO 
NAPL 
6/8/94 
(feet) 

DEPTH TO 
WATER 

6/8/94 
(feet) 

NAPL 
THICKNESS 

6/8/94 
(feet) 

CORRECTED 
WATER 
TABLE 

ELEVATION* 
(feetMSL) 

DEPTH TO 
NAPL 
7/8/94 
(feet) 

DEPTH TO 
WATER 

7/8/94 
(feet) 

NAPL 
THICKNESS 

7/8/94 
(feet) 

CORRECTED 
WATER 
TABLE 

ELEVATION* 
(feetMSL) 

MW-1 NM 7.86 9.78 1.92 — 7.54 8.39 0.85 — 
MW-2 14.81 8.35 11.00 2.65 6.08 7.69 11.38 3.69 6.59 
MW-3 NM 8.26 9.49 1.23 — 7.90 8.82 0.92 — 
MW4 NM 8.77 10.63 1.86 — 8.33 9.53 1.20 — 
MW-5 NM 8.29 10.10 1.81 — 7.87 9.39 1.52 — 
MW-6 13.50 7.30 8.89 1.59 5.97 6.84 7.41 0.57 6.58 
MW-7 13.42 — 7.52 0.00 5.90 — 6.87 0.00 6.55 
MW-8 13.01 7.04 7.29 0.25 5.93 6.51 7.14 0.63 6.41 
MW-9 14.52 NOT MEASURED 7.92 8.74 0.82 6.48 

MW-10 NM 8.98 10.35 1.37 — 8.30 9.44 1.14 — 
MW-A NM 8.72 10.64 1.92 — 8.31 9.59 1.28 — 
MW-B NM 8.58 10.44 1.86 — 8.16 9.68 1.52 — 
SMW-1 NM — 5.18 0.00 — 4.23 4.24 0.00 — 
SMW-2 NM — 4.91 0.00 — 3.99 4.00 0.01 — 
SMW-3 6.92 — 2.81 0.00 4.11 — 1.78 0.00 5.14 
SMW-4 NM NOT MEASURED NOT MEASURED 
SMW-5 NM 1.68 1.82 0.14 — NOT MEASURED 
SMW-6 NM 3.49 4.66 1.17 — 2.43 3.18 0.75 — 
SMW-7 6.96 — 2.59 0.00 4.37 — 1.64 0.00 5.32 
SMW-8 NM — 3.41 0.00 — — 2.47 0.00 — 
SMW-9 11.04 — 6.67 0.00 4.37 — 5.84 0.00 5.20 

SMW-10 NM 5.42 5.68 0.26 — 4.49 5.46 0.97 — 
SMW-11 NM — 3.98 0.00 — — 3.03 0.00 — 

LMS-GW1 NM NOT MEASURED NOT MEASURED 
LMS-GW5 9.22 NOT MEASURED 4.54 4.92 0.38 4.63 

ERM-1 19.13 — | 14.99 | 0.00 | 4.14 — 14.38 0.00 4.75 
ERM-2 17.23 NOT INSTALLED NOT INSTALLED 
ERM-3 18.06 NOT INSTALLED NOT INSTALLED 
ERM-4 14.93 — 8.68 0.00 6.25 — 8.19 0.00 6.74 
ERM-5 14.20 — 7.97 0.00 6.23 7.32 7.86 0.54 6.80 
ERM-6 10.61 — 4.72 0.00 5.89 — 3.99 0.00 6.62 
ERM-7 8.79 — 3.56 0.00 5.23 — 2.55 0.00 6.24 
ERM-8 8.77 — 3.64 0.00 5.13 — 2.73 0.00 6.04 
ERM-9 8.59 4.84 5.17 0.33 3.71 3.82 3.96 0.14 4.75 

ERM-10 8.11 4.44 5.17 0.73 3.58 3.16 3.38 0.22 4.92 
ERM-11 8.47 NOT MEASURED NOT MEASURED 
ERM-12 7.24 3.70 5.62 1.92 3.29 1.55 1.88 0.33 5.65 
ERM-13 7.46 4.16 5.04 0.88 3.19 2.15 7.25 5.10 4.64 
ERM-14 9.52 6.07 10.44 4.37 2.88 4.81 8.29 3.48 4.26 
ERM-15 7.06 — 3.70 0.00 3.36 — 2.36 0.00 4.70 
ERM-16 10.73 — 7.42 0.00 3.31 — 6.12 0.00 4.61 
ERM-17 9.94 — 6.70 0.00 3.24 — 5.38 0.00 4.56 

ERM-18 5.83 NOT INSTALLED NOT INSTALLED 
ERM-19 9.67 NOT INSTALLED NOT INSTALLED 
ERM-20 8.90 NOT INSTALLED NOT INSTALLED 
ERM-21 17.91 NOT INSTALLED NOT INSTALLED 
ERM-22 21.21 NOT INSTALLED NOT INSTALLED 
ERM-23 16.91 NOT INSTALLED NOT INSTALLED 
ERM-24 15.85 NOT INSTALLED NOT INSTALLED 
ERM-25 17.76 NOT INSTALLED NOT INSTALLED 

NOTES: Depth to NAPL and depth to water are feet below top of casing. NM: Not measured 
"MW-" wells are located in Recovery Well area. NI: Not installed. 
"SMW-" wells are located in Fueling Pad area. 
*: Corrected water elevation = MPE - (DTW - (NAPL thickness * product specific gravity)). 



TABLE 5-3 
CORRECTED WATER TABLE ELEVATIONS 

METRO-NORTH HARMON YARD 
Page 3 of 5 

WELL 
MEASURING 

POINT 
ELEVATION 

(feetMSL) 

DEPTH TO 
NAPL 
8/8/94 
(feet) 

DEPTH TO 
WATER 

8/8/94 
(feet) 

NAPL 
THICKNESS 

8/8/94 
(feet) 

CORRECTED 
WATER 
TABLE 

ELEVATION * 
(feetMSL) 

DEPTH TO 
NAPL 
9/19/94 
(feet) 

DEPTH TO 
WATER 
9/19/94 
(feet) 

NAPL 
THICKNESS 

9/19/94 
(feet) 

CORRECTED 
WATER 
TABLE 

ELEVATION* 
(feetMSL) 

MW-1 NM 7.59 9.29 1.70 — NOT MEASURED 
MW-2 14.81 8.01 10.85 2.84 6.39 8.42 11.95 3.53 5.88 
MW-3 NM 8.00 9.01 1.01 — 8.41 9.85 1.44 — 
MW-4 NM 8.34 11.03 2.69 — 8.89 11.27 2.38 — 
MW-5 NM 8.01 9.75 1.74 — 8.42 10.57 2.15 — 
MW-6 13.50 6.98 8.66 1.68 6.28 7.46 9.08 1.62 5.81 
MW-7 13.42 — 7.12 0.00 6.30 — 7.65 0.00 5.77 
MW-8 13.01 6.68 7.50 0.82 6.21 7.21 7.40 0.19 5.77 
MW-9 14.52 8.09 9.09 1.00 6.29 8.54 9.75 1.21 5.81 

MW-10 NM 8.65 9.94 1.29 — 9.12 10.82 1.70 — 
MW-A NM 8.44 10.15 1.71 — 8.90 11.05 2.15 — 
MW-B NM 8.30 10.08 1.78 — 8.72 10.80 2.08 — 
SMW-1 NM — 4.80 0.00 — — 5.37 0.00 — 
SMW-2 NM — 4.51 0.00 — — 5.09 0.00 — 
SMW-3 6.92 — 2.40 0.00 4.52 — 2.89 0.00 4.03 
SMW-1 NM NOT MEASURED NOTMEASURED 
SMW-5 NM 1.20 1.98 0.00 — 1.87 2.46 0.59 — 
SMW-6 NM 3.04 4.75 1.71 — 3.46 5.00 1.54 — 
SMW-7 6.96 — 2.15 0.00 4.81 — 2.64 0.00 4.32 
SMW-8 NM — 3.06 0.00 — — 3.40 0.00 — 
SMW-9 11.04 — 6.32 0.00 4.72 — 6.63 0.00 4.41 

SMW-10 NM 5.03 5.81 0.78 — 5.36 6.09 0.73 — , 
SMW-11 NM — 3.56 0.00 — DESTROYED 

LMS-GW1 NM NOT MEASURED ABANDONED 
LMS-GW5 9.22 NOT MEASURED ABANDONED 

ERM-1 19.13 — 14.53 0.00 4.60 — 14.97 0.00 4.16 
ERM-2 17.23 — 8.61 0.00 8.62 — 9.32 0.00 7.91 
ERM-3 18.06 — 9.43 0.00 8.63 — 10.21 0.00 7.85 
ERM-4 14.93 — 8.38 0.00 6.55 — 8.88 0.00 6.05 
ERM-5 14.20 7.53 7.82 0.29 6.63 8.04 8.99 0.95 6.02 
ERM-6 10.61 — 4.31 0.00 6.30 — 4.92 0.00 5.69 
ERM-7 8.79 — 2.94 0.00 5.85 — 3.70 0.00 5.09 
ERM-8 8.77 3.15 3.50 0.35 5.58 3.74 4.04 0.30 4.99 
ERM-9 8.59 4.42 4.84 0.42 4.12 5.04 5.44 0.40 3.50 
ERM-10 8.11 3.96 4.87 0.91 4.04 4.68 5.54 0.86 3.33 
ERM-11 8.47 — 4.10 0.00 4.37 — 4.65 0.00 3.82 
ERM-12 7.24 3.19 5.57 2.38 3.74 3.84 6.21 2.37 3.09 
ERM-13 7.46 3.32 7.40 4.08 3.61 3.97 7.94 3.97 2.97 
ERM-14 9.52 5.64 10.52 4.88 3.24 6.24 10.58 4.34 2.71 
ERM-15 7.06 — 3.22 0.00 3.84 — 3.96 0.00 3.10 
ERM-16 10.73 — 7.01 0.00 3.72 — 7.69 0.00 3.04 
ERM-17 9.94 — 6.31 0.00 3.63 — 6.97 0.00 2.97 
ERM-18 5.83 — 1.40 0.00 4.43 — 2.01 0.00 3.82 
ERM-19 9.67 — 6.50 0.00 3.17 — 7.00 0.00 2.67 

ERM-20 8.90 — 5.19 0.00 3.71 — 5.85 0.00 3.05 
ERM-21 17.91 — 8.92 0.00 8.99 — 9.76 0.00 8.15 

ERM-22 21.21 — 16.17 0.00 5.04 — 16.64 0.00 4.57 

ERM-23 16.91 — 10.44 0.00 6.47 — 11.15 0.00 5.76 
ERM-24 15.85 — 7.34 0.00 8.51 — 8.08 0.00 7.77 
ERM-25 17.76 — 10.00 0.00 7.76 — 10.72 0.00 7.04 

NOTES: Depth to NAPL and depth to water are feet below top of casing. NM: Not measured 
"MW-" wells are located in Recovery Well area. NI: Not installed 
"SMW-" wells are located in Fueling Pad area. 
*: Corrected water elevation = MPE - (DTW - (NAPL thickness * product specific gravity)). 



TABLE 5-3 
CORRECTED WATER TABLE ELEVATIONS 

METRO-NORTH HARMON YARD 
Page 4 of 5 

WELL 
MEASTIRING 

POINT 
ELEVATION 

(feetMSL) 

DEPTH TO 
NAPL 

10/13/94 
(feet) 

DEPTH TO 
WATER 
10/13/94 

(feet) 

NAPL 
THICKNESS 

10/13/94 
(feet) 

CORRECTED 
WATER 
TABLE 

ELEVATION* 
(feetMSL) 

DEPTH TO 
NAPL 
11/1/94 
(feet) 

DEPTH TO 
WATER 
11/1/94 
(feet) 

NAPL 
THICKNESS 

11/1/94 
(feet) 

CORRECTED 
WATER 
TABLE 

ELEVATION* 
(feetMSL) 

MW-1 NM 8.15 10.79 2.64 — INNACCESSIBLE 
MW-2 14.81 8.64 12.28 3.64 5.65 8.73 12.50 3.77 5.54 
MW-3 NM 8.58 10.55 1.97 — 8.75 10.85 2.10 — 
MW-4 NM 9.12 11.30 2.18 — 9.28 11.28 2.00 — 
MW-5 NM 8.62 10.88 2.26 ' — 8.75 11.21 2.46 — 
MW-6 13.50 7.66 9.56 1.90 5.57 7.89 9.13 1.24 5.43 
MW-7 13.42 — 7.91 0.00 5.51 - 8.06 0.00 5.36 
MW-8 13.01 7.46 7.49 0.03 5.55 7.60 7.61 0.01 5.41 
MW-9 14.52 8.79 9.94 1.15 5.56 DESTROYED 
MW-10 NM 9.36 11.19 1.83 — 9.44 11.31 1.87 — 
MW-A NM 9.08 11.43 2.35 — 9.25 11.55 2.30 — 
MW-B NM 8.94 11.00 2.06 — INACCESSIBLE 
SMW-1 NM — 5.53 0.00 — INACCESSIBLE 
SMW-2 NM — 5.24 0.00 — INACCESSIBLE 
SMW-3 6.92 NOT MEASURED | 3.02 | 0.00 | 3.90 
SMW-4 NM — 9.15 0.00 — INACCESSIBLE 
SMW-5 NM 1.87 2.91 1.04 — INACCESSIBLE 
SMW-6 NM NOT MEASURED 3.62 4.74 1.12 — 
SMW-7 6.96 NOT MEASURED - 2.84 0.00 4.12 
SMW-8 NM NOT MEASURED - 3.54 0.00 — 
SMW-9 11.04 NOT MEASURED - 6.80 0.00 4.24 

SMW-10 NM NOT MEASURED 5.54 5.89 0.35 — 
SMW-11 NM DESTROYED DESTROYED 

LMS-GW1 NM ABANDONED ABANDONED 
LMS-GW5 9.22 ABANDONED ABANDONED 

ERM-1 19.13 — 15.31 0.00 3.82 - 15.55 0.00 3.58 
ERM-2 17.23 — 9.78 0.00 7.45 - 10.11 0.00 7.12 
ERM-3 18.06 — 10.65 0.00 7.41 - 10.97 0.00 7.09 
ERM-4 14.93 — 9.15 0.00 5.78 - 9.29 0.00 5.64 
ERM-5 14.20 8.29 9.22 0.93 5.77 8.43 9.37 0.94 5.63 
ERM-6 10.61 — 5.17 0.00 5.44 - 5.28 0.00 5.33 
ERM-7 8.79 — 3.94 0.00 4.85 - 4.06 0.00 4.73 
ERM-8 8.77 3.97 4.24 0.27 4.77 INACCESSIBLE 
ERM-9 8.59 5.17 5.48 0.31 3.38 5.17 5.41 0.24 3.39 
ERM-10 8.11 4.80 5.56 0.76 3.22 4.80 5.50 0.70 3.23 
ERM-11 8.47 — 4.87 0.00 3.60 - 4.77 0.00 3.70 
ERM-12 7.24 4.06 6.09 2.03 2.92 3.39 6.20 2.81 3.48 
ERM-13 7.46 4.18 8.07 3.89 2.77 4.13 7.30 3.17 2.92 
ERM-14 9.52 6.42 10.91 4.49 2.51 6.36 9.87 3.51 2.70 
ERM-15 7.06 — 4.10 0.00 2.96 DESTROYED 
ERM-16 10.73 — 7.82 0.00 2.91 - 7.74 0.00 2.99 
ERM-17 9.94 — 7.09 0.00 2.85 - 9.71 0.00 0.23 
ERM-18 5.83 — 2.18 0.00 3.65 •- 2.16 0.00 3.67 

ERM-19 9.67 — 7.20 0.00 2.47 - 7.01 0.00 2.66 
ERM-20 8.90 — 5.99 0.00 2.91 - 5.89 0.00 3.01 
ERM-21 17.91 — 10.26 0.00 7.65 - 10.63 0.00 7.28 
ERM-22 21.21 — 17.12 0.00 4.09 - 17.45 0.00 3.76 
ERM-23 16.91 — 11.70 0.00 5.21 - 12.13 0.00 4.78 
ERM-24 15.85 DESTROYED DESTROYED 
ERM-25 17.76 — | 11.08 | 0.00 | 6.68 | 11.32 | 0.00 | 6.44 

NOTES: Depth to NAPL and depth to water are feet below top of casing. NM: Not measured 
"MW-" wells are located in Recovery Well area. NI: Not installed. 
"SMW-" wells are located in Fueling Pad area. 
*: Corrected water elevation = MPE - (DTW - (NAPL thickness * product specific gravity)). 



TABLE 5-3 
CORRECTED WATER TABLE ELEVATIONS 

METRO-NORTH HARMON YARD 
Page 5 of 5 

WELL 
MEASURING 

POINT 
ELEVATION 

(feetMSL) 

DEPTH TO 
NAPL 
12/5/94 
(feet) 

DEPTH TO 
WATER 
12/5/94 
(feet) 

NAPL 
THICKNESS 

12/5/94 
(feet) 

CORRECTED 
WATER 
TABLE 

ELEVATION * 
(feetMSL) 

DEPTH TO 
NAPL 
1/4/95 
(feet) 

DEPTH TO 
WATER 

1/4/95 
(feet) 

NAPL 
THICKNESS 

1/4/95 
(feet) 

CORRECTED 
WATER 
TABLE 

ELEVATION* 
(feetMSL) 

MW-1 NM 8.11 9.33 1.22 — 8.22 10.00 1.78 — 
MW-2 14.81 8.55 11.05 2.50 5.90 8.53 12.62 4.09 5.69 
MW-3 NM 8.39 9.98 1.59 — INACCESSIBLE — 
MW-4 NM 8.93 10.72 1.79 — INACCESSIBLE _ 
MW-5 NM NOT MEASURED — INACCESSIBLE — 
MW-6 13.50 7.49 7.77 0.28 5.97 7.65 9.21 1.56 5.63 
MW-7 13.42 - 7.63 - 5.79 - 7.79 0.00 5.63 
MW-8 13.01 - 7.21 - 5.80 - 7.37 0.00 5.64 
MW-9 14.52 DESTROYED DESTROYED 
MW-10 NM 9.18 10.25 1.07 - INACCESSIBLE 
MW-A NM 9.02 10.20 1.18 - INACCESSIBLE 
MW-B NM 8.84 10.26 1.42 - 8.98 | 10.65 | 1.67 | — 
SMW-1 NM - 4.56 0.00 — INACCESSIBLE 
SMW-2 NM INNACCESIBLE - 4.52 0.00 — 
SMW-3 6.92 | 2.06 | 0.00 | 4.86 - 2.26 0.00 4.66 
SMW-4 NM INNACCESSIBLE INACCESSIBLE 
SMW-5 NM INNACCESSIBLE INACCESSIBLE 
SMW-6 NM 2.73 2.85 0.12 — 2.73 4.50 1.77 — 
SMW-7 6.96 - 1.93 0.00 5.03 - 1.87 0.00 5.09 
SMW-8 NM ' - 2.64 0.00 — - 2.89 0.00 _ 
SMW-9 11.04 - 6.01 0.00 5.03 - 6.15 0.00 4.89 

SMW-10 NM 4.76 5.03 0.27 — 4.91 5.30 0.39 — 
SMW-11 NM DESTROYED DESTROYED 

LMS-GW1 NM ABANDONED ABANDONED 
LMS-GW5 9.22 ABANDONED ABANDONED 

ERM-1 19.13 - 15.46 0.00 3.67 - 15.43 0.00 3.70 
ERM-2 ' 17.23 - 9.49 0.00 7.74 - 9.49 0.00 7.74 
ERM-3 18.06 - 10.27 0.00 7.79 - 10.32 0.00 7.74 
ERM-4 14.93 - 8.92 0.00 6.01 - 8.99 0.00 5.94 
ERM-5 14.20 8.08 8.83 0.75 6.01 INACCESSIBLE 
ERM-6 10.61 - 3.46 0.00 7.15 - 4.83 0.00 5.78 
ERM-7 8.79 - 3.32 0.00 5.47 - 3.41 0.00 5.38 
ERM-8 8.77 - 3.31 0.00 5.46 - ' 3.45 0.00 5.32 
ERM-9 8.59 INACCESSIBLE INACCESSIBLE 
ERM-10 8.11 INACCESSIBLE INACCESSIBLE 
ERM-11 8.47 - 3.32 0.00 5.15 - 3.91 0.00 4.56 
ERM-12 7.24 2.21 4.33 2.12 4.75 2.97 5.34 2.37 3.96 
ERM-13 7.46 3.21 4.87 1.66 4.03 3.43 5.81 2.38 3.72 
ERM-14 9.52 5.25 11.21 5.96 3.49 5.51 11.23 5.72 3.26 
ERM-15 7.06 - • 2.95 0.00 4.11 — 3.38 0.00 3.68 

ERM-16 10.73 - 6.58 0.00 4.15 - 6.87 0.00 3.86 

ERM-17 9.94 - 5.87 0.00 4.07 - 6.15 0.00 3.79 

ERM-18 5.83 - 0.96 0.00 4.87 - 1.25 0.00 4.58 

ERM-19 9.67 - 6.22 0.00 3.45 - 6.50 0.00 3.17 

ERM-20 8.90 - 4.88 0.00 4.02 - 5.05 0.00 3.85 

ERM-21 17.91 - 10.00 0.00 7.91 — 10.02 0.00 7.89 

ERM-22 21.21 - 17.42 0.00 3.79 — 17.32 0.00 3.89 

ERM-23 16.91 - 11.90 0.00 5.01 - 11.91 0.00 5.00 

ERM-24 15.85 DESTROYED DESTROYED 
ERM-25 17.76 | 10.58 | 0.00 | 7.18 | 10.72 | 0.00 | 7.04 

NOTES: Depth to NAPL and depth to water are feet below top of casing. NM: Not measured 
"MW-" wells are located in Recovery Well area. NI: Not installed 
"SMW-" wells are located in Fueling Pad area. 
*: Corrected water elevation = MPE - (DTW - (NAPL thickness * product specific gravity)). 



TABLE 5-4 
RESULTS OF TIDAL STUDY 

METRO-NORTH HARMON YARD 
CROTON-ON-HUDSON, NEW YORK 

WELL MAXIMUM WATER LEVEL 
FLUCTUATION (feet) 

ERM-1 0.05 
ERM-15 Equipment malfunction 
ERM-16 0.10 
ERM-17 0.05 
OF-TP3 0.03 

Croton River 4.43 

Tidal study conducted 8-10 June 1994. 



water level m 0F-TP3 varied by 0.03 feet. Comparison of these results to the 

Croton River data suggests that there is no significant tidal influence on the 

ground water flow system at the site. 

AQUIFER TEST RESULTS 
> 

The results of the slug test analyses are summarized in Table 5-5. For most 

wells, there is good correlation between the two separate tests, for both the 

"slug in" and "slug out" versions. Hydraulic conductivity estimates range 

from all but two of the tests from 0.07 meters per day (m/d) to 4.62 m/d. 

These values are typical of the silty sand materials encountered at the Yard 

(Heath, 1983). The results from two of the "slug out" tests on SMW-9 

showed anomalously high hydraulic conductivities of 9.07 and 17.74 m/day. 

Hydraulic conductivities were also estimated by LMS, using slug test data 

from three wells. The hydraulic conductivities measured by LMS were 

significantly higher than these measured by ERM and ranged from 18 m/d to 

27 m/d, for an average of 22.5 m/d. Based on the larger data set collected by 

ERM, it is likely that the lower hydraulic conductivities are more 

representative of conditions at the Yard. 

GROUND WATER QUALITY 

Two rounds of ground water sampling were performed, one in August 1994 

and one in November 1994. In each case, only wells without NAPL were 

sampled. Due to laboratory complications, nine of the wells sampled in 

November were resampled, for SVOC analysis only, on 6 December 1994. A 

summary of the data is provided in Table 5-6 and the concentrations of 

selected indicator groups from the August sampling round have been plotted on 

Figure 5-2 (in map pocket). 

ERM-NORTHEAST 5-16 68000105.696\tm\tm 



TABLE 5-5 
SUMMARY OF SLUG TEST RESULTS 

METRO-NORTH HARMON YARD 
CROTON-ON-HUDSON, NEW YORK 

WELL 
TEST #1 TEST #2 

WELL SLUG IN SLUG OUT SLUG IN SLUG OUT WELL 
feet/minute meters/day feet/minute meters/day feet/minute meters/day feet/minute meters/day 

ERM-1 0.004543 2.00 0.005137 2.26 0.004265 1.87 0.00716 3.14 
ERM-2 0.0007066 0.31 0.001306 0.57 0.0008181 0.36 0.001401 0.62 
ERM-3 0.0003499 0.15 0.0004689 0.21 0.0005488 0.24 0.0006363 0.28 
ERM-4 0.005525 2.43 0.005133 2.25 0.005704 2.51 0.005246 2.30 
ERM-6 0.0003244 0.14 0.00028 0.12 0.0004683 0.21 0.0004445 0.20 
ERM-7 0.0001642 0,07 0.0001938 0.09 0.0002234 0.10 0.0008979 0.39 
ERM-11 0.0002135 0.09 0.0001547 0.07 —- — — — 
ERM-19 0.003654 1.60 0.005274 2.32 0.003254 1.43 0.004605 2.02 
ERM-20 0.001095 0.48 0.001362 0.60 0.001265 0.56 0.001546 0.68 
ERM-21 0.0005341 0.23 0.0005223 0.23 0.0006631 0.29 0.0006533 0.29 
ERM-22 0.001435 0.63 0.001824 0.80 0.003392 1.49 0.005291 2.32 
ERM-23 0.001544 0.68 0.001752 0.77 0.001838 0.81 0.001676 0.74 
ERM-24 0.003091 1.36 0.002905 1.28 0.003094 1.36 0.003261 1.43 
ERM-25 0.002134 0.94 0.002209 0.97 0.002186 0.96 0.002254 0.99 
MW-7 — — — — 0.002314 1.02 0.001854 0.81 
SMW-1 0.005688 2.50 0.01051 4.62 0.004366 1.92 0.01016 4.46 
SMW-2 0.005389 2.37 0.00457 2.01 0.005233 2.30 0.005407 2.37 
SMW-3 0.005277 2.32 0.008263 3.63 - — . — — — 
SMW-8 0.005082 2.23 0.005681 2.50 0.005618 2.47 0.004045 1.78 
SMW-9 0.006547 2.88 0.04039 17.74 0.005017 2.20 0.02066 9.07 

NOTES: 

MW-7 is located in the Recovery Well Area. 
"SMW-" wells are located around the Locomotive Fueling Pad. 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 1 of 15 

SAMPLE ERM-1 ERM-1 ERM-23 ERM-23 ERM-22 ERM-22 ERM-2 ERM-2 ERM-3 ERM-3 
DATE SAMPLED 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 
AREA OF CONCERN Background Background Background Background Background Background LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 

Volatile Organics 
Chloromethane 16 J 
Total 1,2-Dichloroethene 
1,2-Dichloroethane 
2-Butanone 
1,1,1-Trichloroethane 
Trichloroethene 1 J 
Benzene 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethylbenzene 
Total Xylenes 
TOTAL VOCTICs 10 J 6 J 29 J 45 J 67 J 

SAMPLE ERM-1 ERM-1 ERM-23 ERM-23 ERM-22 ERM-22 ERM-2 ERM-2 ERM-3 ERM-3 
DATE SAMPLED 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 

AREA OF CONCERN Background Background Background Background Background Background LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 

Pesticides 
Alpha-BHC 
Beta-BHC 
Gamma-BHC 0.018 J 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfanl 
Dieldrin 
4,4'-DDE 
Endrin 
Endosulfanll 
4,4'-DDD 
4,4'-DDT 
Methoxychlor 
Endrin ketone 
Endrin aldehyde 
Alpha-chlordane 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. U: Undetected 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 2 of 15 

SAMPLE ERM-1 ERM-1 ERM-23 ERM-23 ERM-22 ERM-22 ERM-2 ERM-2 ERM-3 ERM-3 
DATE SAMPLED 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 
AREA OF CONCERN Background Background Background Background Background Background LMS-GW1 LMS-GW1 LMS-GW1 LMS-GW1 

Semi-Volanles 
1,4-Dichloroben2ene 

1,2-Dichlorobenzene 
2-Methylphenol 
4-Methylphenol 5 J 
Naphthalene 
2-Methytaaphthalene 
Dimethylphthalate 

Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Diethylphthalate 
Fluorene 
Pentachlorophenol 
Phenanthrene 
Anthracene - 2 J 
Carbazole 
Fhioranthene 
Pyrene -
Butylbenzylphthalate 
bis(2-Ethylhexyl)phthalate 1 J 
Di-n-octy]phthalate 
Total Semi-Volatile TICs ^ P J ? j ?r^ J •T7 J W F ) J fS^p J WP?T^r J as#£—? J fe-: } J ip~~7 J 4 J 

... W>—~c t £ flS*'i w j-~ 9 J \v*t / 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

J: Estimated value. 

U: Undetected. 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 3 of 15 

SAMPLE ERM-1 ERM-1 ERM-23 ERM-23 ERM-22 ERM-22 ERM-2 ERM-2 ERM-3 ERM-3 
DATE SAMPLED 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 8/15/94 11/15/94 
AREA OF CONCERN Background Background Background Background Background Background LMS-GW1 LMS-GW1 LMS-GW1 LMS-GWl 

Metals 
Aluminum 549.00 358.00 10,100.00 21,100.00 1,130.00 2,490.00 2,900.00 
Arsenic 4.60 JB 5.50 JB 1.90 B 2.90 JB 
Barium 98.00 B 98.00 B 72.00 B 84.00 B 203.00 389.00 209.00 184.00 B 245.00 209.00 
Beryllium 
Cadmium 5.20 
Calcium 157,000.00 161,000.00 104,000.00 95,600.00 192,000.00 284,000.00 226,000.00 203,000.00 161,000.00 157,000.00 
Chromium 11.30 28.30 
Cobalt 22.70 B 11.60 B 
Copper 24.90 B 49.80 14.40 B 9.30 B 
Iron 210.00 1,120.00 302.00 769.00 18,200.00 33,600.00 6,850.00 2,860.00 6,790.00 6,030.00 
Lead 1.50 B 2.60 B 21.60 53.40 10.20 2.10 B 7.40 3.60 
Magnesium 28,300.00 32,500.00 27,000.00 25,300.00 60,500.00 89,900.00 93,200.00 62,800.00 42,800.00 41,800.00 
Manganese 1,430.00 1,260.00 37.70 40.10 592.00 1,620.00 5,240.00 696.00 1,470.00 726.00 
Mercury 0.21 
Nickel 11.60 B 17.20 B 25.30 B 
Potassium 3,660.00 B 3,370.00 B 1,870.00 B 2,090.00 B 4,880.00 B 7,970.00 3,980.00 B 2,630.00 B 4,730.00 B 4,860.00 B 
Selenium 1.50 JB 
Sodium 17,200.00 J 14,700.00 J 16,600.00 J 23,800.00 4,970.00 JB 21,700.00 63,500.00 J 93,100.00 43,400.00 J 25,100.00 
Thallium 
Vanadium 27.20 B 49.30 B 14.40 B 
Zinc 5.20 B 54.9.0 107.00 50.70 17.90 B 

Cyanide "> 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. U: Undetected. 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 4 of 15 

SAMPLE ERM-21 ERM-21 ERM-24 ERM-25 ERM-25 ERM-4 ERM-4 MW-7 MW-7 ERM-6 
DATE SAMPLED 8/15/94 11/15/94 8/16/94 8/15/94 11/15/94 8/15/94 11/16/94 8/15/94 11/15/94 8/16/94 
AREA OF CONCERN LMS-GW1 LMS-GW1 Sewer Line Sewer Line Sewer Line Dist. Ctr. Dist. Ctr. Rec. Well Rec. Well Rec. Well 

Volatile Organ!cs 
Chloromethane 
Total 1,2-Dichloroethene 
1,2-Dichloroethane 
2-Butanone 3 J 
1,1,1-Trichloroethane 5 J 3 J 
Trichloroethene 
Benzene pfey j 28 35 
Tetrachloroethene \LL-J 1 J 
Toluene 0.5 
Chlorobenzene 27 5 
Ethylbenzene 

Total Xylenes tfQ" JS 
TOTAL VOCTICs lBWf J H W J 53 J 18 J 26 J 136 J 

SAMPLE ERM-21 ERM-21 ERM-24 ERM-25 ERM-25 ERM-4 ERM-4 MW-7 MW-7 ERM-6 
DATE SAMPLED 8/15/94 11/15/94 8/16/94 8/15/94 11/15/94 8/15/94 11/16/94 8/15/94 11/15/94 8/16/94 
AREA OF CONCERN LMS-GW1 LMS-GWl Sewer Line Sewer Line Sewer Line Dist. Ctr. Dist. Ctr. Rec. Well Rec. WeU Rec. Well 

Pestlddes 
Alpha-BHC 0.034 J 0.010 J 
Beta-BHC 
Gamma-BHC 0.049 J 
Heptachlor 
Aldrin 
Heptachlor Epoxide 0.021 J 0.024 J 
EndosulfanI 
Dieldrin 
4,4'-DDE 
Endrin 0.028 J 
Endosulfanll 0.024 J 
4,4'-DDD 
4,4'-DDT 
Methoxychlor 1.10 J 0.052 J 

Endrin ketone 
Endrin aldehyde 
Alpha-chlordane 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. U: Undetected 
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TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 5 of 15 

SAMPLE ERM-21 ERM-21 ERM-24 ERM-25 ERM-25 ERM-4 ERM-4 MW-7 MW-7 ERM-6 
DATE SAMPLED 8/15/94 11/15/94 8/16/94 8/15/94 11/15/94 8/15/94 12/6/94 8/15/94 11/15/94 8/16/94 
AREA. OF CONCERN LMS-GW1 LMS-GW1 Sewer Line Sewer Line Sewer Line Dist. Ctr. Dist. Ctr. Rec. Well Rec. Well Rec. Well 

Semi-Volatiles 
1,4-Dichlorobenzme 2 J 
1,2-Dichlorobenzene 

2-Methylphenol 
4-Methylphenol 
Naphthalene, 310 56 
2-Methylnaphthalene 350 37 1 J 
Dimethylphthalate 
Acenaphthyleae 
Acenaphthene 11 J 5 J 1 J 1 J 
Dibenzofuran 9 J 5 J 
Diethylphthalate 
Fhiorene 13 J 8 J 1 J 0.8 J 
Pentachlorophenol 
Phenanthrene 12 J 7 J 
Anthracene 
Carbazole 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
bis(2-Ethylhexyl)phthalate 
Di-fi-octylphthalate 
Total Semi-Volatile TICs PUS J f&PPP J 15 J 2 J 74 J 133 J 122 J 17 J 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

J: Estimated value. 

U: Undetected. 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 6 of 15 

SAMPLE ERM-21 ERM-21 ERM-24 ERM-25 ERM-25 ERM-4 ERM-4 MW-7 MW-7 ERM-6 
DATE SAMPLED 8/15/94 11/15/94 8/16/94 8/15/94 11/15/94 8/15/94 11/16/94 8/15/94 11/15/94 8/16/94 
AREA OF CONCERN LMS-GW1 LMS-OW1 Sewer Line Sewer Line Sewer Line Dist. Ctr. Dist. Ctr. Rec. Well Rec. Well Rec. Well 

Metals 
Aluminum 329.00 1,880.00 592.00 734.00 2,030.00 742.00 840.00 2,540.00 2,130.00 496.00 
Arsenic 17.20 20.90 38.70 J 4.20 B 4.20 B 
Barium 331.00 344.00 98.00 B 209.00 280.00 93.00 B 98.00 B 221.00 123.00 B 86.00 B 
Beryllium 
Cadmium 42.20 
Calcium 155,000.00 158,000.00 70,600.00 125,000.00 157,000.00 56,500.00 79,800.00 149,000.00 111,000.00 120,000.00 
Chromium 9.00 B 
Cobalt 

Copper 13.90 B 15.80 B 8.80 B 10.00 B 

Iron 7,940.00 14,800.00 1,470.00 982.00 4,240.00 3,120.00 2,800.00 36,200.00 34,800.00 1,790.00 
Lead 3.70 4.50 2.80 B 2.70 B 1.50 B 3.50 23.20 J 8.10 1.30 B 2.50 B 
Magnesium 34,200.00 35,700.00 13,100.00 19,400.00 25,400.00 8,290.00 11,500.00 18,500.00 23,900.00 29,500.00 
Manganese 1,150.00 994.00 43.00 778.00 1,440.00 240.00 473.00 3,110.00 2,540.00 1,450.00 
Mercury 
Nickel 16.20 B 12.30 B 
Potassium 6,850.00 6,640.00 4,630.00 B 6,010.00 6,470.00 2,870.00 B 2,940.00 B 7,350.00 6,840.00 5,730.00 
Selenium 
Sodium 27,300.00 J 32,300.00 18,400.00 J 28,000.00 J 45,400.00 95,000.00 J 48,800.00 445,000.00 J 150,000.00 119,000.00 J 
Thallium 
Vanadium 17.60 B 16.20 B 

Zinc r5.50 B 10.20 B 16.20 B 34.60 28.60 U 13.50 B 

Cyanide 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. U: Undetected. 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 7 of 15 

SAMPLE ERM-6 ERM-7 ERM-7 SMW-1 SMW-1 SMW-2 SMW-2 SMW-3 SMW-3 SMW-7 
DATE SAMPLED 11/16/94 8/16/94 11/16/94 8/16/94 11/16/94 8/16/94 11/16/94 8/16/94 11/17/94 8/16/94 
AREA OF CONCERN Rec. Well MOWBldg. MOWBldg. Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad 

Volatile Organ!cs 
Chloromethane 
Total 1,2-Dichloroethene 1 J 2 J 
1,2-Dichloroethane 2 J 
2-Butanone 4 J 7 J 
1,1,1-Trichloroethane 
Trichloroethene 1 J 
Benzene 6 J J ^ a ^ ^ j 3 J T _ v J. =-- 46 
Tetrachloroethene 
Toluene r '̂̂ -_ -.., , _; 1 - J „ ! , . , , J , , . .14 ,~ 2 _ j _ —-*-~2""T7~^ 
Chlorobenzme 2 J v :*~*-=*^~s^r~-jL^s___2 jr-i- -~- ''"' * " "*' ' 

Ethylbenzehe 2 J _ 2i — H 
Total Xylenes 3 J 2 J | —- . 6 J 2 J 79 19 ... • 79v_..... j 
TOTAL VOCTICs 49 J 97 J 1,120 J~ 120 J 463 

SAMPLE ERM-6 ERM-7 ERM-7 SMW-1 SMW-1 SMW-2 SMW-2 SMW-3 SMW-3 SMW-7 

DATE SAMPLED 11/16/94 8/16/94 11/16/94 8/16/94 11/16/94 8/16/94 11/16/94 8/16/94 11/17/94 8/16/94 

AREA OF CONCERN Rec. Well MOW Bldg. MOW Bldg Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad 

Pestiddes 
Alpha-BHC 0.011 J 
Beta-BHC 0.019 J 

Gamma-BHC 0.015 J 0.058 J 0.012 J 0.044 J 

Heptachlor 
Aldrin 0.035 J 0.053 J 0.12 J 

Heptachlor Epoxide 0.030 J 

Endosulfanl 
Dieldrin 
4,4'-DDE 0.016 J 0.011 J 

Endrin 0.085 J 0.020 J 0.087 J 

Endosulfanll 0.040 J 

4,4'-DDD 0.028 J 0.019 J 0.019 J 

4,4'-DDT 0.11 J 

Methoxychlor 
Endrin ketone 
Endrin aldehyde 0.022 J 

Alpha-chlordane 0.012 J 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

J: Estimated value. 

U: Undetected. 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 8 of 15 

SAMPLE ERM-6 ERM-7 ERM-7 SMW-1 SMW-1 SMW-2 SMW-2 SMW-3 SMW-3 SMW-7 
DATE SAMPLED 12/6/94 8/16/94 12/6/94 8/16/94 12/6/94 8/16/94 12/6/94 8/16/94 11/17/94 8/16/94 
AREA OF CONCERN Rec. Well MOWBldg. MOW Bldg. Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad 

Semi-Volatiles 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 

2-Methylplienol 4 J 
4-Methylphenol 
Naphthalene 3 J 11 J 10 J 59 J 9 J 170 
2-Methylnaphthalene 55 7 J 180 73 32 J 16 450 36 J 480 
Dimethylphthalate 4 J 
Acenaphthylene 11 J 25 J 24 J 
Acenaphthene 5 J 6 J 9 J 6 J 
Dibenzofuran 9 J 4 J 10 J 8 J 8 J 5 J 20 J 
Diethylphthalate 5 J 8 J 
Fluorene 15 J 7 J 28 J 11 J 11 8 J 51 J 
Pentachlorophenol 2,700 100 
Phenanthrene 14 J 7 J 100 87 21 J 7 J 30 J 15 J 89 
Anthracene 2 J 3 J 11 J 
Carbazole 4 J 7 J 
Fluoranthene 4 J 2 J 
Pyrene 15 J 12 J 3 J 3 J 9 J 
Butylbenzylphthalate 
bis(2-EthyIhexyl)phthalate 5 J 5 J 3 J 2 J 4 J 
Di-n-octylphthalate 
Total Semi-Volatile TICs 6 J 514 J 928 J \ '1,703 /J SSS6 ^J mmm> J V 202 / J ).3,990SSS»> J /5'42 ^ / J 1;934 7 J 

Units are micrograms per liter. TICs:: Tern Ltam'ely IdentifiedyCompounds. «^J 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit 

J: Estimated value. 

U: Undetected. 

"I 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 9 of 15 

SAMPLE ERM-6 ERM-7 . ERM-7 SMW-1 SMW-1 SMW-2 SMW-2 SMW-3 SMW-3 SMW-7 
DATE SAMPLED 11/16/94 8/16/94 11/16/94 8/16/94 11/16/94 8/16/94 11/16/94 8/16/94 11/17/94 8/16/94 
AREA OF CONCERN Rec. Well MOW Bldg. MOW Bldg. Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad 

Metals 
Aluminum 2,110.00 103.00 550.00 6,520.00 3,720.00 2,480.00 13,100.00 2,150.00 10,900.00 394.00 
Arsenic 9.70 B 3.90 JB 10.80 10.80 J 15.10 19.40 J 50.60 68.30 J 7.50 B 
Barium 26.00 B 141.00 B 487.00 194.00 B 173.00 B 188.00 B 279.00 233.00 320.00 53.00 B 
Beryllium 
Cadmium 7.70 6.10 
Calcium 89,200.00 152,000.00 260,000.00 156,000.00 149,000.00 107,000.00 119,000.00 86,700.00 91,900.00 50,700.00 
Chromium 28.50 8.20 B 28.90 12.70 21.10 
Cobalt 13.20 B 13.00 B 24.70 B 12.00 B 

Copper 41.70 24.10 B 32.10 74.10 15.90 B 65.20 

Iron 3,890.00 8,720.00 40,300.00 21,900.00 17,000.00 23,500.00 43,100.00 60,700.00 85,800.00 23,100.00 

Lead 1.10 JB 4.70 2.30 JB 55.10 17.00 J 27.60 J 18.40 119.00 J 104.00 
Magnesium 24,800.00 26,500.00 68,200.00 37,700.00 34,100.00 16,100.00 23,900.00 10,100.00 17,700.00 5,130.00 
Manganese 1,190.00 1,410.00 4,310.00 6,140.00 5,890.00 8,540.00 8,650.00 1,130.00 1,290.00 395.00 
Mercury 
Nickel 21.80 B 35.40 B 39.70 B 24.30 B 35.90 B 

Potassium 6,280.00 12,500.00 18,300.00 5,490.00 4,790.00 B 6,030.00 8,970.00 5,280.00 7,240.00 4,400.00 B 

Selenium 
Sodium 72,000.00 427,000.00 J 993,000.00 17,200.00 J 22,400.00 21,100.00 26,500.00 15,500.00 J 36,200.00 16,300.00 J 

Thallium 
Vanadium 18.80 B 21.60 B 24.40 B 17.40 B 31.10 B 14.50 B 

Zinc 39.50 7.30 B 22.80 111.00 64.40 49.50 127.00 20.50 146.00 15.50 B 

Cyanide 14.00 

NOTES: Units are miCTograms per liter. TICs: Tentatively Identified Compounds. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. U: Undetected. 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 10 of 15 

SAMPLE SMW-7 SMW-8 SMW-8 SMW-9 SMW-9 SMW-11 ERM-11 ERM-11 ERM-15 ERM-15 
DATE SAMPLED 11/17/94 8/16/94 11/17/94 8/16/94 11/16/94 8/16/94 8/17/94 11/17/94 8/17/94 11/17/94 
AREA OF CONCERN Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Osborne Pond Osborne Pond Osborne Pond Osborne Pond 

Volatile Organics 
Chloromethane 
Total 1,2-Dichloroethene 
1,2-Dichloroethane 

2-Butanone 
1,1,1-Trichloroethane 
Trichloroethene 
Benzene 5 J 5 J 4 J 
Tetrachloroethene 
Toluene 3 J 0.8 J 
Chlorobenzene 

Ethylbenzene 12 1 J 
Total Xylenes 76 7 J 3 J 3 J 2 J 3 J 2 J 
TOTAL VOCTICs 827 J 177 J 307 J 107 J 39 J 170 J 68 J 

SAMPLE SMW-7 SMW-8 SMW-8 SMW-9 SMW-9 SMW-11 ERM-11 ERM-11 ERM-15 ERM-15 
DATE SAMPLED 11/17/94 8/16/94 11/17/94 8/16/94 11/16/94 8/16/94 8/17/94 11/17/94 8/17/94 11/17/94 
AREA OF CONCERN Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Osborne Pond Osborne Pond Osborne Pond Osborne Pond 

Pesticides 
A^>ha-BHC 0.014 J 
Beta-BHC 0.013 J 
Gamma-BHC 0.380 J 0.034 J 0.069 J 
Heptachlor 0.019 J 0.030 J 

Aldrin 0.015 J 0.0084 J 
Heptachlor Epoxide 0.028 J 0.060 J 
EndosulfanI 0.026 J 
Dieldrin 0.042 J 0.045 J 

4,4'-DDE 
Endrin 0.049 J 
Endosulfanll 0.026 J 

4,4'-DDD 0.029 J 0.081 J 

4,4'-DDT 0.066 J 0.027 J 0.042 J 

Methoxychlor 0.040 J 0.047 J 

Endrin ketone 
Endrin aldehyde 
Alpha-chlordane 0.049 J 0.095 J 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. U: Undetected. 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 11 of 15 

SAMPLE SMW-7 SMW-8 SMW-8 SMW-9 SMW-9 SMW-11 ERM-11 ERM-11 ERM-15 ERM-15 
DATE SAMPLED 11/17/94 8/16/94 11/17/94 8/16/94 12/6/94 8/16/94 8/17/94 11/17/94 8/17/94 11/17/94 
AREA OF CONCERN Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Osborne Pond Osborne Pond Osborne Pond Osborne Pond 

Semi-Volatiles 
1,4-Dichlorobenzene 0.9 J 
1,2-Dichlorobenzene 2 J 
2-Methylphenol 8 J 
4-Methylphenol J 
Naphthalene 110 23 J 5 J 2 J 0.8 J 
2-Methylnaphthalene 260 J 200 19 J 12 J 2 J 9 J 3 J 
Dimethylphthalate 
Acenaphthylene 35 J 7 J 2 J 5 J 
Acenaphthene 26 J 6 J 1 J 2 J 4 J 
Dibenzofuran 21 J 15 J 4 J 6 J 1 J 4 J 
Diethylphthalate 2 J 
Fluorene 33 J 30 J 7 J 9 J 2 .J 2 J 2 J 5 J 5 J 
Pentachlorophenol 
Phenanthrene 82 63 11 J 2 J 0.8 J 0.90 J 0.70 J 2 J 8 J 5 J 
Anthracene 8 J 2 J 1 J 
Carbazole 7 J 
Fluoranthene 6 J 0.80 J 2 J 

Pyrene 8 J 10 J 2 J 0.80 J 1 J 
Butylbenzylphthalate 
bis(2-Ethy]hexyl)phthalate 6 J 2 J 4 J 2 J 1 J 

Di-n-octylphthalate 1 J 

Total Semi-Volatile TICs 2,087 J 2,285 J 558 J 322 J 127 J 891 J 42 J 119 J 1,105 J 372 J 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. 

J: Estimated value. 

U: Undetected. 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 12 of 15 

SAMPLE SMW-7 SMW-8 SMW-8 SMW-9 SMW-9 SMW-11 ERM-11 ERM-11 ERM-15 ERM-15 
DATE SAMPLED 11/17/94 8/16/94 11/17/94 8/16/94 11/16/94 8/16/94 8/17/94 11/17/94 8/17/94 11/17/94 
AREA OF CONCERN Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Fueling Pad Osborne Pond Osborne Pond Osborne Pond Osborne Pond 

Metals 
Aluminum 12,100.00 4,890.00 8,130.00 561.00 3,040.00 23,000.00 22,600.00 872.00 1,050.00 3,620.00 
Arsenic 31.80 J 21.00 30.30 J 18.30 14.30 J 6.90 B 8.20 21.90 24.20 J 
Barium 151.00 B 298.00 241.00 152.00 B 126.00 B 272.00 479.00 235.00 195.00 B 215.00 
Beryllium 
Cadmium 
Calcium 84,900.00 92,500.00 85,000.00 81,900.00 93,000.00 102,000.00 111,000.00 122,000.00 95,300.00 92,000.00 
Chromium 38.20 28.40 23.70 8.00 B 42.00 45.70 9.20 B 
Cobalt 16.60 B 15.90 B 10.00 B 17.80 B 16.90 B 12.80 B 
Copper 145.00 51.60 68.80 12.10 B 118.00 86.50 12.20 B 23.10 B 
Iron 65,500.00 63,500.00 66,900.00 25,200.00 24,400.00 40,600.00 45,100.00 8,570.00 21,300.00 29,200.00 
Lead 232.00 J 94.00 106.00 J 4.20 11.30 J 41.00 150.00 8.40 J 6.60 18.30 J 
Magnesium 17,500.00 13,300.00 13,600.00 11,500.00 17,400.00 28,700.00 39,800.00 35,000.00 12,100.00 11,600.00 
Manganese 688.00 1,100.00 1,050.00 1,310.00 1,170.00 3,440.00 1,380.00 929.00 472.00 548.00 
Mercury 
Nickel 46.60 13.70 17.60 B 25.90 B 52.60 65.70 28.10 B 18.00 B 

Potassium 5,660.00 11,200.00 13,600.00 5,330.00 7,260.00 11,400.00 12,700.00 7,460.00 7,260.00 7,500.00 

Selenium 1.40 JB 
Sodium 14,300.00 107,000.00 J 68,500.00 37,400.00 J 33,900.00 108,000.00 J 25,600.00 39,800.00 21,400.00 28,400.00 

Thallium 4.40 JB 

Vanadium 33.90 B 34.70 B 23.90 B 15.80 B 59.70 64.10 

Zinc 285.00 119.00 166.00 10.00 B 50.40 148.00 145.00 18.80 B 42.40 44.80 

Cyanide 28.90 22.90 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. U: Undetected. 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 13 of 15 

SAMPLE ERM-18 ERM-18 ERM-16 ERM-16 ERM-17 ERM-17 ERM-20 ERM-20 ERM-19 ERM-19 
DATE SAMPLED 8/17/94 11/16/94 8/17/94 11/16/94 8/17/94 11/17/94 8/17/94 11/16/94 8/17/94 11/17/94 
AREA OF CONCERN Osborne Pond Osborne Pond LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 Outfall Outfall 

Volatile Organ! cs 
Chloromethane 
Total 1,2-Dichloroethene 
1,2-Dichloroethane 

2-Butanone 
1,1,1 -Trichloroethane 
Trichloroethene 
Benzene 1 J 
Tetrachloroethene 
Toluene 2 J 2 J 
Chlorobenzene 
Ethylbenzene ~2 J 10 
Total Xylenes 14 14 
TOTAL VOCTICs 1,261 J 1,467 J 99 J 90 J 54 J 114 J 52 J 71 J 146 J 169 J 

SAMPLE ERM-18 ERM-18 ERM-16 ERM-16 ERM-17 ERM-17 ERM-20 ERM-20 ERM-19 ERM-19 
DATE SAMPLED 8/17/94 11/16/94 8/17/94 11/16/94 8/17/94 11/17/94 8/17/94 11/16/94 8/17/94 11/17/94 
AREA OF CONCERN Osborne Pond Osborne Pond LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 Outfall Outfall 

Pesticides 
Afcha-BHC 0.013 J 0.014 J 
Beta-BHC 0.016 J 0.094 J 0.011 J 
Gamma-BHC 0.025 J 0.015 J 0.023 J 0.027 J 
Heptachlor 
Aldrin 0.034 J 
Heptachlor Epoxide 0.043 J 0.059 J 
Endosulfanl 0.039 J 0.033 J 
Dieldrin 0.092 J 0.24 J 0.090 J 0.022 J 
4,4'-DDE 0.020 J 
Endrin 0.041 J 0.31 J 0.093 J 0.068 J 
Endosulfanll 0.055 J 0.53 J 0.060 J 0.061 J 
4,4'-DDD 
4,4'-DDT 0.41 J 
Methoxychlor 
Endrin ketone 0.033 J 
Endrin aldehyde 
Alpha-chlordane 0.020 J 0.013 J 

NOTES: lints are micrograms per liter. TICs: Tentatively Identified Compounds. J: Estimated value. 

B (metals):, Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. U: Undetected 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 14 of 15 

SAMPLE ERM-18 ERM-18 ERM-16 ERM-16 ERM-17 ERM-17 ERM-20 ERM-20 ERM-19 ERM-19 
DATE SAMPLED 8/17/94 12/6/94 8/17/94 12/6/94 8/17/94 11/17/94 8/17/94 12/6/94 8/17/94 11/17/94 
AREA OF CONCERN Osborne Pond Osborne Pond LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 Outfall Outfall 

Seml-Volatiles 
1,4-Dichlorobenzme 

1,2-Dichlorobenzene 
2-Methyhihenol 
4-Methy]phenol 
Naphthalene 11 J 7 J 18 J 15 
2-Methylnaphthalene 120 110 6 J 4 J 4 J 0.50 J 2 J 
Dimethylphthalate 
Acenaphthylene 5 J 0.70 J 2 J 4 J 3 J 
Acenaphthene 9 J 9 J 11 2 J 8 J 7 J 
Dibenzoruran 6 J 7 J 6 J 7 J 1 J 2 J 2 J 7 J 2 J 5 J 
Diethyhtothalate 
Fluorene 16 J 14 J 10 J 11 2 J 3 J 2 J 12 J 7 J 9 J 
Pentachlorophenol 
Phenanthrene 19 J 22 J 10 13 1 J 0.9 J 12 J 2 J 6 J 

Anthracene 2 J 1 J 2 J 0.8 J 2 J 0.90 J 3 J 
Carbazole 2 J 9 J 4 J 

Fluoranthene 1 J 3 J 1.0 J 

Pyrene 3 J 3 J 0.70 J 2 J 1 J 

Butylbenzylphthalate 1 J 
bis(2-Ethylhexyl)phthalate 3 . J 1 J 

Di-n-octylphthalate 
Total Semi-Volatile TICs 1,148 J 1,815 J 239 J 297 J 135 J 107 J 205 J 962 J 300 J 468 J 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. U: Undetected. 



TABLE 5-6 
COMPOUNDS DETECTED IN GROUND WATER SAMPLES 

METRO-NORTH HARMON YARD, CROTON-ON-HUDSON, NEW YORK 
Page 15 of 15 

SAMPLE ERM-18 ERM-18 ERM-16 ERM-16 ERM-17 ERM-17 ERM-20 ERM-20 ERM-19 ERM-19 
DATE SAMPLED 8/17/94 11/16/94 8/17/94 11/16/94 8/17/94 11/17/94 8/17/94 11/16/94 8/17/94 11/17/94 
AREA OF CONCERN Osborne Pond Osborne Pond LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 LMS-GW5 Outfall Outfall 

Metals 
Aluminum 12,700.00 16,400.00 428.00 1,430.00 1,370.00 2,740.00 513.00 3,000.00 3,740.00 5,460.00 
Arsenic 22.00 34.10 J 32.20 20.60 J 10.10 13.40 J 22.70 18.10 J 8.10 B 11.20 J 
Barium 258.00 233.00 450.00 434.00 258.00 307:00 248.00 241.00 331.00 387.00 
Beryllium 1.10 B 
Cadmium 8.20 8.10 
Calcium 61,900.00 59,700.00 125,000.00 134,000.00 135,000.00 147,000.00 86,700.00 82,100.00 118,000.00 144,000.00 
Chromium 40.50 53.50 7.20 B 9.40 B 
Cobalt 18.90 B 29.40 B 10.60 B 10.70 B 
Copper 133.00 134.00 8.60 B 8.00 B 9.40 B 12.60 B 26.70 33.90 
Iron 67,800.00 97,400.00 24,100.00 25,100.00 15,300.00 23,800.00 13,700.00 22,900.00 29,300.00 37,300.00 
Lead 202.00 216.00 J 4.50 10.10 J 8.80 15.90 J 5.00 13.60 J 16.00 91.80 J 
Magnesium 7,980.00 10,600.00 24,200.00 24,400.00 26,900.00 30,700.00 18,200.00 15,800.00 24,700.00 20,500.00 
Manganese 839.00 693.00 908.00 1,160.00 1,440.00 1,640.00 663.00 770.00 1,870.00 2,600.00 
Mercury 
Nickel 30.90 B 58.30 B U U 26.10 U 12.40 B 18.70 B 15.60 B 
Potassium 13,900.00 12^00.00 9,410.00 8,360.00 11,100.00 10,900.00 8,250.00 8,960.00 9,920.00 10,800.00 
Selenium 2.20 B 1.20 JB 
Sodium 21,500.00 17,800.00 415,000.00 379,000.00 197,000.00 285,000.00 69,300.00 79,800.00 200,000.00 237,000.00 
Thallium J 10.90 JB 
Vanadium 38.20 B 46.40 B 
Zinc 159.00 226.00 7.30 B 16.10 B 19.60 32.40 7.80 B 36.30 37.40 63.20 

Cyanide 19.10 20.00 

NOTES: Units are micrograms per liter. TICs: Tentatively Identified Compounds. J: Estimated value. 

B (metals): Concentration is between the Instrument Detection Limit and the Contract Required Detection Limit. U: Undetected. 



No PCBs were detected in any ground water sample, from either sampling 

event. Trace concentrations of several pesticides were detected in wells within 

the Locomotive Fueling Pad, Osborne Pond, and LMS-GW5 AECs. As a 

result of these detections, the pesticide concentrations were used as an 

indicator group. With the exception of iron, manganese, and arsenic, metals 

were not detected at concentrations significantly above background. One 

sample contained arsenic at a level slightly exceeding the New York State 

drinking water standard. Elevated concentrations of iron and manganese were 

detected in wells throughout the Yard, including the background wells, which 

is consistent with observations at other sites with petroleum impacts. The 

concentrations of iron, lead, and manganese are shown on Figure 5-2. The 

increased solubility of these metals is possibly due to enhanced biological 

activity, resulting from biodegradation of the NAPL. Another possible source 

of iron and manganese in the ground water is the degradation of tracks and 

other metal objects by stray electrical currents at the Yard. 

In general, the concentrations of VOCs and SVOCs at the Yard are low. The 

VOC and SVOC results are discussed, on an AEC-by-AEC basis, in the 

sections that follow. The detections of these compounds indicates that there 

has been some impact to the ground water by the petroleum NAPLs 

historically used at the Yard. However, based on the concentrations found, 

the impact is minor. The indicator groups used to the show the distribution of 

VOCs and SVOCs at the Yard were BTEX and napthalenes, respectively. The 

concentration of these indicators from the August sampling round are shown 

on Figure 5-2. 

The data packages were evaluated by a certified data validator. Concentrations 

in Table 5-6 have been reported as recommended by the data validations. 
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5.5.1 Background 

Three background wells (ERM-1, ERM-22, ERM-23) were installed at the 

north end of the Yard, to evaluate upgradient ground water quality and to 

provide spatially representative coverage of the Yard. No SVOCs were 

detected in any of these wells during either sampling event. No VOCs were 

detected in ERM-22 or ERM-23 at any time, or in ERM-1 during the August 

sampling round. In November, ERM-1 contained trichloroethene at a 

concentration of 1 ug/1. 

5.5.2 Monitoring Well LMS-GW1 

Three wells were installed in this AEC. ERM-2 and ERM-3 were installed 

adjacent to the areas where the buried locomotive fuel filters were found, and 

ERM-21 was installed to replace LMS-GW1. 

No VOCs were detected in ERM-3 during either sampling round, or in ERM-2 

in August. Total VOCs in ERM-2 were 16 ug/1 in November. Total VOC 

concentrations in ERM-21 decreased from 78 ug/1 to 18 ug/1 between the 

August and November sampling events. 

SVOC concentrations also decreased from August to November in each of the 

three wells. The November results for both ERM-2 and ERM-3 were below 

detection limits, which represented a decrease from the August concentrations 

of 6 ug/1 and 2 ug/1, respectively. SVOC concentrations in ERM-21 decreased 

from 705 ug/1 in August to 118 ug/1 in November. 

5.5.3 Electric Shop and Sewer Line 

Wells ERM-24 and ERM-25 were installed to evaluate ground water in this 

area. Between the August and November sampling rounds, ERM-24 was 

destroyed by construction activities at the Yard. 
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5.4 

In August, ERM-24 contained 1 ug/1 of tetrachloroethene. No VOCs were 

detected in ERM-25 during either sampling round, and no SVOCs were ever 

detected in either well. 

Distribution Center Warehouse 

Two wells, ERM-4 and ERM-5, were installed at the southern end of the 

Distribution Center. Since NAPL was detected in ERM-5, only ERM-4 was 

sampled. The only VOC detected in ERM-4 in August and November was 

ric-h4ojog|h^^jBg^ 
respectively. The compound 2-methylnaphthalene was the only SVOC 

detected, at a concentration of 1 ug/1, during the second sampling round. 

iVOCs were detected in August. 

P " ^ ^ M~^;**L H rnJLjd^ & /s 
0 u v * /? A tsA^ A/fyL kfruJ 

events. 

Only one (MW-7) of the twelve existing wells in this area was found not to 

contain NAPL. One additional well' (ERM-6) was installed in this area by- * 

ERM. Samples were collected from both of these wells during both sampling 

VOC concentrations in ERM-6 increased between the sampling rounds, from 

undetected to 9 ug/1, while in MW-7, VOCs decreased from 55 ug/1 to 40.5 

ug/1. No SVOCs were detected in ERM-6 during either sampling event. 

SVOC concentrations in MW-7 decreased between August and November, 

_4fom 4 ug/1 to 1.8 ug/1'. 

y 

5.6 Croton Point Avenue Bridge 

No permanent monitoring wells were installed in this area. Therefore, no 

ground water samples were collected. 
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5.5.7 Maintenance-of-Way Storage Building 

5.5.8 

Wells ERM-7 and ERM-8 were installed on either side of the fuel line that 

formerly ran through this area. NAPL was detected in ERM-8, so it was not 

sampled. In ERM-7, the total concentrations of VOCs were 3 ug/1 in August 

and 7 ug/1 in November. The SVOC concentrations in ERM-7 decreased from 

107 ug/1 to 30 ug/1 between the sampling events. 

Locomotive Fueling Pad / /^A^UL^ 

Y 

Investigation of the fueling pad area/was performed by IEM/Sealand, Inc., as 

part of the redesign of the fueling pad. A total of 11 wells were installed 

here. No samples were collected from SMW-4, SMW-5, SMW-6, SMW-8, or 

SMW-10, because these wells Contained NAPL. A sixth well, SMW-ll, could 

not be sampled in November/because it was destroyed between August and 

November. /In August, no VOCs were detected in SMW-ll, and the total 

JC concentration in this well was 4.5 ug/1. 

Each of the remaining wells were sampled during both rounds of sampling. 

SMW-1 and SMW-2 both contained minor concentrations of VOCs, ranging 

from 2 ug/1 to 12 ug/1. The SVOC concentrations in these wells decreased 

between the two sampling events: in SMW-1, SVOCs decreased from 372 

ug/1 to 177 ug/1 and in SMW-2, SVOCs decreased from 99 ug/i 

The VOC concentrations in three of the four wells in the Locomotive Fueling 

Pad Area decreased from August to November. The decrease was from 160 

ug/1 to 56 ug/1 in SMW-3, from 7 ug/1 to 3 ug/1 in SMW-8, and from 9 ug/1 

to 6.8 ug/1 in SMW-9. In SMW-7, total VOCs increased slightly tetween the 

sampling rounds, from 86 ug/1 to 96 ug/1. 

The total SVOC concentrations in the four wells sampled in this area all 

decreased between the sampling rounds. In SMW-3, concentrations declined 
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from 3,239 ug/1 to 195 ug/1, while in SMW-7, the change was from 873 ug/1 

to 563 ug/1. SMW-8 showed a decrease from 388 ug/1 to 58 ug/1, and 

concentrations in SMW-9 decreased from 42 ug/1 to 11.7 ug/1. ,# 
• j 

5.5.9 Former Million Gallon Tank \ ® 

Two wells, ERM-9 and ERM-10, were installed in this area. Both have a 

consistently contained several inches of NAPL, so no ground water sampling 

was performed in this AEC. (I/? 

• » % 

5.5.10 Osborne Pond 4 ^ 
'0" ,-x 

>3-„ r, A A total of six wells (ERM-11 through ERM-15, ERM-18) were installed in <3fap A 

and around Osborne Pond. Of these, ERM-12, ERM-13, and ERM-14 have ^ y \ 

consistently contained NAPL. ERM-11, ERM-15, and ERM-18 were each '• i 
\ sampled twice. v 

The concentrations of total VOCs were approximately the same in both 

sampling rounds in ERM-11 and ERM-15. VOCs were non-detect in both 

rounds at ERM-11 and 3 ug/1 in August and 2 ug/1 in November in ERM-15. 

In ERM-18, total VOC concentrations increased from 19 ug/1 in August to 26 

ug/1 in November. The total SVOC concentrations in ERM-11 ranged from 

4.7 ug/1 in August to 11.8 ug/1 in November. In ERM-15, the SVOC 

concentrations ranged from 31 ug/1 to 18 ug/1, and in ERM-18, SVOCs ranged 

from 184 ug/1 to 181 ug/1. 

5.5:11 Monitoring Well LMS-GW5 

Three wells were installed in this area. ERM-20 was installed as a 

replacement for well LMS-GW5. Wells ERM-16 and ERM-17 were installed 

at locations west and south, respectively, of LMS-GW5. 
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No VOCs were detected in any of these wells during either round of sampling. 

The total SVOC concentrations showed a minimal increase in each well from 

the first to the second sampling event. In ERM-16, the total went from 62.40 

ug/1 to 76 ug/1, and in ERM-17, total SVOCs increased from 6 ug/1 to 8.7 

ug/1. The total SVOC concentrations in ERM-20 showed the greatest increase, 

from 8 ug/1 to 45 ug/1. 

12 Old Oil/Water Separator 

No permanent monitoring wells were installed in this area. Therefore, no 

ground water samples were collected. 

13 Outfall 

One well, ERM-19, was installed along the outfall pipe. No VOCs were 

detected in either ground water sample from this well. The total SVOC 

concentrations showed a small increase between the sampling rounds; from 

15.40 ug/1 in August to 35.0 ug/1 in November. 

14 Summary of Ground Water Quality yS 

Inigefrejcal, the ground water sampling results iiraicate that neither the 

operations at^the-Yard nor the NAPL present in some areas of the Yard have 

had a significant imjJaction the groundwater at the Yard. Petroleum-related 

compounds were found witrHhe man frequency, and included benzene, 

toluene, ethylbenzene, xylenes.^aphtiialene, 2-methylnaphthalene, 

phenanthrene, iron, and manganese. Wfththe exception of iron and 

manganese, which are present in most wells at̂ SQncentrations above the 

NYSDOH Part 5 Drinking Water Standards (the Part^S§tandards), there were 

only a few locations where the concentrations of the petroleurh*related 

compounds exceeded the Part 5 Standards. A few non-petroleum related 

compounds were also found; they tended to be found in only one or two of̂ the 
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wells at the Yard and the concentrations generally only exceeded the Part 5 

Standards in one of the two rounds of sampling. It is important to note that, 

although the Part 5 Standards were used as the basis for evaluation of the 

ground water data, there are no potable wells at Harmon Yard and ground 

water at the Yard is not used as a source of potable water for either on- or off-

site users. 

No PCBs were detected in any ground water samples from either of the 

sampling events. Trace concentrations of several pesticides were detected in 

wells in the Locomotive Fueling Pad Area, in Osborne Pond, and in the wells 

in the vicinity of LMS-GW5. However, only one pesticide, Endrin, exceeded 

the Part 5 Standards in one well. The exceedance only occurred in one round 

of sampling and was not repeated in the other round from that well. 

Trace concentrations of VOCs were also detected in several wells. The VOCs 

detected most frequently were ones associated with petroleum and included 

benzene, toluene, ethylbenzene, and xylenes. The concentrations of the 

compounds exceeded the Part 5 Standards in one to four of the wells. The 

exceedances were generally minor and, in some cases, only occurred in one 

round of sampling. In addition, chloromethane and chlorobenzene were 

detected in one well each. 

Similarly, methylnaphthalene, 2-methylnaphthalene, and phenanthrene, three 

petroleum-related constituents, were found in concentrations that exceeded the 

Part 5 Standards in three to seven of the wells sampled. The only other SVOC 

that occurred in concentrations that exceeded the Part 5 Standards was 

pentachlorophenol. Pentachlorophenol exceeded the Part 5 Standard in only 

one well. 

Four metals were found in concentrations which exceeded the Part 5 

Standards. These included iron, manganese, cadmium, and arsenic. Arsenic 

exceeded the standards in one well and cadmium marginally exceeded its Part 
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5 Standard in six wells. Iron and manganese concentrations exceeded the Part 

5 Standards in 26 and 24, respectively, of the 26 wells sampled. However, it 

should be noted that the background concentrations of iron and manganese also 

exceed the Part 5 Standards. The occurrence of iron, manganese, and to some 

extent lead, may be related to the presence of petroleum in the subsurface. It 

is not unusual at sites impacted by petroleum to see elevated levels of iron and 

manganese in the ground water. The increased biological activity that results 

from the presence of petroleum creates anaerobic conditions in the subsurface 

and the subsequent solubilization of iron and manganese. Another possible 

source of iron and manganese in the ground water is the degradation of tracks 

and other metal objects by stray electrical currents at the Yard. 
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SUMMARY AND CONCLUSIONS 

The Field Investigation was performed to evaluate the extent of NAPL in and 

around Harmon Yard. Twelve areas where NAPL was known or suspected to 

exist, plus background, were examined. Initially, a series of temporary wells 

were installed in each area, to verify the presence of NAPL and to delineate its 

extent, to a thickness of six inches or less. Based on the results of the 

temporary well monitoring program, the Croton Point Avenue Bridge and Old 

Oil/Water Separator AECs were eliminated from further investigation. 

Soil samples were collected from those areas where NAPL had been detected. 

Additional soil samples were analyzed from background locations and AECs 

without NAPL, in order to evaluate soil quality across the Yard. In addition, 

selected soil samples from both the temporary NAPL delineation wells and 

permanent monitoring wells were analyzed in the field for fuel components, 

using the HNu-Hanby test kit. 

A network of 25 permanent monitoring wells was installed to supplement the 

existing 25 wells at the Yard. Measurements of NAPL thickness and water 

level were collected monthly to evaluate ground water flow at the Yard. 

Additional data on ground water flow conditions were provided by performing 

a tidal study and slug tests on selected wells. Two rounds of ground water 

samples were analyzed to assess ground water quality. 

A summary of the results from the NAPL delineation, soil characterization, 

and ground water characterization programs are presented for each AEC in the 

sections that follow. These results will be used to evaluate the need for 

remediation within each area. ERM has made some preliminary 

recommendations in the following sections of this report regarding the need for 

remediation in each AEC. This preliminary evaluation is based upon a review 

of the product thickness measurements, the soil data, and the ground water 

data. In general, ERM's approach to remediation at the Yard will be to 
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initially focus on control and removal of the NAPL. Since NAPL appears to 

be the only source of impacts to the soil and ground water, it is the only 

source that will require remediation. Once the NAPL is removed, the soil and 

ground water can be evaluated. A preliminary review of the soil data suggests 

that the NAPL has had some impact on the soils, but the impact is minor and 

usually restricted to a small area. Furthermore, a review of the ground water 

data indicates that the NAPL has had a negligible impact on the ground water. 

Therefore, the concentrations of compounds in the soil are sufficiently low that 

they are not causing an adverse impact to the ground water. In view of the 

fact that ground water has not been impacted, it is likely that no soil 

remediation will be necessary. 

A more complete description of the remedial options and recommendations for 

NAPL, soil, and ground water will be presented in the Remediation Plan for 

the Yard, which is currently being prepared. It is expected that this document 

will be submitted to NYSDEC within three months. 

BACKGROUND 

The north end of the Yard was used for evaluation of background conditions. 

No temporary wells were installed here, as there was no suggestion that NAPL 

would be found in this area. 

Soil samples, collected from the boring for monitoring well ERM-1, showed 

no indication of NAPL. This was also the case for samples collected from the 

locations of wells ERM-22 and ERM-23, which were field-analyzed using the 

HNu-Hanby kit. Ground water from these wells was likewise free of 

compounds that would suggest impacts by NAPL. Therefore, the conditions 

found in this area are considered to be representative of background and no 

additional work is required in this area. 
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MONITORING WELL LMS-GWl 

The NAPL sample collected from LMS-GWl was identified as diesel fuel with 

an estimated exposure time of more than 20 years. Because of the age of the 

well and the need to have a set of wells that were constructed at approximately 

the same time and in the same manner, in order to evaluate the distribution of 

NAPL, LMS-GWl was replaced during the Field Investigation. None of the 

temporary or permanent wells subsequently installed in this area showed any 

NAPL. 

The soil samples collected from the interval around the water table in this 

AEC showed some evidence of impact by SVOCs. However, with the 

exception of iron and manganese, the ground water samples showed almost no 

impact. Since there is no NAPL and only a minimal impact was noted in the 

soils, it is unlikely that any remediation will be required in this area. 

However, some additional NAPL monitoring may be prudent in light of the 

fact that LMS-GWl did contain product. 

ELECTRIC SHOP AND SEWER LINE 

No NAPL was detected in any of the three temporary wells installed around 

the Electric Shop. Soil samples, collected within an equipment storage area 

west of the Electric Shop, showed only a slight impact from SVOCs. 

However, no indication of impacts to ground water was detected in either of 

the two wells installed in this AEC. Therefore, it is likely that no further 

work will be required in this area. 

DISTRIBUTION CENTER WAREHOUSE 

Four temporary wells were installed around the warehouse. NAPL was only 

detected in one well, located at the southeast corner of the building. The 
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NAPL found in the temporary well was identified as diesel fuel, with an 

exposure time of eight to eleven years. 

Two soil samples were collected from a boring installed near the temporary 

well with NAPL. Despite the fact that NAPL was detected in both this 

temporary well (DC-B4) and the corresponding permanent well (ERM-5), the 

soils contained only minor concentrations of SVOCs. The ground water from 

well ERM-4 showed no impacts from NAPL. 

The source of the NAPL in this area does not appear to be the Recovery Well 

Area, based on the difference in the age estimates. However, the results of 

the temporary well program suggest that the NAPL in ERM-5 has not 

impacted a large area. Additional investigation will be difficult, due to 

construction activities, buried utilities, and other access restrictions. 

Therefore, remediation in this area will likely consist of NAPL recovery from 

ERM-5, probably in conjunction with remediation in the Recovery Well Area. 

RECOVERY WELL AREA 

A network of 12 permanent wells was installed in this area prior to the Field 

Investigation. Eleven of these wells were found by ERM to contain NAPL. 

One temporary well (RW-B101) was therefore installed north of MW-10, to 

delineate the boundary of the NAPL plume to the north (this well also served 

to delineate the boundary of the NAPL detected around the Distribution 

Center). Another temporary well, RW-B102, was installed to delineate the 

boundary of the NAPL to the south. No NAPL was detected in either of these 

wells. 

The third temporary well installed in this area was used for the equilibration 

test, as described in Section 3.3. A NAPL sample collected from the 

temporary well was determined to be diesel fuel with an exposure time of 13 

to 17 years. 
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Soil quality near the water table away from the pipe leak suggests that, as a 

result of water level fluctuations, NAPL has impacted the deeper soils. Both 

VOCs and SVOCs were found in the deeper soil samples, collected in the 

vicinity of the water table. Ground water in the two wells within the Recovery 

Well Area that do not contain NAPL shows minor concentrations of VOCs 

that are consistent with petroleum. 

A NAPL recovery system was installed in this area in 1991. Its effectiveness 

will be evaluated and, if warranted, modifications to the system will be 

recommended. 

CROTON POINT AVENUE BRIDGE 

NAPL was not detected in any of the three temporary wells installed in this 

AEC. Since NAPL was not detected, no soil samples were collected for 

laboratory analysis, and no permanent wells were installed here. No additional 

investigation is required in this area. 

MAINTENANCE-OF-WAY STORAGE BUILDING 

Two temporary wells were installed around the fuel line that ran from the 

fueling pad area to the Electric Shop, through the Recovery Well Area. Two 

permanent wells were subsequently installed here. NAPL was not detected in 

either temporary well, but was found in the western permanent well (ERM-8). 

Three shallow soil samples were collected, and showed only trace 

concentrations of SVOCs. Similarly, two ground water samples from 

permanent well ERM-7 showed only trace levels of SVOCs, and manganese 

and iron. It is therefore unlikely that remediation other than NAPL recovery 

will be necessary here. 

ERM-NORTHEAST 6-5 68000105.696Vtm\tm 



LOCOMOTIVE FUELING PAD 

Investigation of the fueling pad area was performed by IEM/Sealand, Inc., as 

part of the redesign of the fueling pad. A total of 11 permanent wells were 

installed here. NAPL has consistently been detected in five of these wells: 

SMW-4, SMW-5, SMW-6, SMW-8, and SMW-10. A NAPL sample from 

this area was identified as diesel fuel, with an estimated exposure time of 17 to 

22 years. 

Four soil samples were collected in this area. No significant concentrations of 

VOCs or SVOCs were detected in the surface sample from the railroad tie 

storage area, located west of the fueling pad. Each of the other samples (two 

surface and one deeper) contained VOCs and/or SVOCs at concentrations 

suggesting impacts from fuel oil. 

The ground water samples collected from the wells in the Locomotive Fueling 

Pad Area are the only wells in the Yard that show significant impact by VOCs 

and SVOCs. These compounds (benzene, toluene, ethylbenzene, naphthalene, 

and 2-methylnaphthalene) are all consistent with impacts by diesel fuel, and 

are related to operations in this area. A NAPL recovery system will be 

installed in this area and the need for soil remediation will be evaluated, based 

on the results of the NAPL recovery effort. 

FORMER MILLION GALLON TANK 

Two temporary wells were installed in this area. No NAPL was detected in 

either one. However, a thin layer of NAPL has been found in each of the two 

permanent wells installed here. This material was identified as diesel fuel, 

with an estimated exposure time of more than 20 years. 
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Soil samples collected in this AEC contained SVOC concentrations that 

suggest the possibility of NAPL impacts. No ground water samples were 

collected from the wells because of the presence of NAPL. 

It is expected that NAPL recovery will be required in this AEC. The need for 

soil remediation will be evaluated further. 

6.10 OSBORNE POND 

NAPL was detected in five of the eight temporary wells installed in and 

around Osborne Pond. The thickness of the NAPL in this area has ranged 

from 1 to 5 feet. A sample of the NAPL was determined to be diesel fuel, 

with an estimated exposure time of more than 20 years. 

Four shallow soil samples were collected from the well locations in Osborne 

Pond. Ground water is shallow at this AEC and Osborne Pond is occasionally 

flooded. The soil samples show that minor concentrations of VOCs and 

pesticides, and more significant concentrations of SVOCs are present in the 

soils at Osborne Pond. These soils have been impacted by surface runoff from 

the rest of the Yard. In addition, coal ash may have historically been used as 

fill in this area. As at other AECs, despite the presence of NAPL and soils 

impacted by SVOCs, the ground water shows little to no impact by VOCs or 

SVOCs. As noted at many of the other AECs, with the exception of iron and 

manganese, the compounds in the soils are not leaching into the ground water. 

As a result of the presence of NAPL, some NAPL recovery will be necessary 

at Osborne Pond. Depending upon the effectiveness of the recovery system, 

soil remediation may also be evaluated for this area. 
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6.11 MONITORING WELL LMS-GW5 

Three temporary wells were installed in the vicinity of LMS-GW5. No NAPL 

was found in any of them. Since NAPL had been found in LMS-GW5, the 

decision was made to install two permanent wells in this area. In addition, in 

order to have one set of wells that was installed at the same time and in the 

same manner, LMS-GW5 was replaced. None of the permanent wells 

installed in this area have shown any evidence of NAPL. 

Soil samples collected from the locations of the permanent monitoring wells 

showed trace levels of VOCs and pesticides and more significant levels of 

SVOCs. However, with the exception of iron and manganese, the ground 

water samples collected from the three wells show no evidence of impacts. 

Since there is no NAPL in this area and the SVOCs are not migrating to 

ground water, it is unlikely that remediation will be proposed for this area. 

6.12 OLD OIL/WATER SEPARATOR 

NAPL was detected at a thickness of 0.01 feet on one occasion in one of the 

two temporary wells installed around the old separator. The NAPL had 

disappeared by the next day. All material in the separator tank was later 

removed by a Metro-North contractor, and the separator body was filled. 

Therefore, no soil samples were collected for laboratory analysis and no 

permanent monitoring wells were installed in this area. It is unlikely that any 

further investigation or additional remediation will be required here. 

Additional data may be collected in the vicinity of the old oil/water separator 

and outfall as part of the OU II investigation. 

6.13 ^ OUTFALL ^ ' ^ ^ ^ 

Seven temporary wells were installed in this area. Four of these were located 

southwest of well LMS-GW5. NAPL was detected in the two southernmost of 
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these wells, at thicknesses up to 0.13 feet. It was subsequently learned that 

this property is owned by Westchester County, and therefore, no additional 

work was performed at these locations. 

The other three temporary wells were installed in test pits at the south end of 

the Yard, along the 54-inch diameter outfall pipe. Permanent well ERM-19 

was subsequently installed at one of these locations. No NAPL was detected 

in any of these wells. 

Soil samples collected from the test pits contained low concentrations of 

SVOCs, and the concentrations increased from north to south. With the 

exception of the concentrations of iron and manganese, the ground water from 

the well at the outfall showed no impact in petroleum. Therefore, it is 

unlikely that remediation will be required in this AEC. 

6.14 CONCLUSIONS 

This Field Investigation was conducted by ERM at Harmon Yard between 

March 1994 and January 1995. Activities included the installation and 

monitoring of 39 temporary wells, collection of 35 soil samples for laboratory 

analysis, collection of 43 additional soil samples for field analysis, installation 

of 25 permanent monitoring wells, regular gauging of the monitoring well 

network, and two rounds of ground water sampling. In addition, slug tests 

were performed on 20 permanent wells, to estimate hydraulic conductivities, 

and a tidal study was performed, to evaluate tidal effects on ground water flow 

at the Yard. 

Data from the regular well gauging program showed that ground water flow is 

toward the north (toward the Hudson River) at the north end of the Yard and 

toward the south (toward Croton Bay) at the south end of the Yard. There is a 

ground water divide located in the vicinity of the fire tanks at the Yard's north 

end. Hydraulic conductivity estimates, determined from the slug testing, 

ERM-NORTHEAST 6 - 9 68000105.696\tm\tm 



generally range from 0.07 to 4.62 meters per day. Results of the tidal study 

indicate that there is no significant tidal influence on the ground water flow 

system at the Yard. 

NAPL was detected on the ground water in the following six areas examined 

during this investigation: Distribution Center Warehouse, Recovery Well Area, 

Maintenance-of-Way Building, Locomotive Fueling Pad, Former Million 

Gallon Tank, and Osborne Pond. The presence of NAPL has also impacted 

the soils at several of the AECs. In addition, at the Locomotive Fueling Pad, 

VOCs and SVOCs in the soils have leached into the ground water. At a 

minimum, product recovery will be necessary in those areas where NAPL was 

found. Various options and recommendations for NAPL recovery will be 

presented in the Remediation Plan. The need for soil remediation will be 

evaluated, based on impacts to ground water, and, if necessary, remedial 

alternatives will also be addressed in the Remediation Plan. 

Based on the absence of NAPL and/or impacts to soil or ground water, the 

remaining AECs will probably not require any additional investigation or 

remediation. These areas include the Background, Monitoring Well LMS-

GW1, Croton Point Avenue Bridge, Monitoring Well LMS-GW5, Old 

Oil/Water Separator, and Outfall AECs. Some additional monitoring may be 

implemented in these areas, to evaluate any potential accumulation of NAPL 

over time. 

In spite of the presence of NAPL and the impacts to soil, ground water quality 

across the Yard shows little impact. The primary compounds found at the 

AECs, SVOCs, are not leaching into the ground water at the Yard. Since the 

ground water shows only minor impacts, there is minimal potential for any 

compounds found in the soils at the Yard to reach either Croton Bay or the 

Hudson River. Remediation of ground water at the Yard is therefore unlikely 

to be required. However, in order to confirm that SVOCs are not leaching 
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into the ground water, a program of periodic ground water sampling and 

analysis should be developed and implemented. 
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Section 5 



REMEDIAL ACTION OBJECTIVES 

This section presents the development of remedial action objectives for the 

Site. The NYSDEC Technical and Administrative Guidance Memorandum 

(TAGM) entitled "Selection of Remedial Actions at Inactive Hazardous 

Waste Sites" (HWR-90-4030; 15 May 1990) provides for the development 

of remedial action objectives in order to determine the extent of 

remediation, if any, which may be necessary at a site. Remedial action 

objectives consist of medium-specific or operable-unit specific goals to 

protect human health and the environment. 

According to this NYSDEC Feasibility Study guidance, the media to be 

evaluated for remediation are identified based on the nature and extent of 

contamination, and on applicable or relevant and appropriate New York 

State Standards, Criteria and Guidance (SCGs). As identified in Section 

375-1.10(c)(l)(ii) of the NYSDEC Inactive Hazardous Waste Disposal Site 

Remedial Program regulations, SCGs are provided in a listing prepared 

by the NYSDEC (NYSDEC, 1993d). 

A remedial action objective which reflects a promulgated or legally 

enforceable chemical concentration may be defined as a chemical-specific 

SCG. Additional SCGs may be based on the site location or pertain to a 

technology considered for remediation. These SCGs are referred to as 

location specific and action specific, respectively. The purpose of SCGs is 

to protect human health and the environment and comply with related 

federal and state laws, regulations and guidelines. 

In the case of protection of human health, remedial action objectives 

usually reflect the concentration of a chemical of concern and the potential 

exposure route since protection may be achieved by reducing potential 

exposure (e.g., well restrictions, limiting access) as well as by reducing 

concentrations. Remedial action objectives which are established for 
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protection of environmental receptors-are usually intended to preserve or 

restore a resource. As such, environmental remedial action objectives are 

set for a medium of interest and a target concentration level. 

Following development of the remedial action objectives, the NYSDEC 

TAGM FS guidance referenced above recommends that general response 

actions be developed. General response actions describe those actions 

that: (1) satisfy the remedial action objectives; and (2) are to be considered 

in the development of remedial action alternatives. General response 

actions are descriptive terms which are intended to satisfy the remedial 

action objectives and potential SCGs. Typically, general response actions 

are medium-specific and may include containment, excavation, treatment, 

disposal, institutional actions, or a combination of these general remedial 

approaches, to achieve the remedial action objectives. 

The NYSDEC TAGM FS guidance also suggests that volumes of media to 

which general response actions might be applied be identified. These 

volumes should take into account requirements for the protectiveness of 

human health and the environment as identified in the remedial action 

objectives and the chemical and geological characterization of the site. 

IDENTIFICATION OF SCGs 

Table 5-1 presents potential NYSDEC SCGs which may govern 

remediation at the Site. This table lists: the regulatory citation; a 

description of the SCG; whether the SCG is chemical, action or location 

specific; and the reason the SCG is listed on this table and will be used in 

the evaluation of the remedial actions at the Site. The relevance of the 

SCGs listed for the Site and to remedial actions included in the 

development of alternatives is discussed with the evaluation of each 

alternative in Section 7.0 (i.e., in the evaluation of the ability of each 

remedial action alternative to comply with the SCGs). 
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The National Contingency Plan (NCP) establishes applicable or relevant 

and appropriate requirements (ARARs) which are the federal equivalent 

of the NYSDEC SCGs, and defines To Be Considered (TBC) information as 

other advisories, criteria or guidance, as well as proposed standards 

issued by federal or state agencies, that while not meeting the definition of 

an ARAR should also be considered in remedial decisions (NCP at 40 CFR 

300.400(g)(3)). The preamble to the NCP states that TBCs are to be used 

on an "as appropriate" basis. Because federal TBCs are not promulgated 

or enforceable, they do not have the same weight as ARARs (or SCGs in 

the case of New York State (NYS), and thus, consideration of TBCs is not 

required. 

This report uses the TBC approach established in the NCP in order to 

address NYSDEC and USEPA regulations or guidelines that have not been 

identified as an SCG by the NYSDEC but which may be applicable and 

appropriate to remedial actions that are to be evaluated for the Site. That 

is, USEPA and additional NYSDEC regulations or guidelines are listed in 

Table 5-1 as To Be Considered Information and are used in Section 7.0 in 

the evaluation of remedial actions at the Site. 

5.2 MEDIA OF INTEREST 

As discussed in previous sections, the following four environmental 

media were evaluated during the OU-II RI: (1) soil along the former waste 

water discharge line; (2) ground water in the vicinity of the former lagoon 

area; (3) sediment in Croton Bay near the outfall area for the former and 

the currently active waste water and storm water discharge lines; and (4) 

NAPL in the vicinity of the former lagoon. OU-II RI sampling results for 

these media were discussed in Section 2.0 and Section 3.0 and an 

assessment of the potential risk associated with these media was 

presented in Section 4.0. 
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As discussed in Sections 3.2 and 4.1; soil sampled along the former 

discharge line contained PCBs at levels less than 10 mg/kg . This soil also 

contained detectable concentrations of various organic compounds that 

are typically found in fuel oil, which were also detected in surface and 

subsurface soil during the Harmon Yard Field Investigation. The 17 

September 1992 ROD for the Site (NYSDEC, 1992) defined the remedial 

actions required for the former wastewater equalization lagoon. The ROD 

required that subsurface soil containing PCBs in concentrations greater 

than 10 mg/kg be excavated and disposed of at an off-site landfill. This 

was further clarified in correspondence to Metro-North from the NYSDEC 

(NYSDEC, 1994). In this correspondence, the NYSDEC advised Metro-

North that subsurface soil associated with the lagoon and the former 

wastewater treatment operations that did not exceed the ROD PCB 

cleanup level of 10 mg/kg was not part of the remedial program required 

by the 1992 ROD. In addition, this correspondence stated that the 

remedial program selected in the 1992 ROD is PCB-driven and does not 

address RCRA non-hazardous waste constituents such as petroleum 

hydrocarbons. In addition, page 6 of the Stipulation of Discontinuance 

(NYSDEC, 1994a) defines the soil component of OU-II as hazardous waste 

material located adjacent to the former discharge line and associated with 

the former lagoon and which conveyed treated wastewater to the outfall 

at Croton Bay. 

PCBs are the only NYSDEC RCRA hazardous waste material that has been 

identified in soil along the discharge line. Since the PCB concentration of 

all soil samples collected along the former discharge line was less than the 

PCB action level of 10 mg/kg, and, as discussed in Section 3.2, the only 

other constituents found in this soil were generally petroleum-related, soil 

along the former discharge line has been eliminated as a media of interest 

for OU-II. 
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Instead, soil along the former discharge line, which contained chemicals 

similar to those detected in the Yard during the Field Investigation, will be 

addressed in accordance with the remedial requirements for soil at 

Harmon Yard that were defined in the Harmon Yard Remediation Plan 

(ERM, 1996). The Harmon Yard Remediation Plan (ERM, 1996) was 

approved by the NYSDEC on 3 July 1996 (NYSDEC, 1996). Metro-North 

has already begun the implementation of the remedial program outlined 

in the Harmon Yard Remediation Plan (ERM, 1996) for soil, ground water 

and NAPL removal at Harmon Yard. The work is being performed under 

the jurisdiction of the former NYSDEC Division of Spills Management, 

now the Division of Environmental Remediation. 

As discussed in Section 4.4, OU-II ground water does not pose any current 

or future unacceptable risks to potential receptors. As a result, ground 

water is not a media of interest for the Site. OU-II ground water has been 

defined on page 6 of the Stipulation of Discontinuance (NYSDEC, 1994a) 

as that part of the saturated zone which has been impacted by discharges 

from the former Harmon Yard wastewater equalization lagoon. Although 

it is very unlikely that the concentrations of chemicals of concern in OU-II 

ground water will increase significantly in the future, ground water 

discharging from the former lagoon area will be monitored to ensure the 

continued protection of human health and the environment. Additional 

discussion regarding ground water monitoring, which will be identified 

as a common action for all remedial alternatives, is provided in Section 

7.0. 

Section 4.3 presented an evaluation of the potential risks associated with 

Croton Bay sediment. The sediment component of OU-II is defined on 

page 6 of the Stipulation of Discontinuance as the sediment in Croton Bay 

which has been adversely impacted by discharges and /or releases from 

the former Harmon Yard wastewater equalization lagoon. The risk 

assessment concluded that Croton Bay sediment located in the vicinity of 
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the Harmon Yard outfall (i.e., OU-II Croton Bay sediment) may be one of 

several sources of chemicals contributing to adverse impacts to benthic 

aquatic life and to human health and /o r wildlife through 

bioaccumulation. OU-II Croton Bay sediment has therefore been retained 

as a media of interest. Based on review of the data from the Croton Point 

Landfill Remedial Investigation Report (WCDPW, 1992a), the assessment 

of the potential risks associated with OU-II Croton Bay sediment 

presented in Section 4.2 of this report concludes that the chemicals of 

concern in OU-II Croton Bay sediment originated from the Croton Point 

Landfill as well as from the Croton River and possibly from Harmon 

Yard. 

Section 4.2 presented an evaluation of the risks posed by NAPL observed 

around the former lagoon, including an evaluation of the regulatory 

requirements for removal of floating NAPL. As discussed in that section, 

the ROD for the Site (NYSDEC, 1992) requires that floating OU-II NAPL 

be removed. Page 6 of the Stipulation of Discontinuance defines the NAPL 

component of OU-II as the separate hydrocarbon layer resulting from past 

releases from the former wastewater equalization lagoon and that it is 

present on the water table surface and extends hydrogeologically 

downgradient of the lagoon. 

As shown on Figure 3-0, some of the NAPL areas now appear to be 

upgradient of the lagoon. However, Section 3.4.1 discusses the fact that 

although the ground water flow map indicates the present direction of 

ground water flow is to the northwest, ground water probably flowed in a 

radial pattern emanating from the center of the lagoon area during the 

early stages of operation of this lagoon area as a wastewater equalization 

basin. The lagoon was initially constructed and operation was begun by a 

predecessor railroad. As sediment and other material settled out from the 

wastewater being equalized in the lagoon, a layer of sludge formed along 

the bottom of the lagoon. The layer of sludge, that formed after the lagoon 

ERM-Northeast 5-6 FX..\MNCROUII\FS TEXT\SECT_5.DOC 

file://TEXT/SECT_5.DOC


was in operation for some period of time, formed a relatively 

impermeable liner that diminished the effects of the radial flow pattern 

over time. This hypothesis was subsequently confirmed during the lagoon 

remediation when it was determined that the soil directly beneath the 

sludge layer only contained very low concentrations (i.e., less that 10.0 

mg/kg) of PCBs. The radial ground water flow pattern during the initial 

years of operation would have reversed ground water flow in the area 

immediately adjacent to and upgradient of the lagoon. Remediation and 

closure of this lagoon area was completed in May 1996. 

As discussed in Section 4.3, the presence of NAPL on the water table poses 

potential risks to ground water and to surface water. NAPL also has the 

potential to migrate and impact soil and ground water in other areas. 

Based on the above information, OU-II NAPL has been retained as a 

media of interest for the Site. 

Descriptions of the two remaining media of interest (i.e., NAPL in the 

vicinity of the former lagoon and OU-II Croton Bay sediment) and the 

development of the remedial action objectives and general response 

actions for these media are presented in the following sections. 

Non-Aqueous Phase Liquids (NAPL) 

This section presents: the distribution of NAPL around the former lagoon, 

as determined during the OU-II investigation; the physical and chemical 

characterization of OU-II NAPL; NAPL recharge in existing monitoring 

wells; regulatory considerations associated with management of OU-II 

NAPL; and the remedial action objectives and general response actions for 

NAPL in the vicinity of the former lagoon area. 
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Distribution of NAPL, 

As shown on Figures 5-1 through 5-4, NAPL has been observed in four 

general areas around the former lagoon. These areas have been identified 

as NAPL Areas LI through L4. The "L" designation has been used to 

differentiate OU-II NAPL areas and the Harmon Yard NAPL Areas that 

were addressed in the Harmon Yard Remediation Plan (ERM, 1996). 

The areal limit of NAPL in each of the four NAPL Areas is presented in 

Figures 5-1 through 5-4 as represented by the 0.0-foot NAPL contour. The 

0.0-foot NAPL contour line was determined by identifying the wells in 

which NAPL was never observed during any of the monitoring rounds. 

As a result, the 0.0-foot NAPL contour lines generally represent a 

conservative estimate of the extent of NAPL in each of the NAPL Areas. 

However, as noted on Figure 5-4, the precise extent of NAPL (i.e., the 

location of the 0.0-foot NAPL contour line) could not be determined for a 

limited portion of the northern boundary of NAPL Area L4. The northern 

boundary of NAPL Area L4 abuts the remediated lagoon area. The 

remedy for the former lagoon area included the installation of subsurface 

sheeting around the perimeter of the former lagoon area, as shown on 

Figure 5-4. This subsurface sheeting was installed to a depth of 

approximately 10 feet below the water table in this area and has been left 

in place as part of the containment measures used to remediate the former 

lagoon. Since OU-II NAPL is less dense than water and is always found 

above the water table, this sheeting acts as a permanent barrier to OU-II 

NAPL. As a result, the estimated (i.e., 0.0-foot) NAPL contour line shown 

as the northern boundary of NAPL Area L4, which is coincident with the 

location of the OU-I remedy sheeting, is the furthest that OU-II NAPL 

could migrate in this area. 
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Individual figures depicting the extent of NAPL in each of the four NAPL 

Areas are provided as Figures 5-1 through 5-4. These individual figures 

also include the maximum NAPL thickness ever observed in each of the 

monitoring wells located in these NAPL Areas during any NAPL 

measurement round. Because the maximum NAPL thickness ever 

observed in each of the monitoring wells is recorded on this figure, NAPL 

thickness measurements from many different measurement rounds are 

presented. Consequently, it would not be appropriate to generate NAPL 

thickness contour lines from these figures. Instead, these figures have been 

prepared to conservatively illustrate the extent and thickness of NAPL in 

the vicinity of the former lagoon area. 

As shown below, the maximum NAPL thickness observed in each of the 

four NAPL Areas during any NAPL measurement round ranges from 1.35 

feet in NAPL Area L3 to 3.7 feet in NAPL Area L4. The depth from 

ground surface to the top of the NAPL layer in these areas ranges from 5.5 

feet below grade in NAPL Area L4 to 19 feet below grade in NAPL Area 

LI. 

The areal extent of NAPL in each of the four NAPL Areas has been 

estimated using the NAPL limits shown in Figures 5-1 though 5-4. In 

addition, the maximum NAPL thickness observed in each NAPL Area 

during any NAPL measurement round and the predominant NAPL 

thickness of each of the NAPL Areas has also been identified. (The 

predominant NAPL thickness is the thickness observed over the majority 

of the NAPL Area.) This information, which is provided below, has been 

used to conservatively estimate the NAPL volume in each NAPL Area. 

NAPL volumes for each NAPL Area were estimated by multiplying the 

areal extent of NAPL in each area by the predominant NAPL thickness 

observed in the NAPL Area by an assumed porosity of 30%. Since the 

depth of NAPL in monitoring wells is always greater than the depth of 
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NAPL in the formation and the areal estimation of NAPL is highly 

conservative, this calculation is a conservative estimate of the volume of 

NAPL in the formation. In addition, some of the NAPL will not be 

recoverable since it will adhere to soil particles and will not form a 

separate liquid phase. As a result, this residual NAPL saturation does not 

pose a risk that it will migrate in the future. As shown below, based on 

these conservative assumptions, the estimated quantity of NAPL located 

in the vicinity of the former lagoon area is approximately 153,000 gallons. 

Areal Maximum Predomina Estimated 
NAPL Extent of NAPL nt NAPL Soil NAPL 
Area NAPL, sf Thickness 

(Location) 
Thickness Porosity Volume, gal 

LI 11,900 2.5 ft 
(WB-9) 

<1.0 ft 0.3 26,700 

L2 1,100 1.35 ft 
(WB-4-4B) 

<1.0 ft 0.3 2,500 

L3 2,200 1.3 ft 
(WB-2D-3A1) 

<1.0 ft 0.3 4,900 

L4 26,400 3.7 ft 
(MW-1S & 

<2.0 ft 0.3 118,500 

WB-7) Total = 152,600 

As discussed above, the estimate of 153,000 gallons of NAPL present at 

the OU-II Site used in this feasibility study is conservative and the actual 

amount of NAPL that is present at the Site may be much lower than this 

estimate. In addition, not all of the NAPL present at the Site has the 

potential to migrate and potential receptors may never be exposed to 

some of the NAPL that is present at the Site. For example, NAPL that 

adheres to soil particles, referred to as residual saturation, will not form a 

separate liquid phase and will remain adhered to soil particles in the 

unsaturated soil zone above the water table. Even pockets of recoverable 

NAPL within a specific geologic setting or at a given scale may not 

migrate. OU-II NAPL which does not migrate and for which there are no 

reasonable exposure pathways is referred to in this feasibility study as 
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stagnant NAPL. In comments provided to Metro-North (NYSDEC, 1997a), 

the NYSDEC has stated that the agency would consider any OU-II NAPL 

which remains in soil after all reasonable attempts have been made to 

remove it, including the implementation of enhanced techniques, to be at 

residual levels and to represent an acceptable remediation goal. 

Remediation goals for OU-II NAPL are discussed in Section 5.2.1.5. 

As shown in Figures 5-2 through 5-3, NAPL Area L2 and NAPL Area L3 

are located entirely on-site. As shown on Figure 5-1, approximately 1.01 

feet of NAPL has been observed in the off-site monitoring well OS-O. The 

NAPL in this well is not physically contiguous with the NAPL observed in 

the off-site monitoring wells located in NAPL Area LI. This is 

demonstrated by the fact that no NAPL has been observed in wells MW-

C, MW-B and OS-N, which are all located between the NAPL Area LI 

monitoring wells and the off-site monitoring well OS-O. 

In addition, PCBs, which were present in the sludge that has been 

removed from the adjacent lagoon area, were detected in the NAPL 

collected from the NAPL Area LI monitoring wells but were not detected 

in the NAPL collected from the off-site monitoring well OS-O. NAPL that 

is not related to lagoon activities has also been observed in other areas of 

this and other off-site properties located near Harmon Yard. 

Because the NAPL in off-site monitoring well OS-O is physically 

separated and chemically different from the NAPL observed in the NAPL 

Area LI monitoring wells and because NAPL from sources other than the 

lagoon are known to be present in some of the off-site properties adjacent 

to Harmon Yard, it was concluded that the NAPL in off-site monitoring 

well OS-O did not result from past releases from the former wastewater 

equalization lagoon. Since the Stipulation of Discontinuance limits the 

NAPL component of OU-II to the separate hydrocarbon layer resulting 

from past releases from the former wastewater equalization lagoon, the 
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NAPL observed in the off-site monitoring well OS-O is not part of OU-II 

and will not be addressed in this document. For the same reasons, it is 

clear that Metro-North's operations at Harmon Yard are not the source of 

the NAPL observed in the off-site monitoring well OS-O. It should be 

noted that while Metro-North has never owned or operated this off-site 

location, this off-site property does have a history of use by predecessor 

railroads. 

As shown on Figure 5-4, NAPL Area L4 is primarily located on-site 

although NAPL has been observed in some wells located immediately 

adjacent to and south of the Harmon Yard property line. However, no 

NAPL has been observed in monitoring wells located approximately 20 to 

30 feet south of the few off-site NAPL Area L4 monitoring wells that did 

contain NAPL. The southern limit of NAPL Area L4 extends slightly onto 

Westchester County property and is bounded by the off-site roadway. As 

discussed earlier in Section 5.2, this off-site NAPL appears to be a remnant 

of ground water flow patterns in the former lagoon area. As shown in 

Figure 2-8, current ground water flow in this NAPL Area is towards the 

former lagoon from the Westchester County property. Furthermore, it 

appears that the off-site roadway, which was constructed by compacting 

existing soils, has created a subsurface barrier. Since NAPL generally 

flows with ground water and the off-site roadway appears to have formed 

a subsurface barrier wall, it is unlikely that additional off-site migration of 

NAPL from NAPL Area L4 will occur in the future. 

The estimated ground water contours provided in Figure 2-8 indicate that 

ground water to the west of the former lagoon flows below NAPL Area LI 

beneath the former New York Central Railroad Company property. 

Construction of the off-site roadway to the northwest of the former lagoon 

has created a subsurface barrier to the migration of NAPL from NAPL 

Area LI. However, since the ground water direction beneath this area is 

off-site and towards the former New York Central Railroad Company 
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property, and NAPL can migrate with ground water, off-site migration of 

Area LI NAPL remains a theoretically possible but highly unlikely 

exposure scenario. 

NAPL Characterization 

As discussed in Section 3.1, the NAPL located around the former lagoon 

has been sampled and analyzed to determine: (1) PCB concentrations in 

NAPL; (2) the physical characteristics of the NAPL; and (3) the fuel oil 

type. 

As discussed in Section 3.1.3.1, NAPL samples collected from WB-2, WB-4, 

WB-5 and WB-9 in 1991 and during the more recent OU-II RI were 

analyzed for PCBs. A summary of these results is presented in Table 3-1 

and Figure 3-1. Low levels of PCBs were identified in NAPL during the 

OU-II RI in areas where they had not previously been detected. This 

occurred because the PCB detection limits for the OU-II NAPL samples 

were generally an order of magnitude lower than the detection limits for 

the samples collected in 1991. 

As shown in Table 3-1 and Figure 3-1, PCBs have been observed in two 

wells located in NAPL Area LI (wells WB-9 and TB-1-1 AlA); one well in 

NAPL Area L2 (well WB-4); two wells in NAPL Area L3 (wells WB-2 and 

WB-2-1A); and four wells in NAPL Area L4 (wells WB-5, OS-F, TB-6-1B1 

and OS-C). The maximum PCB concentrations in NAPL Areas LI through 

L4 were 7.2 ppm, 19 ppm, 3.6 ppm and 119 ppm, respectively. The 

maximum PCB concentration in NAPL Area L4 was observed in 

monitoring well WB-5. PCBs were not detected in monitoring well OS-O, 

the off-site monitoring well located to the northwest of NAPL Area LI. 

The regulatory requirements for NAPL that may be recovered from these 

NAPL Areas LI through L4 are discussed in Section 5.2.1.4. 
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As discussed in Section 3.1.3.2, fingerprint-analysis of NAPL samples was 

conducted in 1990 and 1995. In 1995, NAPL samples were collected from 

monitoring wells TB-6-1B1B, WB-2-1A, WB-4-4A and TB-1-1A1 A. These 

wells are located in NAPL Areas L4, L3, L2 and LI, respectively. This 

analysis concluded that all four NAPL samples had signatures 

characteristic of severely biodegraded diesel fuels. However, although 

analysis of the sample from WB-4-4A (i.e., NAPL Area L2) indicated that 

the NAPL collected from this well resembled a severely biodegraded 

diesel, the analysis also indicated that this NAPL was distinctly different 

from the other three NAPL samples analyzed in 1995 and in 1990 

(Worldwide Geosciences, Inc., 1995). 

Furthermore, comparison of the physical characteristics of NAPL around 

the former lagoon to NAPL collected from Harmon Yard demonstrated 

that the NAPL found around the former lagoon is unrelated to the NAPL 

in the Yard. This confirms that the NAPL found in the Yard and the NAPL 

around the former lagoon were generated from distinctly different 

sources. 

In addition to these analysis, NAPL collected from the former lagoon area 

during previous recovery efforts was analyzed for disposal purposes. In 

addition to PCBs, NAPL collected from WB-2 (NAPL Area L3), WB-5 

(NAPL Area L4) and WB-9 (NAPL Area LI) on 22 February 1991 was 

analyzed for RCRA TCLP parameters and a NAPL sample collected from 

WB-4 (NAPL Area L2) on 13 June 1991 was analyzed for percent solids 

and TCLP chromium and lead. A summary of these results is provided in 

Table 5-2. 

According to the 1991 analysis, NAPL collected from all wells samples (i.e., 

WB-2, WB-4, WB-5 and WB-9) exceeded the TCLP limit for chromium. In 

addition, NAPL collected from WB-9 also exceeded the TCLP limit for lead 

and arsenic. Based on this analysis, NAPL collected from each of the four 
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NAPL areas would be classified for disposal purposes as a RCRA 

characteristic waste. The regulatory considerations associated with this 

characterization are discussed in Section 5.2.1.4. 

NAPL Recharge 

As discussed in Section 2.1.2.4, baildown tests were performed in wells 

WB-9, WB-4, WB-2, MW-1S and WB-5 to evaluate NAPL recharge 

characteristics. These wells, which are still present, are located in NAPL 

Areas LI (WB-9), L2 (WB-4), L3 (WB-2) and L4 (MW-1S and WB-5). The 

NAPL thickness observed in these wells after baildown was conducted, 

along with the percentage of the initial thickness recharged are provided 

in Table 5-3. Recharge data is provided for 5,10,15, 30 and 60 minutes 

after baildown. 

One well (WB-4) maintained a fairly constant NAPL recovery (i.e., 30 to 33 

percent) from 5 to 60 minutes after baildown. The remaining four wells had 

recovery rates that increased with time. MW-1S demonstrated the highest 

long-term recovery (i.e., 91.43% at 60 minutes). The observed long-term 

recovery in the other three wells ranged from 59% to greater than 71%. WB-

4 exhibited a moderate recovery rate and the remaining four wells exhibited 

good recovery (i.e., greater than 40 percent recovery over a 15 minute 

period). In general, the results of the baildown tests demonstrated that 

NAPL recovery is feasible in all four NAPL Areas identified as part of OU-

II. 

Regulatory Requirements 

The Declaration for the 1992 ROD for OU-I (NYSDEC, 1992) states that the 

free product recovery system that was in operation in areas around the 

lagoon before the OU-I lagoon remediation was begun should be 

enhanced as part of the selected remedy and that possible environmental 
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impacts from the lagoon area be investigated and, if necessary, be 

remediated under a ROD for a second operable unit, i.e., OU-II. The 1992 

ROD (page 4) noted that although over 200 gallons of NAPL had been 

removed by the interim NAPL removal system, the high viscosity of the 

NAPL and the physical properties of the soil prevents a faster recovery 

rate. However, the 1992 ROD (page 7) concluded that there is a risk that 

NAPL present above the water table around the former lagoon area could 

migrate to surface water (i.e., the Hudson River) and establishes the 

collection of NAPL for off-site treatment as a goal of the remedial actions 

to be taken pursuant to the ROD. 

In response, the ROD (page 15) includes, as a second operable unit, the 

investigation of the possible impacts from past releases, such as NAPL, on 

ground water, surface water and sediment. If it is deemed necessary based 

on the results of this investigation, the ROD requires that a feasibility 

study be prepared, a second ROD be issued with respect to OU-II and the 

necessary remedial actions outlined in this second ROD be implemented. 

Therefore, the evaluation of NAPL recovery is a key requirement of the 

OU-II ROD. In fact, the ROD relies on these actions as a justification for 

the ability of the selected remedial actions to protect human health and 

the environment. The ROD (page 17) states that risks posed by the Site, 

such as the possibility that chemicals related to the lagoon will migrate to 

off-site areas and to the Hudson River, will be eliminated by, among other 

things, recovering "free product to the extent practical to further eliminate 

the potential threat to ground water." 

This requirement is consistent with NYSDEC policies and procedures 

requiring that NAPL be removed from subsurface areas to the extent 

practical. The NYSDEC is authorized to pursue this goal of NAPL removal 

by the New York Oil Spill, Control, and Compensation Act, Article 12 of 

the New York State Navigation Law, New York Consolidated Laws 

Service, 1977, as amended. Section 176 (3) of this statue requires that any 

ERM-Northeast 5-16 F:\...\MNCROUII\FS TEXT\SECT_5.DOC 

file://TEXT/SECT_5.DOC


unexplained discharge of petroleum within state jurisdiction shall be 

removed by or under the direction of the NYSDEC. Cleanup and removal 

is defined in this statute as the: (a) containment or attempted containment 

of a discharge; (2) removal or attempted removal of a discharge; or (c) 

taking of reasonable measures to prevent or mitigate damages to the 

public health, safety, or welfare, including but not limited to, public and 

private property, shorelines, beaches, surface waters, water columns and 

bottom sediment, soils and other affected property, including wildlife and 

other natural resources. 

Section 176(4) of this statute also provides that cleanup and removal of 

petroleum and actions to minimize damage from a discharge of petroleum 

shall be implemented, to the greatest extent possible, in accordance with 

the National Contingency Plan (NCP) for removal of oil and hazardous 

substances (NCP, 1990). The NCP at 40 CFR 300.320(a)(4)(i) requires that 

the cleanup of a discharge be fully sufficient to minimize or mitigate 

threats to public health and welfare and the environment. The NCP states 

at 40 CFR 300.310(b) that appropriate actions shall be taken to recover the 

oil and mitigate its effects. The NCP also states at 40 CFR 300.310(c) that 

oil and chemicals in recovered oil that are removed during cleanup be 

disposed of properly. 

To summarize, removal of NAPL from the areas around the former 

lagoon is required by the following: (1) the 1992 ROD for OU-I; (2) Article 

12 of the New York State Navigation Law; and (3) the NCP at 40 CFR 300, 

Subpart D (Operational Response Phases for Oil Removal). 

In Section 7.0, remedial action alternatives will be developed to address 

removal of subsurface OU-II NAPL at the Site. These remedial action 

alternatives will be: 
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. OU-II NAPL Removal Using NAPL-Only Recovery Systems 
(Alternative II); and 

. Excavation And Off-Site Disposal Of OU-II NAPL (Alternative III). 

Remedial components of these alternatives will include removal of 

subsurface free phase (i.e., liquid) OU-II NAPL, excavation of soil 

overlying OU-II NAPL (i.e., overlying soil) and excavation of OU-II NAPL 

and associated soil (i.e., soil located in close proximity to the ground water 

table). Specifically, Alternative II will require: (1) excavation and disposal 

of overlying soil and OU-II NAPL and associated subsurface soil to 

construct a NAPL recovery trench; and (2) management and disposal of 

OU-II NAPL removed as a liquid. Alternative III will require removal and 

disposal of overlying soil and OU-II NAPL and associated subsurface soil 

to excavate OU-II NAPL from the four NAPL Areas. 

The remainder of this subsection will discuss the regulatory requirements 

associated with liquid OU-II NAPL, overlying soil and OU-II NAPL and 

associated subsurface soil removed as part of these remedial actions for 

the Site. The regulatory background and disposal criteria for each of these 

three media are summarized in Table 5-4. 

OU-II NAPL Removed as a Liquid 

The regulatory requirements for the collection, storage and disposal of 

free-phase NAPL will depend on the concentration of chemicals in 

recovered NAPL, which will be determined through the sampling of the 

recovered NAPL after it has been collected but prior to disposal. 

However, the existing chemical data for the NAPL around the former 

lagoon is used below as guidance to identify appropriate regulatory 

requirements for the handling of OU-II NAPL removed as a liquid from 

the areas around the former lagoon. 
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As discussed in Section 5.2.1.2, TCLP and PCB analysis of NAPL samples 

collected in February 1991 indicated that: (1) NAPL from wells located in all 

four NAPL areas exceeded the TCLP level for chromium; (2) NAPL from 

one well located in NAPL Area LI (i.e., WB-9) exceeded the TCLP level for 

lead and arsenic; and (3) NAPL from one well located in NAPL Area L4 

(i.e., WB-5) contained PCBs in concentrations greater than 50 ppm. 

The NAPL samples that were collected in February 1991 and analyzed for 

TCLP parameters and PCBs were considered in this evaluation to be 

representative of all of the NAPL within each of the four NAPL Areas in 

which these wells were located. For example, the NAPL collected from 

well WB-9, located in NAPL Area LI, is representative of all of the NAPL 

located within NAPL Area LI. As a result, this evaluation assumes that all 

the NAPL located in NAPL Area LI would exceed the TCLP regulatory 

level for chromium, lead and arsenic. In addition, the concentrations of 

metals and PCBs in NAPL do not generally decrease to a significant 

degree over the course of 4 to 5 years. Consequently, the data collected in 

1991 is used in this evaluation to characterize existing NAPL quality. 

Based on the 1991 data, then, NAPL removed from the OU-II NAPL Areas 

would be characterized for disposal in accordance with RCRA as follows: 

NAPL from NAPL Area LI would be characterized for disposal as a 
RCRA D004 (TCLP arsenic), D007 (TCLP chromium) and D008 (TCLP 
lead) characteristic hazardous waste. 

NAPL from NAPL Areas L2 and L3 would be characterized for 
disposal as a RCRA D007 (TCLP chromium) characteristic hazardous 
waste. 

NAPL from NAPL Area L4 would be characterized for disposal as a 
RCRA D007 (TCLP chromium) characteristic hazardous waste and 
may also be classified as a NYSDEC RCRA B003 (PCB) listed 
hazardous waste. 

New York State regulation 6 NYCRR 371-4(e)(1) requires that waste 

materials containing PCBs in concentrations equal to or greater than 50 
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mg/kg be classified for disposal in New York State as a B003 RCRA listed 

hazardous waste. The NAPL collected from well WB-5 in NAPL Area L4 

and analyzed for PCBs in 1991 contained 119 m g / k g of PCBs. This NAPL, 

if removed and disposed of, would have required a NYSDEC RCRA B003 

listed hazardous waste classification. However, NAPL collected from this 

well in 1995 contained only 23 mg/kg of PCBs. Since this is less than the 

50 mg/kg PCB concentration required by NYSDEC to classify a waste as a 

RCRA B003 listed hazardous waste, this NAPL, if removed and disposed 

of, would not have been classified as a NYSDEC RCRA B003 listed 

hazardous waste. Because the NAPL in this area did contain PCBs in 

concentrations exceeding 50 mg/kg at one time, this evaluation assumed 

that all NAPL in NAPL Area L4 would require a NYSDEC RCRA B003 

listed hazardous waste classification if removed and disposed of. This is a 

conservative assumption since the hazardous waste classification would 

be determined based on the actual concentration of PCBs in NAPL that is 

removed from this area for disposal. 

The relationship between the varying concentrations of PCBs in NAPL 

collected from each of the four OU-II NAPL areas and the federal TSCA 

PCB regulations is governed by USEPA's interpretation of the anti

dilution provision contained in TSCA at 40 CFR 761.1(b). This 

interpretation of the TSCA anti-dilution rule requires that, under TSCA, 

PCBs that have been deposited in the environment after the effective date 

of the regulations (17 February 1978) are treated, for the purposes of 

determining disposal requirements, as if they were at the concentration of 

the original material. The original material, or source, of the NAPL in 

these areas is in all likelihood the waste material that had been discharged 

to the former wastewater equalization lagoon. Some of the PCBs 

discharged to the lagoon were discharged after 17 February 1978. The 

conclusion that the lagoon was the source of the PCBs in the NAPL 

around the lagoon is based on the following information: 
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The NAPL areas are all located in the general vicinity of and around 
the former lagoon area. 

PCBs were detected in NAPL in all four of the OU-II NAPL areas and 
in concentrations as high (in one well) as 119 m g / k g but were not 
detected in any of the NAPL samples collected from other areas of 
Harmon Yard during the Field Investigation work performed by 
Metro-North in 1994 under the jurisdiction of the NYSDEC Division of 
Spills Management, now the Department of Environmental 
Remediation. 

Aroclor 1254, which was the only PCB isomer detected in the lagoon 
sludge during the OU-I RI, was the predominant PCB isomer detected 
in the OU-II NAPL samples. Approximately 76% of the PCBs detected 
in OU-II NAPL during the OU-II RI sampling rounds were Aroclor 
1254. Low concentrations of other PCB isomers (i.e., Aroclor 1242,1248 
and 1260), ranging in concentration from 1.0 to 2.4 mg/kg, were also 
detected in the OU-II NAPL samples during the OU-II sampling 
rounds. The detection of additional PCB isomers in the OU-II NAPL 
samples than those detected in the OU-I lagoon samples was most 
likely due to the lower detection limits attainable for PCBs in the OU-II 
NAPL samples than those attainable for the OU-I lagoon samples. In 
addition, natural degradation, which would have occurred in OU-II 
NAPL to some extent, would also reduce the chlorine content of the 
Aroclors, resulting in a change from Aroclor 1254 to Aroclor 1242 or 
1248. 

The NAPL in the NAPL Areas around the lagoon was generally older 
than the NAPL collected from the other areas within Harmon Yard 
and biodegradation had advanced to a greater degree in the lagoon 
NAPL Areas than in the NAPL from other Harmon Yard areas. 

The ground water flow direction in the immediate vicinity of the 
former lagoon area was influenced by the presence of wastewater in 
the lagoon during the period when the lagoon was in operation. As a 
result, ground water flow in the immediate vicinity of the lagoon 
followed a radial pattern emanating from the center of the lagoon. 
NAPL migrates to some degree in the same general direction as 
ground water flow. 

This issue was also addressed during the selection and design of the OU-I 

remedy. At that time, NYSDEC and Metro-North requested of the USEPA 

a confirmation as to the appropriate classification of soil under and 

around the lagoon. USEPA responded (USEPA, 1992) that soil, rags and 

debris may be disposed of at any concentration in a TSCA-approved 
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chemical waste landfill and that soils under and around the lagoon which 

have been contaminated directly by PCBs migrating from the lagoon are 

regulated based on the PCB concentration of the source. The USEPA 

considered the materials in the lagoon, including the sludge that 

contained PCB concentrations over 500 mg/kg, to be the source of the 

PCBs in this subsurface soil. USEPA also responded (USEPA, 1992c) to 

Metro-North at this time by stating that the soil forming the original 

lagoon and any liner materials may be disposed of in a chemical waste 

landfill approved for PCBs regardless of concentration. 

USEPA's requirements regarding subsurface soil were further clarified in 

subsequent correspondence to Metro-North (USEPA, 1993). At that time, 

USEPA addressed the issue of subsurface soil containing PCBs located 

around the lagoon, referred to during the OU-I remedy as Zone B2 soils. 

USEPA stated that PCB concentrations in these soils would appear to be 

from the lagoon and would be subject to disposal requirements for soils 

containing PCBs at concentrations of 50 mg/kg or greater. This 

correspondence (USEPA, 1993) further clarified the agency's disposal 

requirements for this subsurface soil by stating the following: 

"EPA has agreed that soil in areas contaminated by PCBs from the lagoon 

may be removed and disposed as a PCB waste to meet the EPA cleanup 

standard of 25 ppm and that any remaining soil with PCB concentrations 

less than 25 ppm which is removed to satisfy New York State cleanup 

requirements may be disposed in accordance with the requirements of the 

New York State Department of Environmental Conservation under the 

Record of Decision." 

The USEPA concluded that Zone B2 soil at PCB concentration of 2 mg /kg 

or greater must be disposed of, at a minimum, in a federally approved 

PCB landfill. As a result, subsurface soil in OU-II NAPL areas, which was 

referred to during the OU-I remedy as Zone B2 soil, would be regulated as 

ERM-Northeast 5-22 FX..\MNCROUII\FS TEXT\SECT_5.DOC 

file://TEXT/SECT_5.DOC


a TSCA PCB waste unless PCB concentrations in this material are less than 

2 mg/kg. This would require that subsurface soil removed from OU-II 

NAPL areas as part of a remedial action be disposed of in a TSCA-

approved chemical waste landfill if PCB concentrations exceeded 2 

mg/kg. 

In addition, the Stipulation of Discontinuance, which requires that NAPL 

around the lagoon be investigated and characterized, defines OU-II NAPL 

as the separate hydrocarbon layer resulting from past releases from the 

former wastewater equalization lagoon. Since the Stipulation of 

Discontinuance defines the lagoon as the source of the NAPL in these four 

areas and the physical and chemical data support this definition, the 

original source of the NAPL in these four areas is the waste material that 

was discharged to the lagoon during its operation. Although the 

concentration of PCBs in the waste material that was discharged to the 

lagoon is not known, the sludge that later formed at the bottom of the 

lagoon was thoroughly characterized during the OU-I remedial 

investigation. The highest concentration of PCBs detected in this sludge 

layer was 950 mg/kg. This sludge layer is representative of the source 

material for the NAPL that migrated from the lagoon to each of the four 

OU-II NAPL areas. As a result, TSCA would require that the NAPL from 

these four NAPL Areas exhibiting greater than 2 mg/kg PCBs be handled 

for disposal purposes as a liquid PCB waste containing PCBs in 

concentrations exceeding 500 ppm. TSCA at 40 CFR 761.60 requires that a 

liquid waste containing PCBs in concentrations exceeding 500 mg/kg be 

incinerated at a TSCA-approved facility. 

This would also require that any above ground storage facilities used to 

store NAPL containing PCBs prior to off-site disposal comply with TSCA 

regulations regarding the storage of PCB waste materials. Alternate in-situ 

treatment methods for NAPL would also require that TSCA approval be 

obtained. As noted in the ROD for OU-I (page 10), USEPA has not 
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approved any on-site PCB (TSCA) remedial technologies (other than on-

site incineration of soils) as methods equivalent to off-site incineration. As 

noted above, off-site incineration would be the treatment and disposal 

method required by TSCA for NAPL containing PCBs located in areas 

around the former lagoon. 

In summary, OU-II NAPL removed as a liquid from each of the four NAPL 

Areas would most likely be classified as a RCRA characteristic hazardous 

waste and would be classified as a TSCA regulated PCB waste if the 

material exhibits greater than 2 m g / k g PCBs. In addition, NAPL recovered 

from NAPL Area L4 may also be classified as a NYSDEC RCRA listed (i.e., 

B003) hazardous waste. Any NAPL recovered from these areas would 

therefore most likely have to be managed in accordance with TSCA 

regulations and New York State RCRA hazardous waste regulations. 

Under Alternative II and Alternative III, sampling would be conducted 

prior to disposal to determine whether recovered OU-II NAPL is a RCRA 

and/or a TSCA regulated waste. The removed OU-II NAPL would then be 

regulated in accordance with applicable regulatory requirements. A 

summary of the regulatory background and disposal criteria for OU-II 

NAPL are presented in Table 5-4. 

Although the actual method of disposal cannot be determined until the 

sampling results are obtained, for cost estimating purposes, it will 

conservatively be assumed in Section 7.0 that all OU-II NAPL removed as a 

liquid under Alternative II will be classified as a RCRA and a TSCA 

regulated waste and disposed of at a TSCA and RCRA approved 

incinerator. Removal of OU-II NAPL as a liquid is not a component of 

Alternative III. 
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OU-II NAPL and Associated Subsurface Soil 

The regulatory requirements for the disposal of OU-II NAPL and 

associated subsurface soil will depend on the concentration of chemicals 

in this media, which will be determined through the sampling of the 

material after it has been excavated but prior to disposal. As discussed 

above for the free phase OU-II NAPL, the existing chemical data for OU-II 

NAPL suggests that: (1) NAPL from wells located in all four NAPL areas 

exceeded the TCLP level for chromium; (2) NAPL from one well located in 

NAPL Area LI (i.e., WB-9) exceeded the TCLP level for lead and arsenic; 

and (3) NAPL from one well located in NAPL Area L4 (i.e., WB-5) contained 

PCBs in concentrations greater than 50 ppm. Consequently OU-II NAPL 

and associated subsurface soil removed from the four NAPL Areas may 

also exceed the TCLP regulatory levels. Should the material exceed the 

TCLP limits, it would be classified and regulated as a RCRA characteristic 

hazardous waste. 

As discussed above, the USEPA concluded that Zone B2 soil containing 

PCBs at concentrations of 2 mg /kg or greater must be disposed of, at a 

minimum, in a federally approved PCB landfill. Zone B2 soil was defined 

as subsurface soil in OU-II NAPL areas that contains PCBs that have 

migrated from the lagoon. Because PCBs in OU-II NAPL and associated 

subsurface soil are presumed to have come from the lagoon, any OU-II 

NAPL and associated subsurface soil excavated from OU-II NAPL areas 

would be regulated for disposal purposes by TSCA unless PCB 

concentrations in this material are less than 2 mg/kg. 

Under Alternative II and Alternative III, sampling would be conducted to 

determine whether excavated OU-II NAPL and associated subsurface soil is 

a RCRA and/or a TSCA regulated waste. The removed OU-II NAPL and 

associated soil would then be regulated in accordance with applicable 
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regulatory requirements. A summary of the regulatory background and 

disposal criteria for this media is presented in Table 5-4. 

Although the actual method of disposal cannot be determined until the 

sampling results are obtained, conservative assumptions will be used in 

Section 7.0 to estimate the cost of remedial action alternatives that entail 

excavation or removal of this material. In particular, the cost estimates to be 

presented in Section 7.0 conservatively assume that all OU-II N APL and 

associated subsurface soil removed under either Alternative II or 

Alternative III will be classified as a RCRA and a TSCA regulated waste and 

disposed of at a TSCA and RCRA approved chemical waste landfill. 

Overlying Soil 

Soil that overlies OU-II NAPL areas and that has not come into contact 

with OU-I NAPL is referred to in this RI/FS as overlying soil. Because 

overlying soil has not come into contact with OU-II NAPL, it is highly 

unlikely that this material would be either a RCRA characteristic 

hazardous waste or a TSCA regulated waste. Furthermore, the USEPA 

Office of Pesticides and Toxic Substances agreed during the OU-I remedial 

design that the source of PCBs in surface soil around the former lagoon 

area was not known and that TSCA disposal requirements related to this 

material should be based on the concentration of PCBs as found in the 

environment (USEPA, 1993). As a result, the soil that overlies the OU-II 

NAPL would be regulated according to its actual PCB concentration. That 

is, the TSCA anti-dilution rule does not apply to this material and, as a 

result, TSCA disposal requirements would not apply to soil containing 

PCBs in concentrations less than 50 mg/kg. 

Although overlying soil has presumably not come in contact with OU-II 

NAPL, testing would be conducted under Alternatives II and III to 

confirm that the overlying soil is neither a RCRA characteristic hazardous 
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waste nor a TSCA regulated waste. The removed overlying soil would then 

be regulated for disposal in accordance with applicable regulatory 

requirements. A summary of the regulatory background and disposal 

criteria for this material are presented in Table 5-4. 

Although the actual method of disposal cannot be determined until the 

sampling results are obtained, the cost estimates presented in Section 7.0 

conservatively assume that 25 percent of excavated overlying soil removed 

under either Alternative II or Alternative III will be classified as a RCRA 

and a TSCA regulated waste and disposed of at a TSCA and RCRA 

approved chemical waste landfill. This is a conservative assumption since it 

is very unlikely that overlying soil contains PCBs. The cost estimates 

presented in Section 7.0 for these alternatives will also assume that the 

remaining 75 percent of the overlying soil can be used as on-site backfill for 

the areas to be excavated under these alternatives. The criteria to be used to 

determine if overlying soil can be used as on-site backfill or must be 

disposed of off-site are shown on Table 5-4. 

5.2.1.5 Remedial Action Objectives and General Response Actions for OU-II 

NAPL 

As previously discussed, OU-II NAPL is located in four areas of the Site, 

OU-II NAPL Areas LI, L2, L3 and L4, at thickness ranging from less than 

one-half foot to greater than 3.5 feet. As discussed in Section 4.2, the 

possibility that subsurface OU-II NAPL in areas around the former lagoon 

will pose unacceptable risks to human health or the environment is very 

unlikely. However, as noted on page 7 of the ROD for OU-I (NYSDEC, 

1992), there is a risk, however slight, of a release of this NAPL. The 

potential risks that such a release would pose are discussed in Section 4.2 

and are summarized below: 
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OU-II NAPL constituents, primarily organic compounds such as PCBs, 
could dissolve into ground water and migrate with ground water off-
site, i.e., beyond the Harmon Yard property boundary. Since OU-II 
NAPL constituents are almost all semi-volatile organic compounds, 
volatilization of these compounds into indoor and outdoor air, and the 
potential for inhalation pathways, are unlikely; however, these semi-
volatile organic compounds, including PCBs, can dissolve into ground 
water. As dissolved constituents in ground water, these compounds 
could migrate to surface water (i.e., the Hudson River) and pose 
unacceptable risks to sediment, to aquatic life and to human health 
through the ingestion of fish. 

OU-II NAPL could migrate as a liquid phase to off-site areas and 
possibly to the Hudson River. OU-II NAPL has been present on the 
water table around the lagoon for at least 10 years and, as discussed in 
Section 5.2.1.1, has migrated off-site in only one area (i.e., NAPL Area 
L4) for a distance of less than 50 feet. Nevertheless, off-site migration 
of OU-II NAPL to the Hudson River, although remote, is possible. 
Migration of NAPL as a liquid phase to the Hudson River could also 
impact sediment, aquatic life and human health through fish ingestion. 
In addition, the exposure of NAPL that could occur if OU-II NAPL 
were to migrate to the shore of the Hudson River could also pose 
potentially unacceptable human health direct contact risks to 
recreational fishermen, possible future residents and occasional 
visitors to this area, depending on the concentration of PCBs and other 
NAPL constituents in the exposed material. 

OU-II NAPL could also be exposed if the unsaturated soil located 
above the OU-II NAPL layers was removed or if dewatering was 
performed for a construction project in this area. This exposed NAPL 
could pose potentially unacceptable risks to workers involved in the 
dewatering and construction operations, depending on the 
concentration of PCBs and other NAPL constituents in the exposed 
material. In addition, if NAPL is removed during dewatering, it could 
pose potentially unacceptable risks to human health and the 
environment if it is not stored, treated or disposed of properly. 

The removal of OU-II NAPL to the extent practical would address these 

potential risks. In addition, as discussed in Section 5.2.1.4, the OU-I ROD, 

New York State law and federal regulations also require that OU-II NAPL 

be removed to the extent practical. Based on a review of the potential risks 

and the regulatory requirements related to the presence of related to the 

presence of OU-II NAPL, the following remedial action objectives are 
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established for the NAPL that is present on the water table in the area 

around the former lagoon (i.e., OU-II NAPL): 

1. to prevent further off-site migration of OU-II NAPL; 
2. to remove OU-II NAPL to the extent practical; and 
3. to continue to prevent direct contact with subsurface OU-II NAPL in 

the vicinity of the former lagoon. 

This feasibility study evaluates methods to address the first remedial 

action objective listed above, i.e., to prevent further off-site migration of 

OU-II NAPL (e.g., downgradient recovery trenches or sheeting) and the 

third remedial action objective listed above, i.e., to continue to prevent 

direct contact with OU-II NAPL (e.g., maintain the existing soil cover and 

maintain existing Metro-North work practices). 

The majority of the remedial action measures evaluated in this feasibility 

study, however, address the remaining remedial action objective, i.e., to 

remove OU-II NAPL to the extent practicable. Generally, NAPL, such as 

the degraded diesel fuel present at the OU-II Site, that cannot be 

recovered after all reasonable attempts have been made to remove it, is 

not likely to migrate and be exposed to potential receptors. For example, 

NAPL that is present as residual saturation (i.e., adhered to soil particles), 

trapped within a specific geologic setting or present in relatively small 

quantities (i.e., at a given scale) may be considered stagnant NAPL. 

Removal of stagnant NAPL may not be needed to satisfy the remedial 

action objectives for OU-II NAPL. The degree to which OU-II NAPL 

should be removed was addressed in comments from the NYSDEC to 

Metro-North (NYSDEC, 1997a). The NYSDEC has stated in these 

comments that the agency would consider any OU-II NAPL which 

remains in soil after all reasonable attempts have been made to remove it, 

including the implementation of enhanced techniques, to be at residual 

levels and to represent an acceptable remediation goal. 
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To accomplish these remedial action objectives, the following general 

response actions will be evaluated for the four OU-II NAPL Areas: 

removal, containment, treatment and disposal. Technologies evaluated in 

Section 6.0 to address these general response actions will be: 

GENERAL 

OU-II NAPL 
RESPONSE 

ACTION 

OU-II NAPL 
TREATMENT TECHNOLOGIES 

Containment: access restrictions 
use restrictions 
sheeting 

Removal: NAPL-only recovery 
total fluids recovery 
vacuum enhanced NAPL recovery 
NAPL removal with ground water depression 
NAPL recovery wells 
NAPL recovery trenches 
excavation with off-site disposal 

Treatment: biodegradation (vacuum enhanced NAPL recovery) 
off-site incineration 
biosparging polishing for residual OU-II NAPL 

Disposal: . off-site landfill disposal of OU-II NAPL mixed with 
subsurface soil 

Sediment 

Six sediment samples were collected from Croton Bay in the vicinity of the 

Harmon Yard Outfall during the OU-II RI. As discussed in Section 4.3, a 

risk evaluation was conducted using the OU-II sediment sampling results 

and the NYSDEC Technical Guidance for Screening Contaminated Sediment 

(NYSDEC, 1993a), referenced in this section as the NYSDEC sediment 

guidance. As noted in the ROD for the Croton Point Landfill (NYSDEC, 

1993c), this NYSDEC sediment guidance is not a promulgated regulatory 

criteria. 

During this risk evaluation, background information, potential exposure 

pathways and OU-II sediment chemicals of concern were first identified. 
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The detailed description of the Ecological Setting, Habitat Evaluation, and 

Endangered, Threatened or Special Consideration Species that was 

developed as part of the Croton Point Landfill Remedial Investigation 

(WCDPW, 1992a) and Feasibility Study (WCDPW, 1992b), was used in 

Section 4.3 to provide background information on OU-II sediment in 

Croton Bay. Based upon the OU-II sediment sampling results, sediment 

sampling results for adjacent off-site areas (i.e., the Croton Point Landfill) 

and sediment sampling results for background areas (i.e., the Iona Marsh), 

32 OU-II sediment chemicals of concern were identified as listed in Section 

4.3.3. 

Exposure point concentrations were then developed for each of the 

chemicals of concern and compared to the NYSDEC sediment criteria and 

NOAA Screening Guidelines identified in Section 4.3.4 to determine the 

risks, if any, posed by OU-II Croton Bay sediment. Development of the 

exposure point concentrations was discussed in Section 4.3.5 and 

comparison of the exposure point concentrations to the NYSDEC 

sediment criteria and NOAA Screening Guidelines was presented in 

Section 4.3.6. This comparison demonstrated the following: 

. four pesticides (i.e., heptachlor epoxide, 4,4'-DDE, 4-4'-DDD and 4,4'-
DDT) and a PCB compound (Aroclor-1248) exceeded the NYSDEC 
human health and/or wildlife bioaccumulation criteria; 

three polycyclic aromatic hydrocarbons (i.e., 2-methylnaphthalene, 
fluorene and anthracene) exceeded the NOAA Screening Guidelines 
for impact to aquatic life; and 

eight inorganic constituents (i.e., cadmium, chromium, copper, lead, 
manganese, mercury, zinc and iron) exceeded the NYSDEC sediment 
screening criteria for benthic organisms. 

Based on this evaluation, it was concluded that OU-II Croton Bay 

sediment may be contributing to adverse impacts to human health a n d / or 

wildlife through bioaccumulation and to adverse impacts to benthic 
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aquatic life. Although these impacts may be wholly or partially caused by 

off-site sources of chemicals of concern in Croton Bay sediment, such as 

the Croton Point Landfill, the Hudson River and the Croton River, 

remedial action objectives will be identified in this section for OU-II 

Croton Bay sediment. In accordance with the NYSDEC sediment 

guidance, the following information has been used to determine the 

remedial action objectives for OU-II sediment: 

the location and volume of sediment exceeding criteria (see Section 
5.2.2.1); 

the concentration of chemicals in the sediment (see Section 5.2.2.1); 

local background concentrations of naturally occurring substances, 
such as metals (see Section 5.2.2.2); 

the chemical of concern's persistence in the environment (see Section 
5.2.2.2); 
results from ecosystem-specific ecological studies (see Section 5.2.2.3); 

remedial difficulties, such as access problems, sensitivity of the 
impaired habitat, or lack of an effective remedial technology (see 
Section 5.2.2.4); and 

the possibility that remediation of sediment may not be required if: 

a. the chemical is non-persistent and the effect of the contaminant 
is not severe; or 

b. the chemical is persistent and the sediment is located in a 
deposition zone where the natural burying of the contaminated 
sediments beneath the zone of biological activity would be 
expected to occur within a short time and re-suspension of the 
contaminants is unlikely (see Section 5.2.2.4). 

These considerations are addressed in the following sections, as noted 

above. 
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5.2.2.1 Extent of Sediment Exceedingthe NYSDEC Criteria 

To determine the extent of affected sediment, the individual sediment 

sampling results were reviewed. Sediment sampling locations exceeding 

the NYSDEC sediment criteria are presented in Figure 5-5. As shown in 

this figure, samples collected from all six sediment locations exceeded one 

or more of the sediment criteria. Specifically: 

sediment collected from sampling locations SD-1, SD-2, SD-3, SD-4, 
SD-5 and SD-6 exceeded the Lowest Effect Level and the Severe Effects 
Level for one or more inorganic constituents; 

sediment collected from all six sampling locations exceeded the human 
health bioaccumulation sediment criteria for 4,4'-DDE, 4,4'-DDD, 4,4'-
DDT and Aroclor-1248; 

sediment collected from five of the six locations exceeded the human 
health bioaccumulation sediment criteria for heptachlor epoxide; 

sediment collected from sampling locations SD-2, SD-3 and SD-4 
exceeded the wildlife bioaccumulation sediment criteria for heptachlor 
epoxide; 

sediment collected from sampling locations SD-1, SD-3, SD-4, SD-5 and 
SD-6 exceeded the NOAA Screening Guidelines for one or more of the 
above identified polycyclic aromatic hydrocarbons (i.e., 2-methyl-
naphthalene , fluorene and anthracene). 

The depth of these sediment samples ranged from 0 to 2 feet. Assuming 

that: (1) the depth of sediment exceeding the criteria is limited to the 

upper two feet; and (2) all sediment located in Area 1, 2 and 3 exceeds the 

criteria, the total volume of OU-1I Croton Bay sediment exceeding the 

NYSDEC sediment criteria in the vicinity of the Harmon Yard Outfall is 

approximately 1,900 cubic yards. 
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Evaluation of Sediment Exceeding the NYSDEC Criteria 

In accordance with NYSDEC sediment guidance (NYSDEC, 1993a) and the 

Metro-North OU-II RI/FS Work Plan (ERM-Northeast, 1994b), background 

chemical concentrations in sediment, chemical persistence and ecosystem-

specific ecological studies developed in the Croton Point Landfill 

Remedial Investigation (WCDPW, 1992a) and Feasibility Study (WCDPW, 

1992a) for Croton Bay have been evaluated to define the remedial action 

objectives for OU-II Croton Bay sediment. As shown in Figure 3-1.5, the 

OU-II Croton Bay sediment area is located in close proximity to the 

Croton Point Landfill and the Croton Marsh ecosystem. The Croton Point 

Marsh area is identified on Figure 3-1.5 as the area where sediment 

samples were collected during the Croton Point Landfill Remedial 

Investigation. 

Because of the proximity of these two areas, ecological studies conducted 

in Croton Marsh as part of an Environmental Risk Assessment (ERA) for 

Croton Point Landfill have been used to evaluate OU-II Croton Bay 

sediment. Applicable Croton Point Landfill ecological studies pertaining 

to human health and wildlife bioaccumulation and benthic aquatic toxicity 

include: fish tissue studies for Croton Marsh and Iona Marsh fish; 

evaluation of fish ingestion risks for humans and ecological receptors; 

macrobenthos studies in Croton Marsh and Iona Marsh; and assessment 

of Croton Marsh vegetation and biomass. Iona Marsh is located along the 

banks of the Hudson River approximately 10 miles north of Harmon Yard. 

Data from Iona Marsh was used in the Croton Point Landfill studies in 

defining background sediment quality. 

The comparison of the exposure point concentrations for chemicals of 

concern in OU-II Croton Bay sediment to applicable NYSDEC sediment 

criteria that was presented in Section 4.3 concluded the following: 
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Five Of the organic compound chemicals of concern, including four 
pesticide compounds (i.e., heptachlor epoxide, 4,4'-DDE, 4,4'-DDD and 
4,4'-DDT) and one PCB compound (i.e., Aroclor-1248) exceeded the 
NYSDEC human health and/or bioaccumulation sediment criteria. 

Three polycyclic aromatic hydrocarbons (i.e., 2-methylnaphthalene , 
fluorene and anthracene) exceeded the NOAA Screening Guidelines 
for impact to aquatic life. 

None of the organic compound chemicals of concern exceeded the 
NYSDEC benthic aquatic life acute or chronic toxicity sediment 
criteria. 

All of the organic compound chemicals of concern in OU-II sediment 
that exceeded the NYSDEC criteria are persistent in the environment. 

Ten inorganic constituents (i.e., arsenic, cadmium, chromium, copper, 
lead, manganese, mercury, nickel, zinc and iron) exceeded the 
NYSDEC Lowest Observable Effects Level (LOEL) sediment criteria for 
benthic organisms. Six of these inorganic constituents (i.e., all except 
arsenic, cadmium, nickel and manganese) also exceeded the NYSDEC 
Severe Effects Level sediment criteria. 

The sediment criteria presented in the NYSDEC document NYSDEC 

Technical Guidance for Screening Contaminated Sediment (NYSDEC, 

1993a) were used in this analysis. As discussed in this guidance document, 

these criteria are screening levels and are not cleanup levels. Section II 

(Background and Objectives) of the guidance states that a primary 

objective of the 1993 revision to an earlier version of this document was to 

establish the role of the criteria as a screening mechanism and that " . . . it 

is not necessary in all cases and at all times to achieve these criteria 

through remediation efforts." As discussed in Section 5.2.2.4, active 

remediation of chemicals present in sediment in concentrations exceeding 

the NYSDEC sediment criteria is generally impractical and typically poses 

adverse impacts to the environment that often outweigh the benefits. 

However, sources of chemicals to sediment should be addressed to the 

extent practicable. The potential sources of the chemicals of concern 

present in Croton Bay sediment in concentrations exceeding the NYSDEC 

sediment criteria and the measures taken to address some of these 
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sources, in particular the potential sources related to Harmon Yard, are 

discussed below. This is followed by a discussion of the degree to which 

these sources may be contributing to one or more of the four groups of 

chemicals of concern in Croton Bay sediment, i.e., pesticides, PCBs, 

polycyclic aromatic hydrocarbons and inorganic constituents. 

Potential Sources of Chemicals to Croton Bay Sediment 

There are three potential sources of the chemicals found in Croton Bay 

sediment in concentrations exceeding the NYSDEC sediment criteria: (1) 

Harmon Yard; (2) the Croton Point Landfill; and (3) the Croton River. 

These potential sources are likely to have contributed and in some cases 

(i.e., the Croton River) may still be contributing, to some or all of the 

chemicals present in Croton Bay sediment in concentrations that exceed 

the NYSDEC sediment criteria. These potential sources are discussed 

below. 

Current and former wastewater discharges from the Harmon Yard outfall 

pipe and NAPL that may be migrating along the former and active outfall 

pipes to Croton Bay are potential sources of chemicals to Croton Bay 

sediment. Wastewater from the Harmon Yard treatment plant has been 

discharged to the outfall pipe to Croton Bay by Metro-North and by 

predecessor railroads. The Harmon Yard wastewater equalization lagoon 

that contained PCB sludge and the old wastewater treatment plant have 

been taken out of service and remediated as part of the Harmon Yard 

Operable Unit I remediation. As a result of this and other actions taken by 

Metro-North, wastewater discharges from Harmon Yard have been 

virtually free of PCBs. In addition, Metro-North is under a NYSDEC 

Consent Decree to divert Harmon Yard wastewater from the on-site 

treatment plant and Croton Bay discharge and to convey this wastewater 

to the county-owned sewage treatment plant at Ossining. As a result, it is 

unlikely that current wastewater discharges from Harmon Yard 
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contribute chemicals to Croton Bay and the diversion of this wastewater 

to the Ossining treatment plant in the future will eliminate Harmon Yard 

wastewater as a potential source of chemicals to Croton Bay. 

However, NAPL from other areas of Harmon Yard (i.e., not the OU-II 

Site) may have migrated along the outside of the current and former 

outfall pipes to Croton Bay. This potential migration pathway has been 

addressed by the installation of a NAPL recovery (cutoff) trench and wells 

at the southern end of Harmon Yard, across the outfall pipes. This trench 

was installed and is operated in accordance with the Harmon Yard 

Remediation Plan (ERM, 1996), which was approved by the NYSDEC in 

July 1996 (NYSDEC, 1996). 

The Croton Point Landfill is located adjacent to Croton Bay. This site is 

listed on the NYSDEC Registry of Inactive Hazardous Waste Disposal 

Sites. Storm water runoff and leachate from this site containing chemicals 

of concern discharged to Croton Bay and to surface water tributaries that 

discharged to Croton Bay. Remedial actions, including surface water 

controls and a low permeability cover, have been completed at the Site in 

accordance with a NYSDEC Record of Decision (NYSDEC, 1993c). These 

actions have significantly reduced and possibly eliminated discharges of 

chemicals of concern from Croton Point Landfill to Croton Bay in the 

future. 

The third potential source of chemicals of concern listed above is the 

Croton River. The OU-II Croton Bay sediment area is the outfall of the 

Croton River. The Croton River collects surface water runoff and other 

discharges from the adjacent section of Westchester County. In addition, 

the New York City New Croton Reservoir, which is located approximately 

3.5 miles upstream of Croton Bay and provides water to the New York 

City water supply system, also discharges flow to the Croton River. The 

New Croton Reservoir was formed by the construction of a dam in 1842 
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and is the final reservoir in the New York City Croton water supply 

reservoir system. As a result, the Croton River and the New Croton 

Reservoir accept surface water runoff and other discharges from the entire 

Croton water supply system drainage basin. The Croton water supply 

system drainage basin is the most developed of the City's water supply 

reservoir systems. For example, there are 64 sewage treatment plants that 

discharge into upstream waters that eventually flow into the New Croton 

Reservoir and almost 400,000 gallons of treated sewage from permitted 

sources that flow directly into the New Croton Reservoir (NRDC, 1993). In 

order to address the relatively high levels of sediment and other 

suspended material in this surface water, New York City has agreed to 

construct a treatment plant to filter this material from this surface water 

prior to use (NRDC, 1993). 

Sediment and other material in surface water in the Croton River will be 

kept in suspension by the relatively high stream flows in the river, 

especially during storm events. Upon reaching Croton Bay, however, 

stream flow (i.e., velocity) decreases significantly and because of tidal 

effects, will even become stagnant twice a day. Particles kept in 

suspension by the higher stream flows in the river will settle and form a 

sediment layer (delta area). Deposition at the outfall of a river is typical, 

especially when the discharge is into a protected surface water basin such 

as Croton Bay. Low-lying delta regions that form at the outfall of a river 

are one example of this phenomena. It is likely, then, that the Croton 

River, is a potential source of the some of the chemicals of concern that are 

present in OU-II sediment. The Croton River will continue to be a 

potential source of chemicals of concern to OU-II Croton Bay sediment 

until the water quality improvements that are the goal of the recently 

enacted Watershed Agreement between New York City and the 

communities in the watershed area have been realized. 
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The relative contribution of each of these potential source to the four 

classes of chemicals of concern in Croton Bay sediment are discussed 

below for each class of chemical (i.e., pesticides, PCBs, polycyclic aromatic 

hydrocarbons and inorganic constituents). 

Sources of Pesticides in OU-II Croton Bay Sediment 

The outfall of the Croton River and discharges from the Croton Point 

Landfill are probably the pr imary sources of the pesticide chemicals of 

concern (i.e., 4,4'-DDE, 4,4'-DDD and 4-4'-DDT) in Croton Bay sediment. It 

is unlikely that Harmon Yard ground water or the discharge from the 

Harmon Yard outfall pipes are sources of the pesticides in Croton Bay 

sediment. This conclusion is based on the following: 

the concentration of pesticides in Cro ton Bay sediment were highest in 
the sampling locations furthest away from the Ha rmon Yard shore area 
and discharge pipes (i.e., pesticide concentrations were highest in 
Croton Bay sediment samples SD-4, SD-5 and SD-6); and 

pesticides were not detected in the g round water samples collected 
from monitoring wells ERM-16, ERM-17 and ERM-19 in the southern 
end of Harmon Yard adjacent to the Croton Bay discharge area, as 
discussed in Section 5.5 and Table 5-6 of the H a r m o n Yard Field 
Investigation Report (ERM, April 1995). 

Sources of PCBs in OLMI Croton Bay Sediment 

Treated wastewater that was previously discharged from the old Harmon 

Yard wastewater treatment plant and, to a lesser extent, discharges from 

the Croton Point Landfill are probably the primary sources of the PCB 

chemical of concern (i.e., Aroclor-1248) in Croton Bay sediment. 

Section 4.3.6 identifies PCBs (i.e., Aroclor-1248) as a chemical of concern in 

Croton Bay sediment where exposure point concentrations exceeded the 

NYSDEC criteria for screening contaminated sediment. Sediment samples 
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were collected during the OU-II remedial investigation from 6 locations in 

Croton Bay. The PCB concentrations detected in Croton Bay sediment 

were very low, ranging from 0.094 m g / k g to 0.610 mg/kg. The 95% Upper 

Confidence Limit (UCL) of these OU-II Croton Bay PCB sediment sample 

results was 0.383 mg/kg. This is less than the 1.0 mg /kg NYSDEC cleanup 

objective for surface soil, but is higher than the NYSDEC sediment 

screening criteria. However, the sediment screening criteria used to 

evaluate these PCB concentrations is also very low. As previously 

discussed, these criteria are screening levels and are not cleanup levels. 

Since the former Harmon Yard wastewater equalization lagoon that 

contained PCB sludge and the old treatment plant were taken out of 

service, wastewater discharged from Harmon Yard has been virtually free 

of PCBs. Although the PCB concentrations in the treated wastewater from 

the old Harmon Yard wastewater treatment plant were generally in 

compliance with the SPDES permit in effect at that time, the deposition of 

PCBs that adhere to suspended solids in Croton Bay wastewater would 

have resulted in the presence of PCBs in Croton Bay sediment. Suspended 

solids containing PCBs would have been deposited beyond the mixing 

zone for the outfall pipe, which is the general area where the highest PCB 

concentrations in Croton Bay sediment were detected (i.e., Croton Bay 

sediment samples SD^l, SD-5 and SD-6). 

PCBs have not been detected in Harmon Yard ground water and have 

now been virtually eliminated from treated wastewater discharged to 

Croton Bay from Harmon Yard. As a result, Harmon Yard is not a 

continuing source of PCBs to Croton Bay sediment. Also, the diversion of 

Harmon Yard wastewater to the Ossining treatment plant that is required 

by a NYSDEC Consent Decree will eliminate any contribution of PCBs 

from Harmon Yard wastewater to Croton Bay in the future. 
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The closing and capping of the Croton Point Landfill that was completed 

in 1996 has also probably eliminated the Croton Point Landfill as a 

continuing source of PCBs to Croton Bay sediment. PCBs detected in OU-

II Remedial Investigation sediment samples from Croton Bay, then, are 

probably the result of past operations at Harmon Yard and, to a lesser 

extent, to past operations at the Croton Point Landfill. 

Sources of PAHs in OU-II Croton Bay Sediment 

Harmon Yard is probably the primary source of the polycyclic aromatic 

hydrocarbon (PAH) chemicals of concern (i.e., 2-methylnapthalene, 

fluorine and anthracene) that are present in Croton Bay sediment in 

concentrations that exceed the NYSDEC sediment criteria. It is unlikely 

that the Croton River and the Croton Point Landfill are significant sources 

of the PAHs in Croton Bay sediment. These PAHs are typical constituents 

of petroleum and petroleum seeps into Croton Bay have been observed 

near the Harmon Yard outfall pipes. Although it is believed that these 

seeps originate from NAPL that has been observed in areas of Harmon 

Yard not related to the wastewater treatment area (i.e., the OU-II Site), the 

specific source of this NAPL has not been identified. NAPL has been 

observed in five areas within Harmon Yard that are not related to the OU-

II Site but only stained soil has been observed along the discharge pipe. 

That is, free-phase NAPL has not been observed in soil along the Harmon 

Yard discharge pipes. Nevertheless, Metro-North has begun a program to 

control and to eventually eliminate these petroleum seeps into Croton Bay. 

The Croton Bay Seepage Control Plan was incorporated into the Harmon 

Yard Remediation Plan (ERM; 10 April 1996), which was approved by the 

NYSDEC on 3 July 1996. The Croton Bay Seepage Control Plan is designed 

to address the potential migration of NAPL in Harmon Yard into Croton 

Bay. The key elements of the Croton Bay Seepage Control Plan are a NAPL 

barrier and collection trench and a containment boom in Croton Bay. The 

ERM-Northeast 5-41 F:\... \MNCROUII\FS_ TEXT\SECT_5. DOC 

file:///MNCROUII/FS_


containment boom will collect petroleum in Croton Bay surface water but 

the NAPL barrier and collection trench, which has been installed and is 

currently being operated by Metro-North across the southern end of 

Harmon Yard where the discharge pipes are located, will prevent the 

possibility that NAPL in any area of Harmon Yard could migrate along the 

discharge pipes to Croton Bay in the future. These actions will eliminate 

the deposition of additional PAHs to the sediment in Croton Bay from 

Harmon Yard. 

Sources of Inorganic Constituents in OU-II Croton Bay Sediment 

The Croton River, the Croton Point Landfill and Harmon Yard are all 

potential sources of the inorganic constituents detected in Croton Bay 

sediment. With respect to the inorganic constituents detected in OU-II 

sediment samples, Section 4.3.6 concluded that these constituents 

exceeded both the NYSDEC sediment criteria based on potential 

bioaccumulation effects on human health and wildlife and the NYSDEC 

sediment criteria for benthic organisms. However, Section 4.3.6 noted that 

the highest concentrations of inorganic constituents were found in the 

three OU-II Croton Bay sediment samples that were located furthest from 

the outfall pipe. 

Harmon Yard ground water and treated Harmon Yard wastewater are 

potential sources of inorganic constituents to Croton Bay sediment. The 

only inorganic constituents detected in Croton Bay sediment that was also 

detected at elevated concentrations in Harmon Yard ground water were 

iron and manganese. Harmon Yard ground water discharging to Croton 

Bay, then, is probably a source of iron and manganese to Croton Bay 

sediment. Iron and manganese in Harmon Yard ground water is related to 

the corrosion of tracks and other metal objects by stray electrical currents 

at Harmon Yard and by the increased microbial activity related to the 

presence of NAPL in soil at Harmon Yard. This increased biological 
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activity creates an anaerobic condition and a reduction in the redox 

potential in soil and ground water, which results in the solubilization of 

the iron and manganese that is naturally present in soil. See Sections 1.3.3 

and 2.3.3.1 of the Harmon Yard Remediation Plan (ERM; 10 April 1996). 

Inorganic constituents are also present in treated Harmon Yard 

wastewater. Inorganic constituents in treated Harmon Yard wastewater 

that adhere to suspended solids in Croton Bay surface water may be 

settling and mixing with Croton Bay sediment. The diversion of Harmon 

Yard wastewater to the Ossining treatment plant that is required by a 

NYSDEC Consent Decree will eliminate the discharge of inorganic 

constituents from Harmon Yard to Croton Bay in the future. 

Review of the sampling results for the Croton Point Landfill sediment 

sample locations closest to OU-II Croton Bay sediment area (i.e., Croton 

Point Landfill sediment Stations 1 to 7 and 24) indicates that, with the 

exception of chromium and iron, all the inorganic constituents detected in 

OU-II sediment samples that exceeded the NYSDEC sediment criteria 

were also detected in Croton Point Landfill sediment samples (see Figure 

4-3.2 for station locations). NYSDEC sediment criteria for six of the eight 

OU-II inorganic chemicals of concern (i.e., cadmium, copper, lead, 

manganese, mercury and zinc) were also exceeded at one or more of the 

Croton Point Landfill sediment sampling stations that were located in 

Croton Marsh, which is adjacent to and upstream of the OU-II Croton Bay 

sediment area. 

As shown in Figure 5-5, OU-II sediment samples SD-4, SD-5 and SD-6 

exhibited the highest concentrations of inorganic constituents, had the 

greatest number of Lowest Effect Level and Severe Effect Level 

exceedances and are located further from the Harmon Yard Outfall than 

sediment samples SD-1, SD-2 and SD-3. Lower sediment concentrations in 

the immediate vicinity of the outfall (i.e., SD-1, SD-2 and SD-3) are an 

indication that inorganic constituents in OU-II Croton Bay sediment may 
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have originated from the Croton Point Landfill and the Croton River, as 

well as from Harmon Yard. 

Thirteen inorganic chemicals of concern (aluminum, barium, cadmium, 

calcium, lead, magnesium, manganese, mercury, potassium, sodium, 

silver and zinc) were also detected in the surface water sample collected 

from Croton Bay in the vicinity of the OU-II sediment samples. Sediment 

concentrations of five of these inorganics (cadmium, lead, manganese, 

mercury and zinc) exceeded the NYSDEC sediment criteria. Surface water 

sample results from the Croton Point Landfill Remedial Investigation 

suggests that a number of these chemicals may have been contributed by 

the Croton Point Landfill. 

Detectable concentrations of aluminum, barium, calcium, lead, 

magnesium, manganese, potassium, sodium and zinc were observed in 

surface water samples collected near the Croton Point Landfill. A 

comparison of Croton Point Landfill and OU-II Croton Bay surface water 

concentrations was provided in Table 4.3-5. The maximum concentration 

of each of the nine inorganic constituents detected in Croton Bay surface 

water during the Croton Point Landfill remedial investigation sampling 

exceeded the concentrations detected in the OU-II Croton Bay surface 

water samples with the exception of calcium. This comparison of Croton 

Point Landfill and OU-II Croton Bay surface water sampling results 

support the conclusion that the inorganic constituents in OU-II Croton 

Bay surface water may be related to the Croton Point Landfill, as well as 

to the Croton River and Harmon Yard. 

Suspended solids, including inorganic constituents, are present in surface 

water in the Croton River drainage basin at levels that require New York 

City to construct a treatment plant to filter this surface water prior to use. 

The suspended solids that contain inorganic constituents and that are 

present in Croton River surface water will deposit in Croton Bay where 
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stream flows decrease significantly. Suspended solids kept in suspension 

by the higher stream flows in the river will settle and form a sediment 

layer in the slower and at times stagnant surface water of Croton Bay. 

In conclusion, Harmon Yard, the Croton Point Landfill and the Croton 

River are potential sources of inorganic constituents to OU-II Croton Bay 

sediment. Remedial actions at Harmon Yard and the Croton Point Landfill 

has significantly reduced and will eventually eliminate these areas as 

sources of inorganic constituents to Croton Bay sediment. The Croton 

River, however, will continue to contribute inorganic constituents until 

the water quality improvements that are the goal of the recently enacted 

Watershed Agreement between New York City and the communities in 

the watershed area have been realized. 

Results of Ecosystem-Specific Ecological Studies 

NYSDEC guidance (NYSDEC, 1993a) recommends that ecosystem-specific 

studies be conducted to verify the need for remedial action in areas 

exceeding the NYSDEC sediment criteria. As discussed in Section 5.2.2, 

chemical concentrations in OU-II Croton Bay sediment exceed criteria 

based upon human health concerns; sediment criteria based upon 

protection of pisciverous (i.e., fish-eating) wildlife; and sediment criteria 

based upon aquatic life toxicity. 

For sediments exceeding criteria based on human health concerns, 

NYSDEC recommends that data on residues in edible, resident biota from 

the areas of concern be collected and compared with tolerances, action 

levels, guidance levels or 1 x 10-6 cancer risk levels, to verify the need for 

remediation. For sediments exceeding criteria for the protection of 

pisciverous (i.e., fish-eating) wildlife, NYSDEC recommends that data for 

residues in resident prey of fish-eating wildlife be collected and compared 

to fish flesh criteria for the protection of wildlife and to food supply levels 
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known to be toxic to wildlife. For sediments that exceed criteria based 

upon aquatic life toxicity, NYSDEC recommends further evaluation of the 

benthic community through: (1) comparisons of observed and measured 

impairment and chemical concentrations; and (2) toxicity tests with fish 

and benthic invertebrates and potentially remediation if the inorganic 

concentrations exceed the Severe Effect Level. (NYSDEC, 1993a) 

As discussed above, the Croton Point Landfill ERA evaluated the impacts 

posed to humans and wildlife by ingestion of Croton Marsh fish. The ERA 

also noted that since these fish are transient and migrate up and down the 

river, human health impacts posed by ingestion of Croton Marsh fish 

should also be considered applicable for the remainder of the lower 

Hudson River (WCDPW, 1992a). 

Using the fish tissue results, potential non-carcinogenic and carcinogenic 

risks for human ingestion of Croton Marsh fish were determined. 

Carcinogenic risks greater than 1 x 106 and Hazard Quotients for non-

carcinogenic risks greater than 1.0 were identified. Consequently, the 

Croton Point Landfill Feasibility Study concluded that ingestion of fish 

from Croton Marsh poses unacceptable non-carcinogenic and carcinogenic 

risks to humans. (WCDPW, 1992a). 

The Croton Point Landfill ERA also evaluated the potential risks posed to 

Kingfishers (a species of birds) by consumption of fish from Croton Marsh 

and ingestion of surface water. This evaluation concluded that 

unacceptable non-carcinogenic risks are posed to Kingfishers from 

ingestion of Croton Marsh fish and that the majority of the non-

carcinogenic risk is attributable to iron, magnesium and aluminum 

present in the fish. 

Lastly, the Croton Point Landfill ERA conducted a macrobenthos study 

for Croton Marsh and Iona Marsh sediment. This study confirmed that 
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there was a potential for adverse effects to benthic life. The sampling 

results for the eastern tidal streams of the Croton Marsh (the sampling 

area closest to the OU-II Croton Bay sediment area) showed indications of 

stress, i.e., fewer species, more individuals, low diversity and even index 

values. However, the predominance of turbifides and chironimides in the 

stressed tidal streams suggested organic enrichment of the surface water 

and sediment. In addition, the biological health of the benthic community, 

as measured by species richness, community diversity, and the taxa 

evenness improved with distance from the landfill, suggesting possible 

landfill influence. 

In summary, OU-II Croton Bay sediment sampling results, background 

sediment concentrations and ecological studies conducted for the local 

ecosystem indicate that Harmon Yard, the Croton Point Landfill and the 

Croton River have adversely impacted the local ecosystem. 

Remedial Action Objectives for OU-II Croton Bay Sediment 

In accordance with the NYSDEC guidance, the need, implementability 

and effectiveness of remediating sediment exceeding the NYSDEC criteria 

were used to determine the remedial action objectives for OU-II Croton 

Bay sediment. Remedial difficulties, such as access problems, sensitivity of 

the impaired habitat, and lack of an effective remedial technology were 

considered. As discussed below, the environmental conditions in Croton 

Marsh and the evaluation of remedial approaches contained in the Croton 

Point Landfill Feasibility Study (WCDPW, 1992b) and the Croton Point 

Landfill ROD (NYSDEC, 1993c) were used in conjunction with the 

assessment of potential risks related to OU-II Croton Bay sediment 

presented in Section 4.3 to establish the remedial action objective for OU-II 

Croton Bay sediment. 
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As discussed in Section 5.2.2.3, the Croton Marsh ecosystem, which is 

located within Croton Bay, was evaluated in the Croton Point Landfill 

ERA and Feasibility Study (WCDPW, 1992b). Based upon unacceptable 

risks to human health and wildlife by bioaccumulation and to benthic life, 

remediation of sediment located in this ecosystem was evaluated in the 

Croton Point Landfill Feasibility Study (WCDPW, 1992b). Two Croton 

Marsh sediment remedial options were evaluated in the Croton Point 

Landfill Feasibility Study, which was approved by the NYSDEC. They 

were: (1) excavation with on-site, disposal; and (2) natural burying of the 

sediments beneath the zone of biological activity through sediment 

deposition. The latter was identified in the Croton Point Landfill 

Feasibility Study as the No Action alternative. 

The No Action remedial alternative was selected for Croton Marsh 

sediment in the Croton Point Landfill ROD (NYSDEC, 1993c) for the 

following reasons: 

the NYSDEC sediment criteria were primarily exceeded in 
approximately 4 acres of the 40-acre Croton Marsh; 

capping the landfill would address the suspected source of sediment 
contamination (i.e., landfill leachate); 

the storm water drainage system, along with the landfill cover, would 
mitigate the potential for deposition of chemicals from soil from 
overland storm water flow; 

remediation of this sensitive ecosystem through intrusive activities 
(e.g., dredging) would have severe adverse impacts; 

remediation of Croton Marsh sediment was impracticable since the 
cost was considered to be excessive for the expected benefits that 
would be realized by the biotic community; and 

natural covering of affected sediment through deposition of suspended 
material and additional sediment from the Hudson River would 
address the ecological concerns at the site. 
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The evaluation of remedial options and the conclusions regarding 

sediment remediation for Croton Marsh contained in the Croton Point 

Landfill ROD (NYSDEQ 1993c) are directly applicable to OU-II Croton 

Bay sediment. As discussed in Section 5.2.2.2, remedial actions at Harmon 

Yard and at the Croton Point Landfill have significantly reduced the 

discharge of chemicals from these areas to Croton Bay. In addition, the 

diversion of Harmon Yard wastewater to the Ossining treatment plant, 

which is required under a NYSDEC Consent Decree, will eliminate 

Harmon Yard wastewater as a potential source of chemicals to Croton Bay 

in the future. 

The similarity of the environmental conditions in both areas (i.e., Croton 

Marsh and the OU-II Croton Bay sediment area) and the additional 

mitigating factors that pertain solely to the OU-II Croton Bay sediment 

area demonstrate that natural attenuation is the only viable remedial 

approach for OU-II Croton Bay sediment. Natural attenuation is defined 

in this case as the continued accumulation of sediment from the Hudson 

River and adjacent surface water bodies that would eventually cover the 

existing OU-II Croton Bay sediment. The continued deposition and 

accumulation of sediment from the Hudson River in this area is discussed 

in the Croton Point Landfill ROD (NYSDEC, 1993c) for Croton Marsh. 

The environmental conditions and the remedial options for sediment in 

Croton Marsh and in the OU-II Croton Bay sediment area are very similar: 

these areas are located in close proximity to one another, i.e., within 
one-half mile; 

the specific chemicals detected in OU-II Croton Bay sediment, in 
particular inorganic constituents, were also found in Croton Marsh 
sediment and in Croton Bay surface water adjacent to the Croton Point 
Landfill that was sampled as part of the Croton Point Landfill remedial 
investigation; 
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both locations are natural deposition areas for sediment and other 
suspended material from the Hudson River; 

removal of sediment from either area would have the same 
significantly adverse effects on benthic aquatic organisms during 
construction and for an indefinite period of time after sediment 
removal has been completed; and 

the remedial actions that have already been implemented for the 
Croton Point Landfill and for Harmon Yard will eliminate these areas 
as sources of chemicals to Croton Bay sediment and thus would 
eliminate a major source of chemicals to OU-II Croton Bay sediment. 

Because of these similarities, the remedial approach defined in the Croton 

Point Landfill feasibility study for Croton Marsh sediment, i.e., natural 

attenuation or no action, is also the preferred remedial approach for OU-II 

sediment. 

The adverse effects of sediment removal referred to above were discussed 

in the Croton Point Landfill ROD (NYSDEC, 1993c). Dredging operations 

to remove sediment will cause this material to become suspended in the 

water column. Even if sheeting and other containment methods are used, 

the Croton Point Landfill ROD (NYSDEC, 1993c) concluded that there is a 

potential for this suspended sediment to escape the remediation area and 

migrate off-site. A more significant impact is the fact that removal of this 

sediment will, in effect, remove all of the benthic organisms that are 

currently present in sediment in this area and the environment that 

currently supports them. The NYSDEC sediment criteria suggests that 

there would be adverse effects on benthic organisms and aquatic life from 

the chemicals of concern in OU-II Croton Bay sediment and the ecological 

studies performed for Croton Marsh concluded that the benthic 

environment in this area was strained. Nevertheless, the ecological system 

in both of these areas are functioning, although to a lesser degree than are 

unaffected areas such as Iona Marsh. Remediation would eliminate all of 

the components of this ecological system, including the benthic 

organisms, vegetation and the substrate which supports these organisms. 

ERM-Northeast 5-50 F:\...\MNCROUII\FS_ TEXT\SECT_5. DOC 



Sediment removed from this area would be replaced with 

uncontaminated fill. Redevelopment of a functioning ecological system in 

the OU-II Croton Bay sediment area after remediation would take an 

indefinite period of time during which there would effectively be no 

benthic ecological system in this area. 

Based on the environmental conditions in Croton Marsh and the costs and 

adverse impacts of remediation of sediment in Croton Marsh, the Croton 

Point Landfill ROD (NYSDEC, 1993c) concluded that the remediation of 

the sediment in Croton Marsh was impracticable since the cost was 

excessive for the expected benefits that would be realized by the biotic 

community. The volume of sediment in Croton Marsh sediment was 

estimated to be approximately 15,000 cubic yards. The volume of 

sediment in the OU-II Croton Bay area is approximately 2,000 cubic yards. 

The unit cost (i.e., the cost per cubic yard) to remediate soil or sediment 

typically decreases as the volume of material to be remediated increases. 

As a result, the unit cost to remediate OU-II Croton Bay sediment would 

be higher than the unit cost to remediate the sediment in Croton Marsh. 

However, the environmental benefits of remediating sediment increase in 

direct proportion to the amount of sediment removed, e.g., remediation of 

twice the volume of sediment would be expected to provide twice the 

environmental benefits. Since the unit cost of remediation for OU-II 

Croton Bay sediment would be higher than the unit cost of remediating 

Croton Marsh sediment but the environmental benefits would be 

comparable, a cost/benefit analysis for the remediation of OU-II Croton 

Bay sediment would be even less favorable than the cost/benefit analysis 

performed by the NYSDEC for Croton Marsh. As discussed above, the 

cost/benefit analysis for Croton Marsh sediment was the basis of the 

decision by the NYSDEC to select a no action alternative in the Croton 

Point Landfill ROD (NYSDEC, 1993c) for this sediment. As a result, a 

comparison of the cost to remediate OU-II Croton Bay sediment to the 
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expected environmental benefits would also conclude that remediation of 

OU-II sediment was impracticable. 

The primary difference in the environmental conditions in the OU-II 

Croton Bay sediment area and Croton Marsh is that source removal and 

off-site treatment has been used at Harmon Yard but the primary remedial 

approach used at the Croton Point Landfill is containment (i.e., capping) 

which has left the chemicals of concern in the landfill in place. Unlike the 

chemicals of concern in the Croton Point Landfill, which have been 

contained but not removed, all of the PCBs, which are the primary 

chemical of concern for OU-II, have been removed from the former lagoon 

area and incinerated at an off-site facility. Closure of this wastewater 

equalization lagoon was completed in May 1996 in accordance with the 

ROD (NYSDEC, 1992) for the OU-I portion of this site. The old Harmon 

Yard wastewater treatment plant has been demolished and, as a result, no 

additional discharges from the lagoon or the old wastewater treatment 

plant to the OU-II sediment area are possible. In addition, a seepage 

control program consisting of a NAPL collection trench and barrier 

system to be installed at the southern end of Harmon Yard approximately 

50 feet from the OU-II sediment area is currently under construction by 

Metro-North. This seepage control system is designed to contain, collect 

and remove NAPL that may be migrating from Harmon Yard to Croton 

Bay. In addition, the discharge of Harmon Yard wastewater to the 

Ossining treatment plant, which is required by a NYSDEC Consent 

Decree, will eliminate Harmon Yard wastewater as a source of chemicals 

to OU-II Croton Bay sediment in the future. 

The effect of these remedial actions is to significantly reduce and possibly 

eliminate the potential for chemicals of concern in environmental media at 

Harmon Yard to migrate to the OU-II Croton Bay sediment area. 
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The second major difference in the environmental conditions in the OU-II 

Croton Bay sediment area and Croton Marsh is the effect of deposition 

from sediment and other suspended material in the Croton River. The 

Croton River does not drain directly to Croton Marsh, as shown on Figure 

4.3-1. As discussed in Section 5.2.2.2, the Croton River drains the most 

developed of all of the New York City water supply reservoir systems. 

The sediment and suspended material present in surface water in this 

drainage basin is the reason the City of New York has agreed to filter this 

water supply prior to use. In addition, sediment and other material kept 

in suspension by relatively high stream flows in the river will settle out 

and deposit at the river's outfall, where the surface water in Croton Bay 

and tidal effects will slow and at times stop water from the Croton River. 

The OU-II Croton Bay sediment area is the outfall for the Croton River. 

This source of chemicals of concern to OU-II Croton Bay sediment will 

continue until water quality in the Croton River improves significantly. 

To summarize, the remedial action objective for OU-II Croton Bay 

sediment is to permit natural attenuation, defined in this case as the 

continued deposition of additional sediment in this area from the Hudson 

River and adjacent surface water bodies, to address the potential 

unacceptable risks posed by OU-II Croton Bay sediment. This remedial 

action objective was selected for OU-II Croton Bay sediment based on the 

following: 

the fact that the highest concentrations of chemicals of concern and the 
greatest number of chemicals and samples that exceeded the NYSDEC 
sediment criteria were detected in the three OU-II Croton Bay 
sediment samples that were located further from the Harmon Yard 
outfall pipe and not in the three samples located closest to the outfall 
pipe; 

the similarities between Croton Marsh and the OU-II Croton Bay 
sediment area and the selection in the Croton Point Landfill ROD 
(NYSDEC, 1993c) of natural attenuation (no action) for Croton Marsh 
sediment; 

ERM-Northeast 5-53 FX..\MNCROUII\FS TEXT\SECT_5.DOC 

file://TEXT/SECT_5.DOC


the removal of PCBs, closure of the lagoon, demolition of the old 
Harmon Yard wastewater treatment plant, the installation of a Croton 
Bay seepage control system and the planned diversion of Harmon 
Yard wastewater to the Ossining treatment plant; 

the expected elimination of the Croton Point Landfill as a potential 
continuing source of chemicals to OU-II Croton Bay sediment now that 
the selected remedial action alternative for the Croton Point Landfill 
(i.e., landfill capping with leachate collection) has been implemented; 

the likelihood that deposition of sediment from the Croton River will 
continue to contribute chemicals of concern to OU-II Croton Bay 
sediment; 

the adverse impacts to the benthic environment in the OU-II Croton 
Bay sediment area from remediation both during construction and for 
an indefinite period of time after remediation has been completed; and 

based on the cost/benefit analysis performed by the NYSDEC for 
Croton Marsh, a comparison of the cost to remediate OU-II Croton Bay 
sediment to the expected environmental benefits would also conclude 
that remediation of OU-II sediment was impracticable. 

In conclusion, the only viable remedial alternative for OU-II Croton Bay 

sediment that would achieve the remedial action objective for sediment is 

natural attenuation, defined for this area as the continued deposition of 

additional sediment in this area from the Hudson River and adjacent 

surface water bodies. This remedial approach has been selected to address 

the potential unacceptable risks posed by OU-II Croton Bay sediment. 

This remedial approach, referred to as natural sediment deposition, has 

been included as a Common Action in each of the remedial alternatives 

evaluated in Section 7.0. 
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6.0 IDENTIFICATION AND SCREENING OF REMEDIAL ACTION 

TECHNOLOGIES 

This section identifies applicable remedial technologies and associated 

process options which can be employed at the Site to achieve the remedial 

action objectives for NAPL located in the vicinity of the former lagoon. As 

identified in Section 5.2.1.5, the remedial action objectives for OU-II NAPL 

are: (1) to prevent further off-site migration of NAPL; (2) to remove OU-II 

NAPL to the extent practical; and (3) to continue to prevent direct contact 

with subsurface OU-II NAPL in the vicinity of the former lagoon. 

In accordance with the Stipulation of Discontinuance (NYSDEC, 1994a), 

four environmental media have been evaluated as part of the OU-II 

RI/FS: (1) soil adjacent to the former wastewater discharge line from the 

lagoon area to Croton Bay; (2) ground water in the vicinity of the former 

lagoon area; (3) OU-II Croton Bay sediment; and (4) NAPL in the vicinity 

of the former lagoon area. As discussed in Section 4.1.1, PCB 

concentrations in soil adjacent to the former discharge line were less than 

the PCB remedial goal established in the OU-I ROD (NYSDEC, 1992) for 

subsurface soil and in the NYSDEC soil cleanup objective guidelines 

(NYSDEC, 1994c). Since the NYSDEC remedial program for the lagoon 

and related environmental media is PCB-driven (NYSDEC, 1994), soil 

along the former discharge line has been eliminated as a media of interest 

for OU-II. Instead, soil along the former discharge line, which contained 

petroleum-related chemicals similar to those detected in the Yard during 

the Field Investigation (ERM, 1995), would be addressed under the 

jurisdiction of the former NYSDEC Division of Spills Management, now 

the Division of Environmental Remediation, together with other Harmon 

Yard soil, as outlined in the Harmon Yard Remediation Plan (ERM, 1996). 

As discussed in Section 4.2, OU-II ground water does not pose any current 

or future unacceptable risks to potential receptors. As a result, ground 
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water is not a media of interest for the Site. OU-II ground water has been 

defined in the Stipulation of Discontinuance (NYSDEC, 1994a) as that part 

of the saturated zone which has been impacted by discharges from the 

former Harmon Yard wastewater equalization lagoon. Although it is very 

unlikely that the concentration of chemicals of concern in OU-II ground 

water would increase significantly in the future, ground water discharges 

from the former lagoon area would be monitored to ensure the continued 

protection of human health and the environment. As a result, ground 

water monitoring has been included as a common action in each of the 

remedial alternatives evaluated in Section 7.0. 

As discussed in Section 5.3.2.4, the similarities between Croton Marsh and 

the OU-II Croton Bay sediment area and the extenuating factors that 

pertain solely to the OU-II Croton Bay sediment area led to the same 

conclusion for the OU-II Croton Bay sediment area that the Croton Point 

Landfill ROD does for Croton Marsh. That is, Section 5.3.2.4 concluded 

that active remediation of OU-II Croton Bay sediment is impracticable, 

since the cost is excessive for the expected benefits that would be realized 

by the biotic community. The only viable remedial alternative for OU-II 

Croton Bay sediment, then, is natural attenuation, defined for this area as 

the continued deposition of additional sediment in this area from the 

Hudson River and from adjacent surface water bodies. This remedial 

approach, referred to as natural sediment deposition, has been included as 

a common action in each of the remedial action alternatives evaluated in 

Section 7.0. 

Since soil has been eliminated as an OU-II media of interest and OU-II 

Harmon Yard ground water and OU-II Croton Bay sediment would be 

addressed by certain common actions that are included with each of the 

remedial action alternatives evaluated in Section 7.0, the primary 

technologies identified and evaluated in this section relate to OU-II NAPL, 
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the primary OU-II media of interest to be addressed in this Feasibility 

Study. 

Potential NAPL remedial technologies and associated process options were 

identified through a review of NYSDEC information, USEPA guidelines, 

relevant literature and experience in developing feasibility studies and 

remedial action plans for similar types of environmental problems. The 

objective of screening the remedial technologies and process options is to 

narrow the field of available technologies and associated process options, 

eliminating those which can not technically be implemented and to 

combine the technologies that are retained in this section for further 

evaluation into a variety of remedial action alternatives which would 

undergo a detailed evaluation in Section 7.0 

In accordance with the NYSDEC guidance (NYSDEC, 1990), the 

technologies would be screened in accordance with: (1) their ability to 

meet medium-specific remedial action objectives, Implementability, and 

short-term and long-term effectiveness; (2) NYSDEC's hierarchy of 

remedial technologies; and (3) NYSDEC's preference for technologies 

which have: 

been successfully demonstrated on a full scale or a pilot scale under 
the federal Superfund Innovative Technology Evaluation (SITE) 
Program; 

been successfully demonstrated on a full scale or a pilot scale at a 
federal Superfund site, federal facility or a state Superfund site, or at a 
site remediated by a potentially responsible party (PRP) overseen by a 
state environmental agency or the USEPA; 

. a RCRA Part B permit; 

a RCRA Research and Development permit; or 

a documented history of successful treatment, such as granular 
activated carbon. 
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The criteria for short-term and long-term effectiveness consider whether 

the technology and process option can handle the volume of the affected 

media. Also considered are: (1) potential impacts to human health and the 

environment which result from the use of the process options; and (2) 

whether the process options have proven reliable for the media and 

constituents requiring remediation at the Site. 

The criteria for implementability focuses on institutional aspects 

associated with use of the remedial technology and associated process 

options. Institutional aspects involve potential permits or access 

approvals for off-site work as well as off-site treatment, storage and 

disposal services. 

There are two remedial technologies or approaches that are used in 

Section 7.0 to develop remedial action alternatives that are not evaluated 

in this section: ground water monitoring wells and natural sediment 

deposition in Croton Bay. Ground water monitoring wells are a proven 

method to characterize ground water and determine the concentration of 

chemicals in ground water. Ground water monitoring wells have been 

included as a common action in all the remedial action alternatives 

evaluated in Section 7.0 in order to ensure that ground water migrating 

off-site does not pose unacceptable risks to human health or the 

environment in the future. The assessment of the potential risks associated 

with current ground water quality that was presented in Section 4.4 

concluded that ground water does not at the present time pose any 

unacceptable risks to human health or the environment under current or 

future land use scenarios. 

Natural sediment deposition in Croton Bay has also been included as a 

common action in all of the remedial action alternatives evaluated in 

Section 7.0 to address the potential risks associated with OU-II Croton Bay 

sediment identified in Section 4.3. As discussed in Section 5.3.2, there are 
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no other viable remedial approaches.that are available to address the 

constituents found in OU-II Croton Bay sediment. In addition, Sections 4.3 

and 5.3.2 discuss the fact that the OU-II sediment data suggests that the 

presence of these chemicals in OU-II sediment are related more to other 

sources, such as the Croton Point Landfill and the Croton River, than to 

the former wastewater treatment outfall from Harmon Yard. In addition, 

the former wastewater equalization lagoon has been remediated and the 

source of PCBs and other lagoon-related constituents have been removed. 

Natural sediment deposition was selected as the remedial approach for 

Croton Marsh in the NYSDEC Croton Point Landfill ROD (NYSDEC, 

1993c). Croton Marsh is located adjacent to the OU-II Croton Bay 

sediment area. 

6.1 IDENTIFICATION OF NAPL REMEDIAL ACTION TECHNOLOGIES 

Ten remedial action technologies are evaluated in Sections 6.2 through 

6.12 for NAPL located around the former lagoon. They are: 

1. Access Restrictions 
2. Use Restrictions 
3. NAPL-Only Recovery 
4. Vacuum Enhanced NAPL Recovery 
5. Total Fluids Recovery 
6. NAPL Recovery with Ground Water Depression 
7. NAPL Recovery Wells 
8. NAPL Recovery Trenches 
9. Biosparging 
10. Excavation and Off-site Disposal 
11. Off-site NAPL Disposal 

As previously discussed, these technologies would be evaluated for their 

ability to meet remedial action objectives, short-term and long-term 

effectiveness and implementability. 
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6.2 ACCESS RESTRICTIONS 

This technology would involve restricting access to NAPL around the 

former lagoon. Currently, all four NAPL Areas are overlain with 6 to 19 

feet of soil. As discussed in Section 5.0 and shown on Figures 5-1 through 

5-4, all but a negligible portion of the OU-II NAPL is located on-site, i.e., 

within the Harmon Yard property boundary. As shown on Figures 5-2 

and 5-3, NAPL Areas L2 and L3 are located entirely within the boundaries 

of Harmon Yard. The extent of these two NAPL Areas has been defined 

by monitoring wells where no NAPL has ever been observed. 

As shown on Figure 5-1, NAPL has not been observed in the three NAPL 

Area LI monitoring wells (i.e., OS-N, MW-B and MW-C) located slightly 

past (i.e., within 50 feet from) the Harmon Yard property boundary. These 

monitoring wells define the maximum extent of NAPL that may be 

present beyond the Harmon Yard property boundary in this NAPL Area. 

As shown on Figure 5-1, these three monitoring wells demonstrate that 

NAPL in NAPL Area LI has not migrated off-site. 

With respect to NAPL Area L4, NAPL has been observed in five 

monitoring wells located slightly past (i.e., within 10 feet of) the Harmon 

Yard property boundary but has not been observed in the six off-site 

monitoring wells located further south of and further away from Harmon 

Yard. These six monitoring wells are located only 20 feet from the five 

NAPL Area L4 off-site monitoring wells where NAPL has been observed. 

It is believed that methods such as soil compacting used to construct the 

perimeter road located slightly beyond the Harmon Yard property 

boundary in NAPL Areas LI and L4 have prevented the migration of 

NAPL in these two areas past this perimeter road. To summarize, NAPL 

has been observed in off-site monitoring wells in only one NAPL Area 

(i.e., NAPL Area L4) and the extent of the off-site area where NAPL is 
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present is limited to a 100 foot by 20 foot off-site area in NAPL Area L4. 

OU-II NAPL has not been observed in any other off-site monitoring wells, 

including the off-site monitoring wells adjacent to NAPL Area LI. Access 

to the limited extent of subsurface NAPL in OU-II NAPL Area L4, which 

is located immediately adjacent to Harmon Yard, would require the 

approval and cooperation of Metro-North. 

Since the NAPL in this off-site portion of OU-II NAPL Area L4 is located 

from 10 to 20 feet below ground surface, excavation and other subsurface 

activities that would encounter NAPL would physically undermine the 

adjacent Harmon Yard property. As a result, the owner of the property 

adjacent to OU-II NAPL Area L4 would need Metro-North's permission 

and active cooperation to perform subsurface work in this area. As shown 

on Figure 5-4, the limited off-site area adjacent to NAPL Area L4 where 

NAPL has been observed is under the control of Westchester County. 

Access to this area is controlled by the County of Westchester 

Commissioner of Parks, Recreation and Conservation. Since Metro-

North's permission and active cooperation would be required by 

Westchester County to excavate this limited off-site portion of OU-II 

NAPL Area L4, which is located adjacent to Harmon Yard, Metro-North 

effectively controls access for excavation to all of OU-II NAPL Area L4. 

Access restrictions for OU-II NAPL areas would be accomplished by 

maintaining the soil that overlays this NAPL, by maintaining the general 

Harmon Yard access restrictions and the land use restrictions required by 

the OU-I ROD and by maintaining the existing fence around the former 

lagoon area. 

6.2.2. Ability to Meet Remedial Action Objectives 

As discussed in Section 5.2.1.5, the OU-II NAPL remedial action objectives 

for the Site are: (1) to prevent further off-site migration of OU-II NAPL; (2) 
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to remove OU-II NAPL to the extent practical; and (3) to continue to 

prevent direct contact with subsurface OU-II NAPL in the vicinity of the 

former lagoon. Access restrictions would continue to prevent direct 

contact with subsurface OU-II NAPL located in these areas. This 

technology would be used in conjunction with NAPL removal 

technologies to fulfill the NAPL remedial action objectives. 

Short-Term and Long-Term Effectiveness 

Overlying soil and properly maintained fencing would be effective in 

preventing long-term and short-term direct contact with NAPL around 

the former lagoon. In addition, the institutional controls maintained by 

Metro-North, including the land use restrictions related to OU-II and the 

site security maintained by Metro-North for all of Harmon Yard, 

effectively prevents direct contact with subsurface OU-II NAPL. Access 

restrictions have been proven effective at numerous sites. The effectiveness 

of access restrictions is independent of the volume of NAPL present. Access 

restrictions would not pose any adverse impacts to human health or the 

environment. 

Implementability 

Maintaining the existing on-site overlying soil in NAPL Areas, 

maintaining the fencing around the former lagoon and maintaining the 

Metro-North institutional controls for OU-I and for Harmon Yard are 

readily implementable and, in fact, are already in place. As discussed 

later in Section 6.3.2 with respect to land use, standard procedures used by 

Metro-North that govern subsurface work throughout Harmon Yard and 

additional land use restrictions related to Metro-North's OU-I obligations 

limit access to the on-site NAPL located in the vicinity of the former 

lagoon area. As discussed in Section 6.2, the physical proximity of the 

limited off-site NAPL areas to Harmon Yard requires off-site property 
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owners to obtain Metro-North's permission and cooperation before these 

off-site areas could be excavated. As a result, Metro-North controls access 

to the on-site NAPL Areas (i.e., NAPL Areas L2 and L3) and to the limited 

extent of off-site areas where NAPL has been observed (i.e., NAPL Area 

L4) or may be present (i.e., NAPL Area LI). 

6.2.4 Evaluation Summary 

Access restrictions used in conjunction with NAPL removal technologies 

would fulfill the NAPL remedial action objectives. This technology (i.e., 

access restrictions) would also be effective in preventing direct contact 

with subsurface OU-II NAPL and would be readily implementable for on-

site NAPL. As discussed in Section 6.2, the physical proximity of the 

limited off-site NAPL areas to Harmon Yard requires off-site property 

owners to obtain Metro-North's permission and cooperation before these 

off-site areas can be excavated. As a result, Metro-North is considered to 

have control over access to the on-site NAPL Areas (i.e., NAPL Areas L2 

and L3) and to the limited extent of off-site areas where NAPL has been 

observed (i.e., NAPL Area L4) or may be present (i.e., NAPL Area LI). As 

a result, this technology has been retained for use in developing the 

remedial action alternatives evaluated in Section 7.0. 

6.3 USE RESTRICTIONS 

This technology would involve restricting certain activities at the Site in 

order to minimize the potential for direct contact with subsurface OU-II 

NAPL. Use restrictions for this Site would include: restricting subsurface 

work (e.g., construction, utility) and prohibiting the installation of water 

supply wells in or affected by the NAPL Areas. 
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Ability to Meet Remedial Action Objectives 

As discussed in Section 5.2.1.5, the OU-II NAPL remedial action objectives 

for the Site are: (1) to prevent further off-site migration of OU-II NAPL; (2) 

to remove OU-II NAPL to the extent practical; and (3) to continue to 

prevent direct contact with subsurface OU-II NAPL in the vicinity of the 

former lagoon. Use restrictions would continue to prevent direct contact 

with subsurface OU-II NAPL in these areas. This technology would be 

used in conjunction with NAPL removal technologies to address the OU-

II NAPL remedial action objectives. 

Short-Term and Long-Term Effectiveness 

This technology has been proven effective at numerous sites. Metro-North's 

Best Management Practice (BMP) Plans, which are currently being 

developed for Metro-North as part of the Environmental Studies Project, 

would be used to manage subsurface activities at the Site and prohibit the 

installation of water supply wells in NAPL Areas. The Environmental 

Studies Project ("Environmental Studies at Major Metro-North Railroad 

Yards") is being conducted in accordance with the Memorandum of 

Understanding between the NYSDEC and Metro-North (NYSDEC, 1994b). 

Construction management subsurface soil BMPs currently being 

developed for Metro-North as part of this project would also provide 

procedures for activities related to ground water pumping, such as 

dewatering during construction projects and the installation and 

operation of wells within Harmon Yard for non-potable water supply 

purposes. As discussed later in Section 6.3.3, potable water supply for 

Harmon Yard and the surrounding area is provided by the Village of 

Croton-on-Hudson water supply system and the only on-site well within 

Harmon Yard is used solely to supply non-potable water for the Harmon 

Yard fire protection system. There is little, if any, hydraulic 

communication between the aquifer in which the fire protection water 
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supply well is screened and the shallow aquifer above which NAPL has 

been observed. 

The existing Harmon Yard construction practices and the BMPs being 

developed for subsurface work would also address ground water 

pumping in the shallow aquifer that could potentially mobilize the NAPL 

in the four OU-II NAPL Areas in the vicinity of the former lagoon area. 

Typical approaches that would minimize the impacts of ground water 

pumping on NAPL include temporary sheeting to provide a barrier to 

NAPL migration or methods to collect the NAPL and treat the ground 

water that would be removed during a dewatering operation. 

The development and implementation of these BMPs would formalize a 

process regarding subsurface soil excavation and dewatering that is in 

general use at Harmon Yard. For example, two recent construction 

projects at Harmon Yard have required the removal of ground water and 

surface water from excavated areas where NAPL was present: (1) the OU-

I lagoon remediation project; and (2) the construction of the new Harmon 

Yard locomotive fueling pad project. These projects have used temporary 

on-site treatment units to remove NAPL and dissolved constituents from 

water removed during construction. NYSDEC discharge permits or 

permit equivalents were obtained for each project and the treatment 

methods were effective in complying with these requirements. The BMPs 

would formalize this process and extend it to all subsurface work 

undertaken at Harmon Yard. Implementation of these BMPs would 

provide a method to monitor the short-term and the long-term 

effectiveness of the use restrictions that are currently practiced at Harmon 

Yard. 

The effectiveness of use restrictions is independent of the volume of NAPL 

present. Use restrictions would not pose any adverse impacts to human 

health or the environment. 
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Implemen tability 

Use restrictions are readily implementable and have been demonstrated at 

numerous other sites. As discussed in Section 4.4.1, a review of available 

information was performed to identify residential and commercial water 

supply wells in the vicinity of Harmon Yard (ERM, 1996). This well search 

did not identify any public or private water supply wells located 

downgradient of Harmon Yard, i.e., between Harmon Yard and the 

Hudson River or between Harmon Yard and Croton Bay. The nearest 

public water supply well is located more than two miles to the northeast 

and upgradient of Harmon Yard and the OU-II Site. Potable water is 

supplied to this region, including the Westchester County park located at 

Croton Point, by the Village of Croton-on-Hudson water supply system. 

The well field supplying the village water supply system is located within 

Westchester County upgradient of Harmon Yard (WCDPW, 1992a). 

A fire protection water supply well, which supplies non-potable water for 

fire protection at Harmon Yard, is located within the boundaries of 

Harmon Yard. The fire protection water supply well is located to the 

northeast of the former lagoon. Ground water from the lagoon area flows 

northwest and discharges to the Hudson River. As a result, it is very 

unlikely that ground water from the lagoon area could reach the vicinity 

of the fire protection well. As described in the Harmon Yard Remediation 

Plan (ERM, 1996), the fire protection well is screened in a semi-confined 

aquifer and there is little, if any, hydraulic communication between the 

aquifer in which the fire protection water supply well is screened and the 

shallow aquifer evaluated during the Field Investigation (ERM, 1995) and 

during the OU-II remedial investigation 

Because OU-II ground water does not flow in the direction of the off-site 

municipal water supply well or the Harmon Yard fire protection water 

supply well and since the aquifer in which the on-site Harmon Yard fire 
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protection (i.e., non-potable) water supply well is screened and the OU-II 

shallow aquifer are not hydraulically connected, potable water supply 

well, restrictions related to the shallow aquifer in the OU-II NAPL Areas 

would only be required for Harmon Yard, including the OU-II Site. The 

shallow aquifer in the adjacent, downgradient Former New York Central 

Railroad Company property is located adjacent to and is influenced by the 

Hudson River. The low yield of this aquifer and the salinity of the Hudson 

River at Croton-on-Hudson would prevent the use of this aquifer as a 

potable water supply source. In addition, the shallow aquifer in the 

Westchester County off-site NAPL area is adjacent to and influenced by 

the Croton Point Landfill, which is a NYSDEC Inactive Hazardous Waste 

Disposal Site. The ROD (NYSDEC, 1993c) for the Croton Point Landfill site 

requires that deed restrictions be implemented for this site that restrict the 

future use of ground water in this area. There are no known public or 

private water supply wells downgradient of the Site and public water is 

supplied to the residents in this area. On-site potable water supply well 

restrictions would be easily implementable and the limited downgradient 

property access, as well as Hudson River salinity influences and existing 

off-site access restrictions, would prevent the installation of water supply 

wells in the off-site portion of the NAPL Areas. 

Utility worker access to NAPL Areas would be restricted through the 

procedures currently used by Metro-North at Harmon Yard and by the 

implementation of the BMPs discussed earlier in Section 6.3.2 that control 

work in subsurface soil. These procedures and the planned BMPs require 

that any subsurface work at the Site be conducted in accordance with 

health and safety procedures related to worker protection and to specific 

requirements governing excavation and dewatering operations during 

construction projects. Workers would be required to use personnel 

protective equipment, where necessary, and to conduct air monitoring to 

ensure that the personnel protective equipment is adequate. The 

excavation and disposal of soil and the removal of ground water or 
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surface water from excavated areas is controlled by existing NYSDEC 

solid and hazardous waste management and direct surface water 

discharge regulations, by existing Metro-North procedures and by the 

BMPs currently being developed to address this type of work. 

Evaluation Summary 

Use restrictions, along with NAPL removal techniques, would address 

NAPL remedial action objectives. This technology would also be effective 

in preventing long-term and short-term direct contact with NAPL around 

the former lagoon and would be readily implementable. As a result, this 

technology has been retained for use in developing the remedial action 

alternatives evaluated in Section 7.0. 

NAPL-ONLY RECOVERY 

There are four main categories of technologies that are available for the 

removal of NAPL that is less dense than water: (1) NAPL-only recovery; 

(2) total fluids recovery (i.e., removal of NAPL and ground water 

together); (3) vacuum enhanced NAPL recovery (i.e., removal of NAPL 

and air together); and (4) NAPL recovery with ground water depression 

(i.e., removal of NAPL and ground water as separate phases). This section 

evaluates the available NAPL-only recovery technologies. Section 6.5 

evaluates total fluids recovery technologies, Section 6.6 evaluates vacuum 

enhanced NAPL recovery and Section 6.7 evaluates NAPL recovery with 

ground water depression technologies. 

NAPL-only recovery technologies use either canister collection systems or 

NAPL-only pumps equipped with NAPL/water interface sensors. 

Canisters, which float or are situated on the NAPL/water interface within 

a NAPL recovery well, either collect NAPL-only through a hydrophobic 

filter or NAPL and water through an inlet port. For the latter canister 
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type, NAPL and water are separated in the canister. The recovered NAPL, 

which is stored in the sump within the unit, is transferred from the 

canister to an above ground storage vessel by pumping or water 

displacement (automated NAPL-only recovery) or hand bailing (manual 

NAPL-only recovery). The collected NAPL is temporarily stored above 

ground and is subsequently disposed of at an appropriate off-site facility. 

In contrast, NAPL-only recovery pumps equipped with interface sensors 

pump NAPL directly from the recovery well into an above ground storage 

vessel. This system uses NAPL interface sensors to situate the pump on 

the NAPL interface. The pump then removes NAPL until the interface 

sensor indicates that water has been reached. At this point, all the 

recoverable NAPL has been evacuated from the well. The pump would 

then resume pumping when a sufficient amount of NAPL has 

accumulated in the well. Disposal of recovered NAPL is discussed in 

Section 6.12. NAPL-only recovery systems can be installed in recovery 

wells or in recovery wells located within recovery trenches. NAPL 

recovery wells are discussed in Section 6.8 and NAPL recovery trenches 

are discussed in Section 6.9. 

NAPL-only recovery, which relies on the natural flow of NAPL into the 

recovery well, does not disturb the continuity of the floating NAPL layer. 

In addition, because ground water depression and extraction is not 

required, this technology does not spread floating NAPL vertically 

through the soil column and does not require the treatment and 

subsequent discharge of ground water. 

Ability to Meet Remedial Action Objectives 

As discussed in Section 5.2.1.5, the NAPL remedial action objectives for 

the Site are: (1) to prevent further off-site migration of OU-II NAPL; (2) to 

remove OU-II NAPL to the extent practical; and (3) to continue to prevent 
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direct contact with subsurface OU-II NAPL in the vicinity of the former 

lagoon. This technology would remove OU-II NAPL to the extent 

practical, and would prevent further off-site migration of NAPL. 

6.4.2 Short-Term and Long-Term Effectiveness 

The ability of this technology to recover NAPL at the Site has been 

demonstrated. Over 470 gallons of NAPL was recovered in the early 1990s 

from WB-2, WB-4, WB-5 and WB-9 using temporary N APL-only recovery 

systems. The NAPL-only recovery systems were comprised of above 

ground pumps, suction lines, NAPL/water interface probes and storage 

tanks. The recovery wells, which are still present, are located in NAPL 

Areas LI (WB-9), L2 (WB-4), L3 (WB-2) and L4 (MW-1S and WB-5). It 

should be noted that these NAPL-only systems were installed as a short-

term Interim Remedial Measure (IRM) with the expectation that the 

systems would be dismantled when remediation of the former wastewater 

treatment plant lagoon commenced (i.e., the OU-I remedy). As such, the 

performance of these IRM systems are not indicative of the NAPL 

removal that can be achieved through the implementation of a full-scale 

NAPL-only recovery system in the four OU-II NAPL Areas. 

Using baildown testing results contained in Appendix C of this document, 

average NAPL recovery rates for NAPL-only recovery technologies were 

conservatively estimated. These calculations, which are provided in 

Appendix M of this document, indicated that NAPL recovery rates for the 

four NAPL Areas using NAPL-only recovery systems would vary from a 

low of 0.90 gpd per well in the small OU-II NAPL Area, L2, to 4.18 gpd 

per well in the large OU-II NAPL Area, LI. A weighted average NAPL 

removal rate of 2.42 gpd per well was calculated based on the quantity of 

NAPL in each of the four OU-II NAPL Areas. However, to be 

conservative, an adjusted average OU-II NAPL recovery rate of 2.0 gpd 

per well was used in this analysis for NAPL-only recovery. 
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NAPL recovery rates using conventional technologies (i.e;, NAPL-only 

recovery, total fluids recovery and ground water depression NAPL 

recovery) typically result in recovery of 5% to, at best, 30% of the released 

materials (Haas, et al., 1997). NAPL-only removal is less aggressive than 

total fluids recovery or ground water depression and generally removes 

less NAPL than these other NAPL recovery technologies, at least during 

the first few years of operation. As a result, this analysis assumed that 

NAPL-only removal would be capable of recovering up to 20% of the total 

amount of NAPL that is present at the OU-II Site. 

NAPL-only recovery could be used to remove liquid phase NAPL from all 

four OU-II NAPL Areas since all four areas contain "recoverable" 

amounts of NAPL (i.e., a NAPL thickness of 0.25 feet or greater). NAPL-

only recovery would not adversely impact human health or the 

environment. Any worker health and safety concerns associated with the 

installation and operation of this type of NAPL recovery system could be 

managed with a properly implemented HASP. 

NAPL-only recovery, which has demonstrated to be effective for OU-II 

NAPL, would recover up to 20% of the OU-II NAPL that is present in the 

formation. Thus, NAPL-only recovery would be an effective short-term 

and long-term NAPL recovery technology for the Site. 

Implementability 

NAPL-only recovery was previously conducted at the Site; this 

technology is therefore implementable. However, it should be noted that 

extensive corrosion problems have been encountered in the Yard with 

subsurface NAPL recovery systems, specifically ground water depression 

pumps and to a lesser extent, NAPL recovery units. Although the former 

lagoon is not located in close proximity to active railroad lines and 

considerable stray currents are not expected in this area, it would be 
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prudent to use plastic components for subsurface NAPL recovery systems 

to the extent possible. NAPL-only recovery systems are available in 

plastic. 

Installation of NAPL-only recovery systems in recovery wells and /o r 

recovery trenches is readily implementable. Implementability concerns, if 

any, associated with NAPL recovery wells and NAPL recovery trenches 

are discussed in Sections 6.8.3 and 6.9.3, respectively. 

The operation and maintenance requirements for NAPL-only recovery 

systems are moderate and are fairly equal among the types of NAPL-only 

recovery systems. Fixed NAPL collection systems require manual 

adjustment with fluctuations in the depth to NAPL. Floating NAPL-only 

recovery systems, which move with the NAPL layer, do not require 

adjustment, but do require a higher degree of maintenance to remedy 

screen clogging. NAPL-only recovery pumps with sensors require a 

degree of maintenance similar to floating NAPL canisters to maintain 

pump and sensor functions. 

6.4.4 Evaluation Summary 

NAPL-only removal technologies were evaluated above to determine 

whether these technologies could be used in developing a remedial 

approach for OU-II NAPL. The average NAPL-only recovery rate would 

be approximately 2 gpd per well and NAPL-only recovery would remove 

5% to 20% of the OU-II NAPL that is present in the formation. The 

conclusion is that NAPL-only recovery systems can be implemented at the 

Site and the removal of subsurface NAPL using NAPL-only recovery 

systems would effectively address NAPL remedial action objectives. 

Based on the above evaluation, this technology has been retained for use 

in developing the remedial action alternatives evaluated in Section 7.0. 
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TOTAL FLUIDS RECOVERY 

Total fluids recovery entails simultaneous removal of ground water and 

NAPL from a recovery well using a one pump system. Following removal, 

the extracted NAPL and ground water are transferred to an oil/ water 

separator where the two fluids are separated. The NAPL is then 

transferred to a storage vessel and the separated ground water is 

transferred to a treatment unit, if necessary, and ultimately discharged to 

either ground water or surface water. The NAPL remains in the storage 

vessel until it is tested and subsequently transported off-site for disposal. 

Disposal of recovered NAPL is discussed in Section 6.12. Total fluids 

recovery systems can be installed in recovery wells (Section 6.8) or in 

recovery wells located within recovery trenches (Section 6.9). 

Ability to Meet Remedial Action Objectives 

As discussed in Section 5.2.1.5, the NAPL remedial action objectives for 

the Site are: (1) to prevent further off-site migration of OU-II NAPL; (2) to 

remove OU-II NAPL to the extent practical; and (3) to continue to prevent 

direct contact with subsurface OU-II NAPL in the vicinity of the former 

lagoon. This technology would remove subsurface OU-II NAPL to the 

extent practical and would prevent further off-site migration of NAPL. 

Short-Term and Long-Term Effectiveness 

Total fluids recovery would be an effective short-term and long-term 

NAPL recovery technology for the Site. Total fluids recovery is generally 

used for sites containing viscous or difficult to remove NAPL or at sites 

where ground water removal and treatment is needed. 

The rate at which total fluids recovery can remove NAPL from a recovery 

well or a trench would probably be greater than the rate at which the 
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NAPL in these areas can be replaced by the surrounding soil. As a result, 

there would eventually be little or no NAPL in the recovery well or trench 

and in the surrounding area, leaving isolated NAPL layers in sections of 

the NAPL Areas located further from the recovery well or trench. These 

discrete NAPL layers are often more difficult to remove than a single 

continuous NAPL layer removed at a slower rate. In addition, total fluids 

recovery would lower the water table to some extent and this action 

would form a zone of residual NAPL saturation that cannot be removed 

by total fluids recovery. Based on these constraints, the amount of NAPL 

recovered from the formation using total fluids recovery would not be 

greater than the amount recovered from the formation using NAPL-only 

recovery (i.e., 5% to 20%). 

Total fluids recovery could be used to remove liquid phase NAPL from all 

four NAPL Areas since all four areas contain "recoverable" amounts of 

NAPL (i.e., a NAPL thickness of 0.25 feet or greater). Any worker health 

and safety concerns associated with the installation and operation of this 

type of NAPL recovery system could be managed with a properly 

implemented HASP. However, as summarized below in Section 6.5.3, the 

need for this technology to extract, treat and discharge ground water can 

cause the constituents, including PCBs, to be released into the 

environment. Primarily, PCBs and other NAPL constituents would be 

mixed with ground water during total fluids pumping and even after 

treatment can be released to environmental media such as the surface 

water and sediment in Croton Bay and the Hudson River. 

Implementability 

Total fluids recovery can be accomplished using a one pump system. Since 

this technology extracts ground water along with NAPL, use of this 

technology would necessitate, at a minimum, separation of the extracted 

NAPL and ground water. 
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The implementability of this technology is highly dependent upon the 

amount of water extracted during NAPL recovery since: 

the hydraulic and treatment capacity of the existing oil/water 
separators and wastewater treatment facility at Harmon Yard is 
limited; 

the closest publicly owned treatment works, the Ossining wastewater 
treatment plant, does not accept ground water because it dilutes 
incoming wastewater, which interferes with the biological treatment 
processes at the plant; 

the Harmon Yard wastewater treatment facility may not be able to 
reduce the concentrations of the metals in the ground water removed 
by a total fluids NAPL removal system to acceptable levels; 

the biotoxicity limits at the existing waste water treatment plant outfall 
are very stringent; and 

approaches to the treatment and discharge of ground water from long-
term on-site remedial programs other than use of the existing Harmon 
Yard wastewater treatment facility and the Croton Bay outfall have 
been preferred by the NYSDEC at Harmon Yard. 

Although PCBs were not detected in the OU-II ground water samples 

collected from monitoring wells located in the vicinity of the former 

lagoon area, it is likely that the ground water extracted and mixed with 

OU-II NAPL during total fluids recovery would contain emulsified NAPL. 

Since NAPL in OU-II monitoring wells located in the vicinity of the 

former lagoon area contained detectable concentrations of PCBs as high as 

119 mg/1 (refer to Section 5.2.1.2), it is likely that detectable concentrations 

of PCBs would be present in the ground water extracted using total fluids 

recovery. USEPA TSCA guidelines (USEPA, 1986a) define a PCB 

concentration of 3 ug/1 or less as an acceptable level for the treatment of 

aqueous waste streams containing PCBs. The guidelines provide that 

treated aqueous waste streams containing PCBs in concentrations less 

than 3 ug/1 are not regulated by TSCA. In practice, the USEPA has used 

the 3 ug/1 PCB concentration to determine the applicability of TSCA to 
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aqueous waste streams containing PCBs (USEPA, 1990a). That is, the 

USEPA does not consider TSCA to be applicable to aqueous waste streams 

containing PCBs in concentrations less than 3 (j.g/1 even before treatment. 

For example, the USEPA permitted surface water removed from the 

lagoon during the OU-I remedial work to be discharged to the Harmon 

Yard wastewater treatment facility under the existing NYSDEC SPDES 

permit if the surface water discharged to the Harmon Yard wastewater 

treatment facility contained less that 3 ug/1 of PCBs. In the event that the 

PCB concentration in ground water extracted during recovery exceeds the 

3 ug/1 limit, the extracted ground water would have to be treated 

separately prior to discharge to the Harmon Yard wastewater treatment 

facility. TSCA requires that the residuals from this separate treatment be 

handled as a TSCA waste. In addition, the Harmon Yard wastewater 

treatment facility must meet its NYSDEC SPDES limit for treated 

wastewater of 0.3 ug/1 of PCBs priorto discharge to Croton Bay. 

Finally, Metro-North is under a Consent Decree to connect to the county-

owned sewage treatment plant at Ossining and has been advised by the 

Westchester County Department of Environmental Facilities that it will 

not accept any wastewater generated from the lagoon site. To summarize, 

there are significant technical and regulatory problems associated with the 

use of total fluid recovery to remove OU-II NAPL at Harmon Yard. These 

problems are due to the large amount of ground water that would need to 

be recovered with a total ground water and NAPL fluids recovery system 

and other factors, and can be summarized as follows: 

The extracted ground water would probably contain PCBs in 
concentrations greater than 3 (o.g/1. As a result, TSCA regulations 
would require: (1) separate aqueous treatment prior to discharge to the 
Harmon Yard wastewater treatment facility; and (2) the handling of 
the residuals from this separate treatment system as a TSCA waste. 

The discharge of recovered ground water to the Harmon Yard 
treatment facility, after pre-treatment to remove PCBs to levels 
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acceptable to TSCA, would present an additional hydraulic burden to 
the Harmon Yard wastewater treatment facility. There is at present 
limited hydraulic capacity in the Harmon Yard wastewater treatment 
facility. 

The discharge of recovered ground water to the Harmon Yard 
wastewater treatment facility, after pre-treatment to remove PCBs to 
levels acceptable to TSCA, would in all likelihood increase the 
concentration or at least the amount of metals and other constituents in 
treated wastewater discharged to Croton Bay from the Harmon Yard 
wastewater treatment facility. Treated wastewater from the Harmon 
Yard wastewater treatment facility generally complies with the metals 
concentration and toxicity limits contained in the facility's NYSDEC 
SPDES permit, but the plant has experienced periodic exceedances of 
its metals limits in the past and it is questionable whether the facility 
would be able to meet these limits if the constituent loadings to the 
facility increase. 

There is a regulatory preference to use methods other than the existing 
Harmon Yard wastewater treatment facility and Croton Bay discharge 
for wastewater generated from long-term on-site remedial projects. 

The initial higher NAPL removal rate for total fluids recovery would 
probably result in discontinuous NAPL layers within a NAPL area, 
which can be more difficult to remove than a single continuous NAPL 
layer removed at a slower rate. 

Total fluids recovery would lower the water table and this action 
would form a zone of residual NAPL saturation that cannot be 
removed by total fluids recovery. 

Again, Metro-North is required by Consent Order to connect its treatment 

plant to the Ossining Sewage Treatment Plant and to cease use of the 

present Harmon Yard outfall. Westchester County has made it clear that it 

will not accept any flow from the lagoon site into the Ossining Sewage 

Treatment Plant. 

In conclusion, there are a number of significant technical and regulatory 

disadvantages associated with the implementation of total fluids recovery. 
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6.5A Evaluation Summary 

Removal of subsurface NAPL by total fluids recovery would address OU-

II NAPL remedial action objectives and would be effective. However, 

there are regulatory and technical difficulties associated with 

implementation of this technology and the amount of NAPL this 

technology would ultimately recover would not be substantially different 

from the amount of NAPL that would be removed by NAPL-only removal 

or NAPL removal with ground water depression technologies. 

Total fluids recovery removes ground water, thereby creating a ground 

water gradient that encourages NAPL to move toward a recovery well. 

This might remove more NAPL than NAPL-only removal would, at least 

during the first few years of operation. The effects on NAPL removal of 

the ground water gradient caused by total fluids recovery would be no 

greater than the ability of a dual phase NAPL removal system (i.e., NAPL 

removal with ground water depression) to remove OU-II NAPL. 

However, total fluids recovery extracts more ground water than NAPL 

recovery with ground water depression does and total fluids recovery 

mixes NAPL and ground water. Mixing NAPL and ground water will 

increase the concentration of inorganic constitutes and organic 

compounds in the extracted ground water, hindering treatment and 

increasing the risk that the subsequent discharge of treated ground water 

will adversely impact the adjacent receiving surface water bodies, Croton 

Bay and the Hudson River. Since total fluids offers no advantages over 

NAPL removal with ground water depression and might lead to greater 

environmental impacts, this technology was eliminated from further 

consideration as a NAPL removal approach at the OU-II Site. Therefore, 

this technology was not used to develop the remedial action alternatives 

evaluated in Section 7.0. 
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6.6 VACUUM ENHANCED NAPL RECOVERY 

Vacuum enhanced NAPL recovery is an innovative NAPL remediation 

technology that combines physical NAPL recovery, in-situ biodegradation 

of primarily petroleum-related organic compounds and vapor extraction 

of volatile compounds. This technology is also referred to as bioslurping. 

In vacuum enhanced NAPL recovery applications, air, which is supplied 

to the formation through air inlet wells, is drawn through the subsurface 

soil using a series of vacuum recovery wells. This induced air flow: 

transports NAPL through subsurface soil to the recovery wells where 
the organic compounds and, in particular, the petroleum-related 
organic compounds that comprise OU-II NAPL, is then removed 
through the vacuum lines in the recovery wells; 

promotes the biodegradation of the NAPL that is present adsorbed 
onto soil particles in the unsaturated zone above the NAPL layer (i.e., 
residual saturation); and 

promotes the volatilization of volatile organic compounds that may be 
constituents in the OU-II NAPL present as a liquid phase or the NAPL 
present as residual saturation. 

As discussed in further detail below, the combination of these mechanisms 

allows vacuum enhanced NAPL recovery to improve NAPL recovery 

without extracting large quantities of ground water or spreading NAPL 

over the expanded unsaturated soil zone that would be created by ground 

water depression. 

A typical vacuum enhanced NAPL recovery system consists of one or 

more vacuum enhanced NAPL recovery wells screened across the water 

table and the unsaturated soil zone immediately above the water table 

(i.e., the capillary fringe), a vacuum pump, a vacuum line that extends 

from the vacuum pump through the recovery well into the NAPL layer, 

liquid/vapor separation equipment, fluids treatment equipment and air 
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inlet wells. Within the extraction wells, the vacuum line is installed 

immediately above the NAPL surface. The vacuum applied to the well, 

using the vacuum pump, thus removes the NAPL accumulated in the well 

by entrainment with extracted vapor. Changes in the NAPL and water 

elevations are addressed by adjusting the intake position of the vacuum 

line. The air inlet wells are located within the pneumatic influence of the 

extraction wells and surround the extraction wells. Figure 6-1A provides 

a conceptual illustration of the mechanics of a vacuum enhanced NAPL 

recovery system. 

Vacuum enhanced NAPL recovery systems are operated at a vacuum that 

maximizes NAPL and air removal from the formation while minimizing 

the amount of ground water that is extracted. Because ground water 

extraction is not the goal of vacuum enhanced NAPL recovery, as is the 

case with total fluids recovery and ground water depression systems, a 

large quantity of ground water is not removed from the formation. As a 

result, the amount of ground water that would require treatment if 

vacuum enhanced NAPL recovery were implemented would be 

significantly less than if NAPL recovery with ground water depression 

were to be implemented. This would reduce ground water treatment costs 

and, more important, reduce the potentially adverse environmental 

impacts associated with the discharge of treated ground water to the 

adjacent surface water body, i.e., the Hudson River. As discussed in 

Section 7.6, which describes the remedial action alternative that relies on 

vacuum enhanced NAPL removal, the limited amount of ground water 

that this technology removes during its operation makes it possible to 

consider ground water discharge options that pose fewer environmental 

risks, such as recharging treated ground water to the shallow aquifer at 

Harmon Yard. 

The fact that vacuum enhanced NAPL removal does not lower the water 

table provides an additional advantage over total fluids recovery and 
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NAPL removal with ground water depression by limiting the amount of 

NAPL that would be lost to residual saturation. Residual saturation refers 

to NAPL that is absorbed onto soil particles in the unsaturated soil zone 

located immediately above the water table. NAPL that is lost to residual 

saturation does not flow freely and cannot be removed as a liquid phase. 

NAPL in residual saturation remains absorbed onto soil particles until 

ground water levels rise and the OU-II NAPL, which is less dense than 

water, rises with the water table. Total fluids recovery and NAPL recovery 

with ground water depression lower the water table, increasing the depth 

of the unsaturated soil zone, thereby increasing the amount of NAPL that 

would be lost to residual saturation and that cannot be recovered. When 

the ground water pumping that is a key part of total fluids recovery and 

NAPL recovery with ground water depression is discontinued, the water 

table would rise to its current level and the NAPL in residual saturation 

would re-appear on the surface of the water table as a liquid phase. 

Furthermore, studies have shown that the induced air flow within the 

formation effectively transports NAPL to the well and the pressure 

gradient caused by induced air flow promotes greater NAPL recovery 

than ground water depression (Leeson, et al., 1995) (Barnes, et al., 1995). 

In addition, the induced air flow cause the NAPL to accumulate around 

the well, thus maximizing the permeability controlling NAPL flow. 

(Leeson, et al., 1995). 

In summary, the NAPL transport mechanism for vacuum enhanced NAPL 

recovery, i.e., induced air flow, serves to promote NAPL flow to recovery 

wells, induce biodegradation of constituents in the formation and 

volatilize volatile constituents in the formation. For the above reasons, 

vacuum enhanced NAPL recovery has the potential to remove more 

NAPL from the formation and for recovering NAPL at greater recovery 

rates than other NAPL recovery technologies (i.e., NAPL-only, ground 

water depression and total fluids recovery). 
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Disposal of recovered NAPL is discussed in Section 6.12. Vacuum 

enhanced NAPL recovery systems can be installed within recovery wells. 

However, vacuum enhanced NAPL recovery systems cannot be installed 

within recovery wells located with NAPL recovery trenches. As discussed 

above, vacuum enhanced NAPL recovery works by inducing air flow 

throughout the formation. This induced air flow, in turn, promotes 

movement of NAPL to the NAPL recovery wells and the biodegradation 

of the constituents present in residual saturation. Because recovery 

trenches would short-circuit air withdrawal from the formation (i.e., air 

would be preferentially drawn through the gravel within the trench rather 

than through the formation), recovery trenches would not improve NAPL 

recovery over NAPL recovery wells and would hinder recovery efforts. 

Ability to Meet Remedial Action Objectives 

As discussed in Section 5.2.1.5, the NAPL remedial action objectives for 

the Site are: (1) to prevent further off-site migration of OU-I1 NAPL; (2) to 

remove OU-II NAPL to the extent practical; and (3) to continue to prevent 

direct contact with subsurface OU-II NAPL in the vicinity of the former 

lagoon. This technology would remove subsurface OU-II NAPL to the 

extent practical and would prevent further off-site migration of NAPL. 

Short-Term and Long-Term Effectiveness 

Vacuum enhanced NAPL recovery, which is an adaptation of a commonly 

used construction dewatering technology, has been proven to be an 

effective NAPL recovery technology at Sites where the depth to ground 

water is less than or equal to 25 feet below grade (KHH&M, 1994). At 

these sites, NAPL can be withdrawn up the vacuum tube as a solid 

column (AFCEE, 1994)). Although 25 feet is the maximum lift for an 

extremely efficient vacuum pump, higher lifts can be experienced using 

this technology since the extracted fluid, which is comprised of air, water 
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and light NAPL, is lighter than water (KHH&M, 1994). At these sites, 

NAPL would be removed from the well through entrainment (AFCEE, 

1994). Since the depths from the ground surface to the ground water in the 

NAPL Areas at the Site range from 9 to 20 feet below grade, vacuum 

enhanced NAPL recovery would be a feasible NAPL recovery technology 

for the Site. 

There are three mechanisms by which NAPL is recovered from subsurface 

soil when vacuum enhanced NAPL removal is implemented: (1) NAPL is 

removed as a liquid phase; (2) NAPL is biodegraded in place; and (3) 

volatile constituents of NAPL are removed as a vapor phase. As discussed 

in Section 3.1.3, OU-II NAPL is primarily fuel oil that has been present in 

the environment for over 20 years. Fuel oil typically does not contain 

significant amounts of volatile organic compounds and any volatile 

organic compounds present in OU-II NAPL would probably have been 

released during the long exposure period (i.e., over 20 years). As a result, 

the amount of NAPL constituents removed by vacuum enhanced NAPL 

recovery through volatilization would be negligible and liquid phase 

removal and biodegradation would be the only effective NAPL removal 

mechanisms for vacuum enhanced NAPL recovery at the OU-II Site. 

The following information was used to estimate the amount of NAPL that 

would be removed from the OU-II Site if vacuum enhanced NAPL 

recovery were to be used (i.e., the NAPL removal rate for vacuum 

enhanced NAPL recovery): 

the amount of NAPL that would be removed as a liquid phase if 
NAPL-only removal techniques were used, as defined in Appendix M; 

a recent study performed by the U. S. Air Force (Kittel, et al., 1997) 
comparing the liquid phase NAPL recovery rate using vacuum 
enhanced NAPL recovery to the liquid phase NAPL recovery rates 
using NAPL-only removal; and 
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a recent study performed by the Port Authority of New York and New 
Jersey at John F. Kennedy International Airport (Kirshner et al., 1996) 
comparing the amount of NAPL removed by vacuum enhanced NAPL 
recovery from subsurface soil through biodegradation to the amount 
of NAPL removed as a liquid phase using vacuum enhanced NAPL 
recovery. 

As described in Appendix M, a conservative NAPL removal rate of 2.0 

gallons per day per well (gpd/well) was determined for the OU-II Site if 

NAPL-only removal was used. The study conducted by the U. S. Air Force 

(Kittel et al., 1997) determined that vacuum enhanced NAPL recovery can 

remove from 1.2 to 9.0 times as much NAPL as a liquid phase than NAPL-

only removal techniques can remove. As a result, vacuum enhanced 

NAPL recovery would be expected to remove from 2.4 gpd/well (i.e., 2.0 

gpd\well x 1.2) to 18.0 gpd/wel l (i.e., 2.0 gpd/well x 9.0) of NAPL as a 

liquid phase. The 2.4 gpd/well to 18.0 gpd/well NAPL removal rates 

account solely for the OU-II NAPL that would be recovered as a liquid 

phase using vacuum enhanced NAPL recovery. 

The additional OU-II NAPL that would be removed through 

biodegradation using vacuum enhanced NAPL recovery was determined 

using the Port Authority study conducted at Kennedy International 

Airport. That study determined that vacuum enhanced NAPL recovery 

would remove NAPL as follows: 

biodegradation accounted for 62% of the total NAPL removed; 
NAPL removed as a liquid phase accounted for 27% of the total NAPL 
removed; and 
volatilization accounted for 11% of the total NAPL removed. 

Since there are few if any volatile organic compounds remaining in OU-II 

NAPL, removal of NAPL constituents by volatilization was assumed to be 

negligible. Consequently, biodegradation and NAPL removal as a liquid 

phase are the only mechanisms that would remove NAPL from the OU-II 

Site using vacuum enhanced NAPL recovery. The ratio from the Port 
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Authority study of biodegradation NAPL removal rates (i.e., 62% of the 

total) to separate phase NAPL removal rates (i.e., 27% of the total) is 

approximately 2.3 (i.e., 62 H- 27 = 2.3). That is, vacuum enhanced NAPL 

recovery would be expected to remove 2.3 gallons of NAPL through 

biodegradation for each gallon of NAPL that is removed as a liquid phase. 

As discussed earlier in this section, the vacuum enhanced NAPL recovery 

rate for NAPL removed as a liquid phase was determined using Appendix 

M and the U. S. Air Force study (Kittel et al., 1997) to be 2.4 gpd/well to 

18.0 gpd/well. 

The amount of additional NAPL that would be removed by 

biodegradation using vacuum enhanced NAPL removal was then 

computed using the ratio of biodegradation to liquid phase NAPL 

removal rates of 2.3. Based on liquid phase removal rates ranging from 2.4 

gpd/well to 18.0 gpd/well, the biodegradation rates anticipated for 

vacuum enhanced NAPL removal would be approximately 5.5 gpd/well 

(i.e., 2.4 gpd/well x 2.3) to 41.4 gpd/well (i.e., 18.0 gpd/well x 2.3). 

Vacuum enhanced NAPL recovery removes NAPL both as a liquid phase 

and through biodegradation. As a result, the total NAPL removal rate for 

vacuum enhanced NAPL recovery is equal to the sum of the NAPL 

removal rates for both of these mechanisms. The total NAPL removal rate 

for vacuum enhanced NAPL removal, then, was determined to be 

approximately 7.9 gpd/well (i.e., 2.4 gpd/well + 5.5 gpd/well) to 59.4 

gpd/well (i.e., 18.0 gpd/well + 41.4 gpd/well) . This analysis is 

summarized as follows: 
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NAPL Removal 
Component 

Vacuum Enhanced NAPL Removal 

Anticipated NAPL Removal Rates Notes 

NAPL Removal 
Component 

Low Estimate 

(gpd/well) 

High Estimate 

(gpd/well) 

Notes 

Liquid Phase 2.4 18.0 (1) 

Biodegradation 5.5 41.4 (2) 

Total NAPL 
Removal 

7.9 59.4 (3) 

NOTES: 

2. The NAPL recovery rate for vacuum enhanced NAPL recovery was 
computed as 1.2 to 9.0 times the rate at which NAPL can be recovered 
using NAPL-only recovery rates. The ratio of vacuum enhanced NAPL 
recovery to NAPL-only removal of 1.2 to 9.0 was obtained from the 
results of the studies performed by the U. S. Air Force (Kittel et al., 
1997). It was used with the conservative NAPL recovery rate expected 
for NAPL-only recovery at the OU-II Site of 2.0 gpd/well as defined in 
Appendix M. 

2. The biodegradation NAPL removal rate for vacuum enhanced NAPL 
recovery was computed as 2.3 times the amount of NAPL that can be 
removed as a liquid phase using vacuum enhanced NAPL recovery. 
The ratio of biodegradation removal rates to liquid phase NAPL 
removal rates for vacuum enhanced NAPL removal of 2.3 was 
obtained from the Port Authority study (Kirshner et al., 1996). See text, 
above, for discussion. This ratio was used with the liquid phase NAPL 
recovery rate for vacuum enhanced NAPL removal of 2.4 gpd/well to 
18.0 gpd/well and resulted in biodegradation removal rates of 5.5 (i.e., 
2.4 gpd/well x 2.3) to 41.4 gpd/well (i.e., 18.0 gpd/well x 2.3). 

3. The total NAPL removal rate for vacuum enhanced NAPL removal is 
equal to the sum of the NAPL removed as a liquid phase and the 
NAPL removed through biodegradation. 

The range of anticipated NAPL recovery rates for vacuum enhanced 

NAPL recovery of 7.9 gpd/well to 59.4 gpd/well was used to select a 

representative overall NAPL removal rate for vacuum enhanced NAPL 

recovery of 10 gpd/well. This is a conservative estimate since the 10 

gpd/well NAPL removal rate selected for vacuum enhanced NAPL 

recovery represents less than 5% of the difference between the lowest and 
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the highest NAPL removal rates that studies have shown can be achieved 

through the use of vacuum enhanced NAPL removal (i.e., 7.9 to 59.4 

gpd/well). 

As discussed above, vacuum enhanced NAPL recovery would remove 

biodegradable organic compounds, in particular petroleum-related 

organic compounds, from NAPL present as residual saturation. The 

majority of the organic compounds comprising OU-II NAPL are typically 

biodegradable under aerobic conditions. PCBs, on the other hand, are not 

typically biodegradable in the presence of oxygen, i.e., under aerobic 

conditions. PCBs are biodegradable under anaerobic conditions by 

methanogenic microorganism (Brown, et al., 1996). Consequently, 

inducting air flow in the formation by using vacuum enhanced NAPL 

removal, which would provide an aerobic environment, would not 

promote the biodegradation of PCBs. As a result, vacuum enhanced 

NAPL recovery would not biodegrade the PCBs in OU-II NAPL present 

as residual saturation or as a liquid phase. 

As discussed in Section 5.2.1.4, OU-II NAPL containing PCBs in 

concentrations of 2.0 mg/kg or greater is a TSCA-regulated material. 

Bioremediation is not a treatment method that is already approved by 

TSCA for PCBs. The only PCBs that would be removed from the OU-II 

Site using vacuum enhanced NAPL removal would be the PCBs that 

would be removed with the primarily petroleum-related NAPL recovered 

by the system as a liquid phase. The liquid NAPL removed from the OU-II 

Site that contains PCBs in concentration greater than 2.0 mg/kg would be 

transported to an off-site TSCA-approved incinerator. Vacuum enhanced 

NAPL removal would also aerate the subsurface soil where the PCBs are 

present, creating environmental conditions that enhance the 

biodegradation of petroleum-related constituents but not PCBs. As a 

result, vacuum enhanced NAPL removal at the OU-II Site would comply 

ERM-NORTHEAST 6-33 ' F:V..\MNCROUII\FS TEXT\SECT 6.DOC 



with TSCA regulations regarding the treatment and disposal of PCB 

waste. 

Analysis of OU-II NAPL for PCBs conducted during the OU-II remedial 

investigation determined that PCB concentrations in all but one well (i.e., 

well (i.e., WB-5) were now below the 10 mg/kg NYSDEC TAGM 

(NYSDEC, 1994c) recommended soil cleanup objective for PCBs in 

subsurface soil. The decrease in PCB concentrations in OU-II NAPL that 

has occurred over the years is most likely due to anaerobic biodegradation 

that has occurred naturally in the oxygen deprived subsurface OU-II 

NAPL areas surrounding the former lagoon. The primary objective of the 

NAPL removal remedial actions evaluated in this feasibility study is to 

prevent the off-site migration of OU-II NAPL in the future which could 

lead to different exposure scenarios and lower acceptable PCB 

concentrations. Remedial actions for the OU-II Site to reduce PCB 

concentrations to levels equal to or below 10 mg/kg are only needed in 

the limited area adjacent to the one well (i.e., WB-5) where PCB 

concentrations in NAPL exceeds 10 mg/kg. 

In addition to removing NAPL as a liquid phase at a higher rate than 

NAPL-only recovery can remove, vacuum enhanced NAPL recovery also 

removes NAPL through biodegradation, thereby removing a greater 

percentage of the total amount of NAPL that is present in subsurface soil. 

There are two mechanisms by which vacuum enhanced NAPL recovery 

removes NAPL from subsurface soil to increase the amount of NAPL that 

is recovered: induced air flow and bioremediation. The induced air flow 

generates pressure gradients that can overcome the capillary forces in 

subsurface soil, thus enabling NAPL to be removed that cannot be 

removed by conventional NAPL recovery technologies (i.e., NAPL-only 

and NAPL removal with ground water depression). In addition, the 

presence of increase air flow in subsurface soil promotes the 

biodegradation of the NAPL constituents present as residual saturation. 
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By also addressing NAPL that is present as residual saturation through 

biodegradation, vacuum enhanced NAPL recovery is capable of 

recovering a higher percent of the total amount of OU-II NAPL that is 

present in subsurface soil. As a result, it is expected that vacuum 

enhanced NAPL recovery can remove from 60% to 80% of the total 

amount of OU-II NAPL that is present in subsurface soil. 

In conclusion, vacuum enhanced NAPL recovery could be used to remove 

liquid phase NAPL from all four OU-II NAPL Areas since all four areas 

contain "recoverable" amounts of NAPL (i.e., a NAPL thickness of 0.25 

feet or greater). Any worker health and safety concerns associated with 

the installation and operation of this type of NAPL recovery system could 

be managed with a properly implemented HASP. As discussed below in 

Section 6.6.3, the need for this technology to extract, treat and discharge 

ground water can cause NAPL constituents, including PCBs, to be 

released into the environment. PCBs and other NAPL constituents would 

be mixed with ground water during vacuum enhanced NAPL removal 

and can be released into the environment during treatment and discharge. 

However, as discussed in Section 6.6.3, the limited amount of ground 

water that this technology removes during its operation makes it possible 

to consider ground water discharge options that pose fewer 

environmental risks, such as recharging treated ground water to the 

shallow aquifer at Harmon Yard. 

Implementability 

Vacuum enhanced NAPL recovery can be easily and readily implemented. 

This technology is already being used at a number of sites and there are at 

least seven companies in the New York area who are capable of installing 

and operating vacuum enhanced NAPL removal systems. This technology 

extracts air, a limited amount of ground water and NAPL. The vapor 

would then need to be separated from this mixture, an oil/water 
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separator would be needed to separate OU-II NAPL from ground water 

and ground water treatment would be needed to remove dissolved 

constituents from the ground water separated from the NAPL and ground 

water mixture. 

As discussed above, vacuum enhanced NAPL recovery results in the 

generation of a limited amount of ground water. The amount of ground 

water removed by vacuum enhanced NAPL removal is significantly less 

than the amount of ground water that would be removed by total fluids 

recovery or NAPL removal with ground water depression. During a 

vacuum enhanced NAPL recovery case study conducted at a Naval Air 

Station, approximately 23 gallons of ground water was removed for every 

gallon of JP-5 fuel NAPL removed (KHH&M, 1994). The study entailed 

removing NAPL (JP-5 fuel), ground water and soil gas (air) from a 

formation comprised of loose sand, clay, sandy/silty clay and silty/clayey 

sand with a depth to ground water of approximately nine feet below 

grade (KHH&M, 1994). Other studies have shown lower ground water 

extraction volumes. 

This technology would remove only a limited amount of ground water, as 

compared to total fluids recovery and NAPL removal with ground water 

depression. As a result, the risk of environmental impacts from the 

discharge of treated ground water would be much less for vacuum 

enhanced NAPL removal than for either total fluids recovery or NAPL 

removal with ground water depression. Furthermore, because a smaller 

amount of ground water would require treatment, recharge of treated 

ground water to the shallow aquifer at Harmon Yard is feasible. This 

would eliminate the potential environmental impacts discussed in Section 

6.4.3 and Section 6.5.3 that are associated with the discharge of treated 

ground water to Croton Bay and the Hudson River that would be 

required for total fluids recovery or NAPL removal with ground water 

depression. 
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It should be noted that Metro-North is under a Consent Order requiring it 

to connect to the Westchester County Ossining Sewage Treatment Plant, 

but has been advised by the Westchester County Department of 

Environmental Facilities that it will not accept any wastewater generated 

from the lagoon site. 

Unlike total fluids recovery and NAPL removal with ground water 

depression, the rate at which vacuum enhanced NAPL recovery system 

would remove NAPL from subsurface soil would not be greater than the 

rate at which the NAPL in these areas can be replaced by the surrounding 

soil. This technology induces air flow and creates a pressure gradient that 

overcomes the capillary forces in subsurface soil, thereby encouraging the 

movement of NAPL toward the recovery well. As a result, discontinuous 

NAPL layers would not be formed. In addition, vacuum enhanced NAPL 

recovery does not lower the water table, which is a key factor in the 

operation of total fluids recovery or NAPL recovery with ground water 

depression. As discussed in the introduction to this subsection (i.e., 

Section 6.6), lowering the water table increases the depth of the 

unsaturated soil zone, thereby increasing the amount of NAPL that would 

be lost to residual saturation and that cannot be recovered. Vacuum 

enhanced NAPL recovery does not lower the water table and does not 

incur this disadvantage, i.e., the loss of NAPL to residual saturation. 

To summarize, vacuum enhanced NAPL recovery can remove NAPL as a 

liquid phase at rates that are higher than NAPL-only removal, total fluids 

removal or NAPL removal with ground water depression. Vacuum 

enhanced NAPL removal also removes a significant quantity of NAPL 

through enhanced biodegradation, an advantage that none of the 

aforementioned NAPL removal technologies can offer. This technology 

minimizes the amount of OU-II NAPL constituents that could be released 

into the environment with treated ground water. Since vacuum enhanced 

NAPL removal only removes a limited amount of ground water, treated 
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ground water can be recharged to the shallow aquifer at Harmon Yard. 

This eliminates the need to discharge treated ground water to Croton Bay 

and the Hudson River, a potential environmental impact that would be 

posed if total fluids removal or NAPL removal with ground water 

depression were to be implemented. As previously noted, implementation 

of total fluids removal or NAPL removal with ground water depression 

would also jeopardize Metro-North's ability to comply with the NYSDEC 

Consent Order covering the Harmon Yard wastewater treatment plant. 

Evaluation Summary 

Removal of subsurface NAPL by vacuum enhanced NAPL recovery 

would address NAPL remedial action objectives and would be effective. 

Overall NAPL removal rates for this technology, including NAPL removal 

by biodegradation and NAPL removal as a liquid phase, are expected to 

be significantly higher than NAPL-only recovery, total fluids recovery or 

NAPL removal with ground water depression. In addition, this 

technology is expected to remove 60% to 80% of the total amount of 

NAPL that is present in subsurface soil. The Port Authority study 

discussed in Section 6.6.2 determined that vacuum enhanced NAPL 

recovery removed approximately 2.3 gallons of NAPL through 

biodegradation for each gallon of NAPL removed as a liquid phase. Since 

studies have shown that aggressive liquid NAPL removal technologies, 

i.e., total fluids removal and NAPL removal with ground water 

depression, remove a maximum of 30% of the total amount of NAPL 

present in subsurface soil, it was estimated that vacuum enhanced NAPL 

recovery, which removes NAPL through biodegradation and as a liquid 

phase, would remove approximately 2.3 times this maximum 30% NAPL 

removal rate, or approximately 70% of the total NAPL present in 

subsurface soil. 
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Using the estimated average NAPL recovery rate for NAPL-only recovery 

and comparisons documented in studies regarding NAPL-only recovery 

and vacuum enhanced NAPL recovery, it has been conservatively 

estimated that vacuum enhanced NAPL recovery would remove, on 

average, approximately 10 gpd/well of OU-II NAPL from the four OU-II 

NAPL Areas. The derivation of this 10 gpd/well NAPL removal rate for 

vacuum enhanced NAPL removal is discussed in Section 6.6.2. As 

discussed above, while there are some implementability concerns 

associated with ground water treatment, these concerns would be 

minimized by the small amount of ground water requiring treatment if 

this technology were used and the possibility that treated ground water 

could be recharged to the shallow aquifer at Harmon Yard and would not 

need to be discharged to Croton Bay or the Hudson River. Based on the 

above evaluation, vacuum enhanced NAPL recovery has been retained for 

use in developing the remedial action alternatives evaluated in Section 7.0. 

6.7 NAPL RECOVERY WITH GROUND WATER DEPRESSION 

NAPL recovery with ground water depression involves simultaneous but 

separate removal of ground water and NAPL using two separate pumps. 

Ground water is removed from the recovery well to depress the water 

table and promote NAPL movement into the recovery well. The 

accumulated NAPL is then separately pumped from the recovery well 

into a storage vessel. The extracted ground water is transferred to a 

treatment unit and ultimately discharged to surface water. The NAPL 

remains in the storage vessel until it is transported off-site for disposal. 

Disposal of recovered OU-II NAPL is discussed in Section 6.12. NAPL 

recovery systems with ground water depression can be installed in 

recovery wells (Section 6.8) or in recovery wells located within recovery 

trenches (Section 6.9). 
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This NAPL recovery technology is generally used for plume control in 

high permeability aquifers having dissolved ground water contamination. 

In addition to requiring ground water treatment, this technology can 

disturb the continuity of the floating NAPL layer and spread floating 

NAPL vertically in the soil column. 

Ability to Meet Remedial Action Objectives 

As discussed in Section 5.2.1.5, the NAPL remedial action objectives for 

the Site are: (1) to prevent further off-site migration of OU-II NAPL; (2) to 

remove OU-II NAPL to the extent practical; and (3) to continue to prevent 

direct contact with subsurface OU-II NAPL in the vicinity of the former 

lagoon. This technology would remove subsurface OU-II NAPL to the 

extent practical and would prevent further off-site migration of NAPL. 

Short-Term and Long-Term Effectiveness 

NAPL recovery with ground water depression would be an effective 

short-term and long-term NAPL recovery technology for the Site. A 

NAPL recovery system with ground water depression, installed in the 

Harmon Shop Storeroom Lot located in the Yard, was used to recover 

NAPL from this area of Harmon Yard. NAPL removal rates decreased 

significantly in recent years and operational problems that are associated 

with ground water removal, discussed below, continued to adversely 

affect the operation of this system. As a result, operation of this system 

has been discontinued. In accordance with the Harmon Yard Remediation 

Plan (ERM, 1996), which has been approved by the NYSDEC, operation of 

this system has been discontinued and will be replaced with a NAPL-only 

recovery system. 

As discussed in Section 6.6.2, the U.S. Air Force Center for Environmental 

Excellence in a joint study with Battelle Memorial Institute and Parsons 
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Engineering Science is currently conducting a study comparing NAPL 

recovery rates for three NAPL recovery technologies: NAPL-only 

recovery, ground water depression and vacuum enhanced NAPL 

recovery at 36 Air Force sites. The results for 7 of the 36 sites, documented 

in the most recent paper for this project (Kittel, et al., 1997), demonstrated 

that ground water depression NAPL removal rates varied considerably 

when compared to NAPL-only removal rates. 

In one case, NAPL could not be removed when a ground water 

depression system was installed in an area where a NAPL-only system 

had been able to successfully remove NAPL. The inability of the ground 

water depression system evaluated in this study to remove any NAPL 

was probably due to the loss of NAPL to residual saturation that occurred 

when ground water depression lowered the waster table, as discussed 

with respect to vacuum enhanced NAPL removal in Section 6.6. Other 

sites evaluated in the U. S. Air Force study reported ground water 

depression NAPL removal rates that were higher than the NAPL-only 

removal rates. The maximum increase in NAPL removal rates occurred at 

one site where ground water depression NAPL removal rates were 3.8 

times higher than NAPL-only removal rates. A review of all of the data 

indicated that ground water depression typically removes NAPL at a rate 

that is closer to 25% higher than the NAPL-only removal rate. 

As discussed in Section 6.4.2 and in Appendix M, the anticipated NAPL 

recovery rate for OU-II NAPL using NAPL-only recovery systems was 

estimated to be approximately 2 gpd per well. Based on this estimated 

NAPL-only recovery rate and the increase in NAPL removal rates 

demonstrated in the U. S. Air Force study described above for ground 

water depression (i.e., ground water depression NAPL removal rates 

generally 25% higher than NAPL-only removal rates), the average 

removal rate for OU-II NAPL using a ground water depression NAPL 

recovery system used in this analysis was estimated to be 2.5 gpd/well , 
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i.e., approximately 25% higher than the 2.0 gpd/well NAPL-only removal 

rate. 

NAPL removal with ground water depression induces NAPL to flow by 

gravity to the recovery well by lowering the water table, thus creating a 

hydraulic gradient toward the recovery well. However, there is a 

significant disadvantage to removing NAPL by lowering the water table 

in that lowering the water table increases the depth of unsaturated soil, 

thus increasing the amount of NAPL that is lost to residual saturation and 

cannot be removed. When the ground water pumping that is a key part of 

total fluids recovery and NAPL removal with ground water depression is 

discontinued, the water table rises to its current level and the NAPL re

appears as a liquid phase on the surface of the water table. Although 

ground water depression NAPL removal rates are 25% higher than 

NAPL-only removal rates, the loss of NAPL to residual saturation during 

ground water depression limits the increase in the overall amount of 

NAPL that ground water depression can achieve. 

As discussed in Section 6.4.2, NAPL-only removal is expected to remove 

up to 20% of the total amount of NAPL present in subsurface soil. Ground 

water depression creates a hydraulic gradient and induces NAPL toward 

the recovery well. This advantage is tempered by the fact that ground 

water depression lowers the water table, resulting in a loss of NAPL to 

residual saturation. Based on these facts, it was estimated that ground 

water depression would remove approximately 50% more NAPL than 

would be removed using NAPL-only removal systems. That is, NAPL 

removal with ground water depression is expected to remove 

approximately 30% of the total amount of NAPL present in subsurface soil 

(i.e., 1.5 x 20%). This is a conservative estimate, since 30% is the maximum 

amount of NAPL removal that has been demonstrated for conventional 

NAPL removal technologies such as NAPL removal with ground water 

depression (Haas, et al., 1997). Unlike vacuum enhanced NAPL removal, 
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however, ground water depression only removes NAPL as a liquid phase 

and does not enhance the removal of NAPL through biodegradation. 

Finally, NAPL recovery with ground water depression could be used to 

remove liquid phase NAPL from all four OU-II NAPL areas since all four 

areas contain "recoverable" amounts of NAPL (i.e., a NAPL thickness of 

0.25 feet or greater). Any worker health and safety concerns associated 

with the installation and operation of this type of NAPL recovery system 

could be managed with a properly implemented HASP. As discussed 

below in Sections 6.7.3, the need for this technology to extract, treat and 

discharge ground water can cause NAPL constituents, including PCBs, to 

be released into the environment. Primarily, PCBs and other NAPL 

constituents would be mixed with ground water during ground water 

pumping. Even after treatment, some of these constituents can be released 

into environmental media such as the surface water and sediment in 

Croton Bay and the Hudson River. 

Implementability 

Although a NAPL recovery system with ground water depression has 

recovered a considerable amount of NAPL from the Harmon Shop 

Storeroom Lot, numerous operational problems have been experienced 

with this system (ERM, 1996) and this system has recently been shut 

down. Specifically, the water recovery equipment, and to a lesser extent 

the NAPL removal equipment, have experienced corrosion problems and 

electrical malfunctions due to power surges and high ground water 

concentrations of iron and manganese have caused a number of fouling 

problems. The ground water extraction that would be needed to 

implement this NAPL removal technology in the former lagoon area 

would probably encounter some of the same corrosion and other 

maintenance problems that occurred at the Harmon Shop Storeroom Lot 

NAPL recovery well. 
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In addition, the Harmon Shop Storeroom Lot ground water depression 

and NAPL recovery system has also extracted a large amount of ground 

water. During the time period the NAPL recovery system in the Harmon 

Shop Storeroom Lot was operational, it extracted from 27 to over 600 

gallons of ground water per gallon of NAPL removed. On average, 

approximately 120 gallons of ground water was removed for every gallon 

of NAPL removed. 

There are a number of significant disadvantages associated with the 

implementation of NAPL removal technologies that require ground water 

extraction in order to depress water table elevations. The key 

disadvantage is related to the need to continually extract a significant 

quantity of ground water in order to lower the water table and induce 

NAPL to flow towards the recovery area. As discussed in Section 6.5.3 

with respect to total fluids recovery, the extraction, treatment and 

discharge of ground water from OU-II NAPL areas can cause the PCBs 

and other NAPL constituents to be released into the environment. These 

constituents would be mixed with ground water during pumping and 

even after treatment can be released into environmental media such as the 

surface water and sediment in Croton Bay and the Hudson River. 

Obtaining a permit or permit equivalency for this discharge may be 

difficult and may delay the implementation of ground water depression as 

a NAPL removal technology at the OU-II Site indefinitely. 

Furthermore, the higher initial NAPL removal rates for this technology 

would result in discontinuous NAPL layers within each NAPL area. This 

has been demonstrated at the Harmon Shop Storeroom Lot recovery well 

area. The thickness of NAPL in the immediate vicinity of the recovery well 

in this area has decreased substantially, as has the amount of NAPL that 

has been removed from this well in recent years. However, the Field 

Investigation report (ERM, 1995) identified a significant thickness of NAPL 

in the area surrounding this recovery well. The Harmon Yard Remediation 
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Plan (ERM, 1996), which has been approved by the NYSDEC, includes 

plans for an automated NAPL-only removal system to address the 

discontinuous NAPL layers in the Harmon Shop Storeroom Lot and other 

NAPL areas at Harmon Yard not related to the OU-II Site. The Harmon 

Yard Remediation Plan (ERM, 1996) calls for the existing ground water 

depression system in the Harmon Shop Storeroom Lot to be dismantled 

and removed. Operation of this system has been discontinued because of 

the mechanical problems that occurred with this system due to the iron 

and manganese concentrations in ground water and the stray elective 

currents present at Harmon Yard. These ground water depression 

mechanical problems could also occur at the OU-II Site but may be 

addressed during final design by using pump components that do not 

corrode or become clogged by iron or manganese. 

Finally, this technology would, by design, lower the elevation of the water 

table in each NAPL area. Lowering the water table would cause the 

formation of a zone of residual saturation that this technology (i.e., NAPL 

removal with ground water depression) cannot remove. 

Evaluation Summary 

NAPL removal with ground water depression would address NAPL 

remedial action objectives and would be effective. NAPL recovery rates 

for this technology are expected to be approximately 25% higher than 

NAPL-only removal rates. NAPL removal with ground water depression 

is expected to remove up to 30% of the NAPL present in subsurface soil. 

Using the estimated average NAPL recovery rate for NAPL-only recovery 

and comparisons documented in studies regarding NAPL-only recovery 

and ground water depression NAPL recovery, it has been conservatively 

estimated that ground water depression NAPL recovery would remove, 

on average, approximately 2.5 gpd/wel l of OU-II NAPL from the four 

OU-II NAPL Areas. 
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Overall, ground water depression will remove OU-II NAPL at a rate that 

is higher than the NAPL-only removal rate and is expected to ultimately 

remove more NAPL than NAPL-only removal technologies will remove. 

These advantages over NAPL-only removal are tempered by potential 

technical and regulatory problems that NAPL-only removal would not 

pose. These technical problems, as discussed in Section 6.7.3, are as 

follows: 

the loss of NAPL to residual saturation during ground water 
depression; 

the potential release of PCBs and OU-II NAPL constituents in treated 
ground water to the environment; and 

the mechanical problems (i.e., corrosion and clogging) that led to the 
decision to cease operation of the ground water depression system at 
the Harmon Shop Storeroom Lot NAPL area. 

The regulatory issue associated with ground water depression at Harmon 

Yard discussed in Section 6.7.3 is the possible difficulty that may be faced 

in obtaining a permit or permit equivalency for the discharge of a 

significant quantity of treated ground water that may contain PCBs and 

other OU-II NAPL constituents into the surface water and sediment of 

Croton Bay and the Hudson River. 

In conclusion, NAPL removal with ground water depression may remove 

more NAPL and at a faster rate than NAPL-only removal can achieve if 

the possible technical and regulatory problems discussed in Section 6.7.3 

can be overcome. In addition, comments from the NYSDEC on a draft 

version of this feasibility study included a requirement that NAPL 

removal with ground water depression be evaluated as a remedial action 

alternative. Since ground water depression may remove more NAPL and 

at a faster rate than other technologies evaluated in this feasibility study 

and in response to a regulatory requirement that this technology be 

evaluated for use at the OU-II Site, NAPL removal with ground water 
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depression has been retained for use in developing the remedial action 

alternatives evaluated in Section 7.0. 

NAPL RECOVERY WELLS 

NAPL recovery wells would be installed in the NAPL Areas. The wells 

would be screened above and below the water table. The wells provide 

access to NAPL and ground water for the NAPL removal technologies 

evaluated in Sections 6.4, 6.5, 6.6 and 6.7 (i.e., NAPL-only, total fluids 

recovery, vacuum enhanced NAPL recovery and NAPL removal with 

ground water depression). The diameter of the wells used in this type of 

application can range from 2 inches to greater than 24 inches. In general, 

well diameters of 4 to 6 inches are used for NAPL recovery. 

As previously discussed in Sections 6.4 through 6.7, NAPL recovery 

systems (either NAPL-only, total fluids, vacuum enhanced NAPL 

recovery or NAPL with ground water depression) located in recovery 

wells would remove the NAPL that accumulates in the NAPL recovery 

well and would transfer it to an above ground storage tank. NAPL 

recovery wells would be used in conjunction with a NAPL recovery 

system. 

Ability to Meet Remedial Action Objectives 

As discussed in Section 5.2.1.5, the NAPL remedial action objectives for 

the Site are: (1) to prevent further off-site migration of OU-II NAPL; (2) to 

remove OU-II NAPL to the extent practical; and (3) to continue to prevent 

direct contact with subsurface OU-II NAPL in the vicinity of the former 

lagoon. This technology, used in conjunction with a NAPL recovery 

technology, would remove subsurface OU-II NAPL to the extent practical 

and would prevent further off-site migration of NAPL. 
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6.8.2 Short-Term and Long-Term Effectiveness 

NAPL recovery wells used in conjunction with a NAPL removal 

technology would be an effective short-term and long-term NAPL 

recovery technology for the Site. Recovery wells are most effective at sites 

with moderate to high hydraulic conductivity. Since the hydraulic 

conductivity and permeability around the former lagoon is moderate, this 

technology would be effective. Furthermore, NAPL recovery from wells 

has been demonstrated around the former lagoon (i.e., NAPL-only 

recovery from wells WB-2, WB-4, WB-5 and WB-9) and in Harmon Yard 

(i.e., NAPL recovery with ground water depression from the Harmon 

Shop Storeroom Lot). NAPL recovery from wells would not adversely 

impact human health or the environment. Any worker health and safety 

concerns associated with the installation and operation of NAPL recovery 

wells could be managed with a properly implemented HASP. 

6.8.3 Implementability 

Prior to the start of lagoon remedial activities related to OU-I, NAPL 

recovery wells were installed and operated in the OU-II NAPL Areas. 

NAPL removal systems had been installed and operated in wells WB-2, 

WB-4, WB-5 and WB-9. These wells are located in separate OU-II NAPL 

Areas. Although some portions of these NAPL Areas have steep grades 

and are heavily vegetated, installation of NAPL recovery wells in the OU-

II NAPL Areas is implementable. 

6.8.4 Evaluation Summary 

NAPL recovery wells along with NAPL recovery technologies would 

address the remedial action objectives for NAPL, would be effective and 

would be implementable. As a result, this technology has been retained 
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for use in developing the remedial action alternatives evaluated in Section 

7.0. 

NAPL RECOVERY TRENCHES 

This technology consists of subsurface trenches filled with permeable 

material, such as crushed stone. NAPL recovery trenches provide access 

to NAPL and ground water for the NAPL removal technologies evaluated 

in Sections 6.4, 6.5 and 6.7 (i.e., NAPL-only, total fluids recovery and 

NAPL removal with ground water depression). Because the trench has a 

higher permeability than the surrounding soil, ground water and NAPL 

from adjoining soil flows into the recovery trench. NAPL recovery 

systems (either NAPL-only, total fluids or NAPL with ground water 

depression) installed within the trench would remove the NAPL that 

accumulates in the trench and would transfer it to an above ground 

storage tank. NAPL recovery trenches are used in conjunction with a 

NAPL recovery system. A cross-section of a typical recovery trench 

system is presented in Figure 6-1. As discussed in Section 6.6, vacuum 

enhanced NAPL recovery systems cannot be installed within recovery 

trenches. The permeable trenches would short-circuit the flow of air 

within subsurface soil and, as a result, would hinder NAPL recovery 

efforts. 

Ability to Meet Remedial Action Objectives 

As discussed in Section 5.2.1.5, the NAPL remedial action objectives for 

the Site are: (1) to prevent further off-site migration of OU-II NAPL; (2) to 

remove OU-II NAPL to the extent practical; and (3) to continue to prevent 

direct contact with subsurface OU-II NAPL in the vicinity of the former 

lagoon. This technology, used in conjunction with NAPL recovery 

technologies, would prevent further off-site migration of NAPL and 

would remove subsurface OU-II NAPL to the extent practical. 
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Short-Term and Long-Term Effectiveness 

NAPL recovery trenches used in conjunction with a NAPL removal 

technology would be an effective short-term and long-term NAPL 

recovery technology for the Site. Recovery trenches are preferred over 

NAPL recovery wells in areas with low permeability soil that would 

require numerous wells for NAPL removal and in areas requiring control 

of NAPL migration due to the natural hydraulic gradient (HWC, 1996). 

Although Site soil does not exhibit a low permeability, NAPL recovery 

trenches would be effective in NAPL Areas potentially requiring NAPL 

migration control, such as NAPL Area LI. 

NAPL recovery from trenches would not adversely impact human health 

or the environment. Any worker health and safety concerns associated 

with the installation and operation of NAPL recovery trenches could be 

managed with a properly implemented HASP. 

Implementability 

As discussed in Section 5.2.1.1, a minimal potential for further off-site 

migration of NAPL from OU-II NAPL Area LI exists due to the direction 

of ground water flow. A NAPL recovery trench installed to prevent 

further migration from this area could be installed along the fence line. 

Since the fence line in this NAPL Area is heavily vegetated, construction 

would require extensive clearing of this area before the trench can be 

installed. 

Because NAPL located in the four OU-II NAPL areas may be classified a 

TSCA waste, soil that is removed from these areas in order to install the 

recovery trench may be regulated as a TSCA waste. Refer to Section 5.2.1.4 

for a discussion of regulatory requirements for the disposal of waste 

materials from NAPL areas. Although construction of recovery trenches 
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would require Site preparation work and some soil may require disposal 

at a TSCA-permitted facility, this technology is implementable at the Site. 

6.9.4 Evaluation Summary 

NAPL recovery trenches used in conjunction with NAPL recovery 

technologies would meet the remedial action objectives for NAPL, would 

be effective and would be implementable. As a result, this technology has 

been retained for use in developing the remedial action alternatives 

evaluated in Section 7.0. 

6.20 EXCAVATION AND OFF-SITE DISPOSAL 

This technology would entail excavation and off-site disposal of OU-II 

NAPL and associated overlying unsaturated soil. The depth to ground 

water in the four OU-II NAPL Areas ranges from 9 to 20 feet below grade. 

Therefore, under this technology, soil and NAPL to depths ranging from 9 

to 20 feet would be excavated, transferred into trucks and transported to 

an off-site facility for disposal. The excavated soil may be stockpiled and 

solidified to remove free liquids prior to transportation. Sheeting may be 

required to enable excavation in areas adjacent to structures. 

As discussed in Section 5.2.1.4, analysis of NAPL collected during 

previous recovery efforts indicates that NAPL in all four areas would be 

classified as RCRA characteristic hazardous wastes and NAPL from one 

area may also be classified as a NYSDEC RCRA listed hazardous waste 

(i.e., B003). Consequently, the data collected from NAPL removed from 

these four areas in 1991 was used in Section 5.2.1.4 to characterize existing 

NAPL quality. Based on the 1991 data, then, NAPL removed from the OU-

II former lagoon area would be characterized for disposal in accordance 

with RCRA as follows: 

ERM-NORTHEAST 6-51 F:\...\MNCROUII\FS_TEXT\SECT_6.DOC 

file:///MNCROUII/FS_TEXT/SECT_6.DOC


NAPL from NAPL Area LI would be characterized for disposal as a 
RCRA D004 (TCLP arsenic), D007 (TCLP chromium) and D008 (TCLP 
lead) characteristic hazardous waste. 

NAPL from NAPL Areas L2 and L3 would be characterized for 
disposal as a RCRA D007 (TCLP chromium) characteristic hazardous 
waste. 

NAPL from NAPL Area L4 would be characterized for disposal as a 
RCRA D007 (TCLP chromium) characteristic hazardous waste and 
may also be classified as a NYSDEC RCRA B003 (PCB) listed 
hazardous waste. 

New York State regulation 6 NYCRR 371-4(e)(1) requires that waste 

materials containing PCBs in concentrations equal to or greater than 50 

mg/kg be classified for disposal in New York State as a B003 RCRA listed 

hazardous waste. As discussed in Section 5.2.1.4, the NAPL in this area 

did contain PCBs in concentrations exceeding 50 m g / k g at one time and, 

as a result, it was assumed that all NAPL in this NAPL area would require 

a NYSDEC RCRA B003 listed hazardous waste classification if removed 

and disposed of. This is a conservative assumption since the hazardous 

waste classification would be determined based on the actual 

concentration of PCBs in OU-II NAPL that is removed from this area for 

disposal. 

As a result, NAPL and associated soil removed from the four NAPL Areas 

would have to be handled and disposed of as a RCRA characteristic 

hazardous waste. In addition, NAPL and associated soil removed from 

NAPL Area L4 may also have to be managed as a New York State listed 

hazardous waste (i.e., NYSDEC RCRA B003 (PCB) listed hazardous waste). 

NAPL and associated soil excavated from NAPL Area L4 may also have to 

be managed as a TSCA regulated waste. As discussed in Section 5.2.1.4, 

the relationship between the varying concentrations of PCBs in NAPL 

collected from each of the four OU-II NAPL areas and the federal TSCA 

PCB regulations is governed by USEPA's interpretation of the anti

dilution provision contained in TSCA at 40 CFR 761.1(b). Section 5.2.1.4 
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conservatively assumed that the source of PCBs in the NAPL is the sludge 

and other waste material that was present in the former wastewater 

equalization lagoon prior to remediation. Since the highest concentration 

of PCBs in lagoon waste material (sludge) was 950 mg/kg, Section 5.2.1.4 

assumed that TSCA would require that the NAPL from these four areas be 

handled for disposal purposes as a liquid PCB waste containing PCBs in 

concentrations exceeding 500 ppm. TSCA at 40 CFR 761.60 requires that a 

liquid waste containing PCBs in concentrations exceeding 500 mg/kg be 

incinerated at a TSCA-approved facility. 

If a mixture of subsurface soil and OU-II NAPL is excavated, it was 

assumed that TSCA would require that this mixture of subsurface soil and 

OU-II NAPL that contains PCBs from OU-II NAPL be disposed of as a 

non-liquid PCB waste material (i.e., in a TSCA-permitted chemical waste 

landfill). In contrast, based on previous decisions by the USEPA regarding 

TSCA requirements for surface soil around the former lagoon (USEPA, 

1992a), it was assumed that the soil that overlies the OU-II NAPL and that 

does not contain chemicals from OU-II NAPL would be regulated 

according to its actual PCB concentration. That is, overlying soil that 

contains less than 50 mg/kg of PCBs would not be regulated by TSCA. 

This soil would be handled in accordance with the remedial goals for 

PCBs in surface and subsurface soil defined in the OU-I ROD (NYSDEC, 

1992) and in NYSDEC guidance (NYSDEC, 1994c). These remedial goals 

would be used to determine if excavated soil can be used as backfill or 

must be disposed of off-site. The PCB soil remedial goals defined in these 

NYSDEC documents are 1.0 mg/kg for surface soil and 10.0 mg/kg for 

subsurface soil. Overlying soil that does not contain 50 mg/kg of PCBs 

but cannot be used as on-site backfill would be tested for RCRA 

hazardous waste characteristics and disposed of accordingly. 
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6.10.1 Ability toMeet Remedial Action Objectives 

As discussed in Section 5.2.1.5, the NAPL remedial action objectives for 

the Site are: (1) to prevent further off-site migration of OU-II NAPL; (2) to 

remove OU-II NAPL to the extent practical; and (3) to continue to prevent 

direct contact with subsurface OU-II NAPL in the vicinity of the former 

lagoon. This technology would prevent further off-site migration of NAPL 

and would remove subsurface OU-II NAPL to the extent practical. 

6.10.2 Short-Term and Long-Term Effectiveness 

Excavation and off-site disposal are effective and commonly used 

remedial technologies. However, this technology is generally practical for 

sites where the depth of excavation is shallow and the volume to be 

excavated is minimal. 

As discussed above, the depth of soil and NAPL excavation would range 

from 9 to 20 feet. As discussed in Section 5.2.1.1, it was estimated that 

approximately 153,000 gallons of liquid phase OU-II NAPL is present in 

the four NAPL Areas around the former lagoon area. Excavation of soil 

and NAPL is evaluated as a remedial action alternative in Section 7.0. As 

part of this evaluation, the quantity of soil above the NAPL layer and the 

combined NAPL and saturated soil that would be excavated under this 

alternative was estimated. This analysis determined that: (1) 

approximately 5,400 tons of soil above the NAPL layer that is assumed to 

contain PCBs from OU-II NAPL would need to be excavated and disposed 

of off-site; and (2) approximately 9,200 tons of combined OU-II NAPL and 

saturated soil would need to be excavated and disposed of. This is a 

significant quantity of material to be excavated, transported and disposed 

of. 
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Excavation and off-site disposal pose potential impacts to human health 

and the environment. Excavation of soil would cause an increase in 

particulate levels in the ambient air in the area of work. These particulates 

could contain PCBs. As a result, monitoring would be required to ensure 

that the increase in particulate levels do not adversely impact the 

surrounding area. An increased chance of truck or rail accidents during 

transportation of this material to the off-site disposal facility would also be 

realized as a result of this technology. 

6.20.3 Implementability 

As previously discussed, the depth to NAPL in the four OU-II NAPL 

areas ranges from 6 to 19 feet. Consequently, 6 to 19 feet of overlying soil 

would have to be removed to enable excavation of the NAPL layer. In 

addition, excavation would also require: (1) the clearing and removal of 

vegetation and the removal of the fence in OU-II NAPL Areas LI and L4; 

(2) demolition of the remaining foundation of one of the decommissioned 

old wastewater treatment buildings in OU-II NAPL Area L3; and (3) 

installation of sheeting around the sludge digester in OU-II NAPL Area 

L3. Although difficult, excavation of NAPL and associated soil from these 

areas is implementable. 

As discussed above, excavation would require that all of the combined 

OU-II NAPL and saturated soil and some of the overlying soil be disposed 

of at an off-site RCRA and TSCA permitted facility. Off-site disposal of 

these waste materials is implementable. 

Although there are a number of concerns associated with this technology, 

excavation and off-site disposal of NAPL and associated soil is 

implementable. 
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6.10A Evaluation Summary 

Although this technology could pose risks to human health and the 

environment and has considerable implementability concerns, it would be 

effective, implementable and would meet the remedial action objectives 

NAPL. As a result, this technology has been retained for use in developing 

the remedial action alternatives evaluated in Section 7.0. 

6.22 BIOSPARGING 

Biosparging consists of injecting air into a NAPL area and is essentially a 

bioremediation technology. Aerobic biodegradation involves the 

microbial consumption of dissolved and adsorbed-phase organic 

compounds, nutrients and oxygen to produce carbon dioxide, water and 

biomass. In order for biodegradation to occur, amenable microorganisms 

and sufficient quantities of nitrogen and oxygen must be present in the 

subsurface. Bioremediation has been proven effective for petroleum 

derivatives, ketones and polycyclic aromatic hydrocarbons. Other 

chemicals, such as chlorinated hydrocarbons, have been treated using 

biosparging with variable success (Clayton, et al, 1996). The majority of 

the constituents that comprise OU-II NAPL are petroleum-related organic 

compounds. However, PCBs, which are not associated with petroleum 

compounds, have also been detected in OU-II NAPL. 

Of the three components needed for successful bioremediation (i.e., 

bacteria, air and nutrients), the most critical component is oxygen. As a 

result, the key to successful in-situ aerobic bioremediation is subsurface 

delivery of oxygen. When determining the oxygen requirements for 

biodegradation, competing oxygen demands (such as oxidizable inorganic 

constituents and organic compounds) are also taken into account 

(Clayton, et al, 1996). In general, the amount of oxygen necessary to 

promote biodegradation is considerably less than the airflow needed to 
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cause volatilization of these chemicals. Biosparging (i.e., low flow air 

sparging) is therefore used to enhance bioremediation and minimize 

volatilization. (Clayton, et al, 1996) 

Biosparging is not an effective method of removing relatively large 

quantities of NAPL, such as the layer of NAPL that is present at the OU-II 

Site. Instead, this technology is identified here for use at the OU-II Site as 

an additional remedial technology to be used after NAPL-only removal 

has removed the majority of the NAPL that is present at the OU-II Site. 

That is, biosparging would be considered for use at the Site if additional 

OU-II NAPL can no longer be removed as a liquid phase using NAPL-

only removal methods but NAPL remains in recovery and monitoring 

wells at levels that cannot be considered stagnant NAPL, as discussed in 

Section 5.2.1.1. The injection of oxygen (air) into OU-II NAPL would 

create the aerobic conditions needed for the bioremediation of the 

petroleum-related organic compounds that comprise OU-II NAPL. 

In addition to the petroleum-related organic compounds that comprise 

OU-II NAPL, PCBs have also been detected at various concentrations in 

OU-II NAPL. Refer to Table 3-1 for a list of the PCB concentrations 

detected in OU-II NAPL samples collected from monitoring wells at the 

OU-II Site. As discussed in Section 6.12, Off-Site Disposal of NAPL, OU-II 

NAPL containing PCBs in concentrations above 2 mg /kg is considered a 

TSCA regulated waste. Bioremediation is not an approved TSCA 

treatment method for PCBs but the aerobic conditions created bv 

biosparging would actually hinder the degradation of the PCBs in OU-II 

NAPL. The basis for this assessment is that PCBs are generally not 

biodegradable under aerobic conditions but, instead, are biodegraded by 

methanogenic microorganisms (Brown, 1996) that are active under 

oxygen-depleted or anaerobic conditions. 
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Since biosparging creates an aerobic subsurface environment, it is unlikely 

that this technology would result in the biodegradation of PCBs in OU-II 

NAPL. As shown in Table 3-1, the PCB concentrations in all but one of the 

OU-II NAPL samples collected during the 1995 and 1996 OU-II remedial 

investigation contained less than the NYSDEC PCB remediation goal for 

subsurface soil of 10 mg/kg. Only one OU-II NAPL sample, collected 

from well WB-5, contained PCBs at a concentration above 10 m g / k g (i.e., 

at 23.0 mg/kg) and it is anticipated that the removal of OU-II NAPL from 

this area as a liquid phase would reduce the PCB concentrations in the 

NAPL in this well to levels that would be equal to or less than the 

NYSDEC PCB remediation goal for subsurface soil of 10 mg/kg. As a 

result, biosparging would be considered a remedial method for the 

petroleum-related organic compounds in OU-II NAPL but would not 

constitute a treatment method for PCBs. Instead, the limited amount of 

OU-II NAPL with PCB concentrations above 10 m g / k g (i.e., well WB-5) 

would be addressed by the physical removal of NAPL as a liquid phase, 

and the subsequent off-site incineration of this recovered NAPL at a 

TSCA-approved incinerator. The USEPA Region II Office of Pesticides and 

Toxic Substances administers the TSCA regulations in New York State and 

would need to agree to this assessment before biosparging could be used. 

6.11.1 Ability to Meet Remedial Action Objectives 

As discussed in Section 5.2.1.5, the NAPL remedial action objectives for 

the Site are: (1) to prevent further off-site migration of OU-II NAPL; (2) to 

remove OU-II NAPL to the extent practical; and (3) to continue to prevent 

direct contact with subsurface OU-II NAPL in the vicinity of the former 

lagoon. This technology would address the remedial action objectives 

when considered for use as a polishing technology after the majority of 

NAPL present in subsurface soil as a liquid phase has been removed by 

NAPL-only removal systems. 
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6.11.2 Short-Term and Long-Term Effectiveness 

Biosparging uses air sparging techniques to bioremediate chemicals in 

NAPL layers and in subsurface soil. Bioremediation is considered to be an 

effective polishing technology for the removal of OU-II NAPL that 

remains after NAPL-only removal systems have ceased operation. In 

addition, sparging is considered to be a potentially effective oxygen 

delivery technology (HWC, 1996; Clayton, et al, 1996). NAPL located 

around the former lagoon is comprised of diesel fuel with low levels of 

PCBs. In-situ bioremediation of diesel fuels has been demonstrated at 

numerous sites. 

The effectiveness of air sparging as an oxygen delivery system depends on 

a variety of site specific conditions. A recent article (Clayton, et al, 1996) 

summarized the site characteristics required for successful air sparging. 

They are: 

intrinsic permeability greater than 1CH2 square centimeters or 
hydraulic conductivity greater than 10-7 cm/sec; 

homogenous subsurface geology (air channeling can occur in 
heterogeneous courser grained soils); 

saturated thickness greater than five feet and a depth to groundwater 
less than 100 feet; and 

absence of basements or buried utilities where vapors can accumulate. 

Aquifer testing conducted during the OU-I RI indicated that the hydraulic 

conductivity in shallow ground water monitoring wells located around 

the former lagoon ranges from 5.5 x 10"4 cm/sec to 3.0 x 10"3 cm/sec (Fred 

C. Hart Associates, Inc., 1989). In addition, this study also documented the 

geologic conditions around the former lagoon. According to this 

document (Fred C. Hart Associates, Inc., 1989), the geology at the site 

consists primarily of a gray to brown medium-grained sand with some 
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silt. Review of the boring logs for the OU-II RI, discussed in Section 

1.2.3.1, indicates that the soils in each of the four OU-II NAPL areas is not 

homogenous and primarily consists of brown very fine to coarse sands, 

gravels and clay. 

Based on these Site characteristics, biosparging may be an effective 

polishing technology for the Site. Prior to implementation, a pilot study 

would have to be conducted to evaluate the effectiveness of this 

technology for NAPL at the Site. Biosparging requires the injection of air 

into subsurface soil that contains PCBs and other organic compounds. 

Although the constituents in OU-II NAPL are considered semi-volatile 

organic compounds, they would volatilize to some extent. As a result, the 

injection of air into this subsurface environment would cause some of this 

material to volatilize and be released into unsaturated soil and eventually 

into ambient air. Volatilized NAPL constituents can also migrate into 

enclosed spaces, such as storm drains, other utilities and the structures 

associated with the new Harmon Yard wastewater treatment facility, 

including the main treatment building and the wet well. Off-site migration 

through the subsurface soil to off-site areas is also possible. Potential air 

emissions can be addressed by monitoring ambient air and air in enclosed 

spaces and by adjusting air sparging rates to reduce air flow. Localized 

vapor extraction systems can also be installed to control vapors in soil 

before they migrate into the atmosphere or into enclosed spaces. Any 

worker health and safety concerns associated with the installation and 

operation of a biosparging NAPL removal system could be managed with 

a properly implemented HASP. 

6.11.3 Implementability 

Biosparging could be conducted through small diameter air injection 

points. Installation of these points, which would be installed below the 
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water table, would be implementable. Biosparging is therefore 

implementable at the Site. 

6.11.4 Evaluation Summary 

If used as a polishing technology implemented after NAPL-only removal 

systems have ceased operation, biosparging would address the NAPL 

remedial action objectives, and would be effective and implementable. As 

a result, this technology has been retained for use in developing the 

remedial action alternatives evaluated in Section 7.0. 

6.22 OFF-SITE DISPOSAL OF NAPL 

Off-site disposal of NAPL that is removed from the OU-II Site as a liquid 

phase would be used in conjunction with one or more of the NAPL 

removal technologies evaluated in this section. This technology would 

entail transport and disposal of OU-II NAPL recovered from around the 

former lagoon at either a RCRA permitted facility or a TSCA and RCRA 

permitted facility. 

As discussed in Section 5.2.1.4, analysis of OU-II NAPL collected during 

previous recovery efforts indicates that OU-II NAPL in all four areas are 

characteristic hazardous wastes and OU-II NAPL from one area (i.e., OU-

II NAPL Area L4) may also be a New York State listed hazardous waste. 

Data collected from NAPL removed in 1991 from the four OU-II NAPL 

areas around the former lagoon area was used in Section 5.2.1.4 to 

characterize existing NAPL quality. Based on the 1991 data, Section 5.2.1.4 

concluded that NAPL removed from the OU-II former lagoon area would 

be characterized for disposal in accordance with RCRA as follows: 
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NAPL from NAPL Area LI would be characterized for disposal as a 
RCRA D004 (TCLP arsenic), D007 (TCLP chromium) and D008 (TCLP 
lead) characteristic hazardous waste. 

NAPL from NAPL Areas L2 and L3 would be characterized for 
disposal as a RCRA D007 (TCLP chromium) characteristic hazardous 
waste. 

NAPL from NAPL Area L4 would be characterized for disposal as a 
RCRA D007 (TCLP chromium) characteristic hazardous waste and 
may also be classified as a NYSDEC RCRA B003 (PCB) listed 
hazardous waste. 

New York State regulation 6 NYCRR 371-4(e)(1) require that waste 

materials containing PCBs in concentrations equal to or greater than 50 

mg /kg be classified for disposal in New York State as a B003 RCRA listed 

hazardous waste. As discussed in Section 5.2.1.4, the NAPL in this area 

did contain PCBs in concentrations exceeding 50 m g / k g at one time and, 

as a result, it was assumed that all NAPL in this NAPL area would require 

a NYSDEC RCRA B003 listed hazardous waste classification if removed 

and disposed of. This is a conservative assumption since the hazardous 

waste classification would be determined based on the actual 

concentration of PCBs in OU-II NAPL that is removed from this area for 

disposal. 

As discussed in Section 5.2.1.4, the relationship between the varying 

concentrations of PCBs in NAPL collected from each of the four OU-II 

NAPL areas and the federal TSCA PCB regulations is governed by 

USEPA's interpretation of the anti-dilution provision contained in TSCA 

at 40 CFR 761.1(b). Section 5.2.1.4 conservatively assumed that the source 

of PCBs in the NAPL is the sludge and other waste material that was 

present in the former wastewater equalization lagoon prior to 

remediation. Since the highest concentration of PCBs in lagoon waste 

material (sludge) was 950 mg/kg , Section 5.2.1.4 assumed that TSCA 

would require that the NAPL from these four areas be handled for 

disposal purposes as a liquid PCB waste containing PCBs in 
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concentrations exceeding 500 ppm. TSCA at 40 CFR 761.60 requires that a 

liquid waste containing PCBs in concentrations exceeding 500 m g / k g be 

incinerated at a TSCA-approved facility. 

If soil and NAPL are excavated, it was assumed that TSCA would require 

that the soil above the NAPL layer that contains PCBs from NAPL be 

disposed of as a non-liquid PCB waste material (i.e., in a TSCA-permitted 

chemical waste landfill). It was also assumed that TSCA would require 

that the soil within the NAPL layer and the adjacent soil located below the 

water table that contains PCBs be disposed of as a non-liquid PCB waste 

material (i.e., at a TSCA-permitted off-site chemical waste landfill). 

In conclusion, NAPL removed as a liquid phase would require disposal as 

a RCRA and TSCA regulated waste. Because the source of the PCBs in the 

NAPL is believed to be the former lagoon and the concentration of PCBs 

in lagoon waste material exceeds 500 mg/kg , RCRA and TSCA would 

require that OU-II NAPL removed as a liquid phase from the four NAPL 

areas around the former lagoon area containing PCBs be disposed of at a 

RCRA and TSCA approved incinerator. If soil containing PCBs within the 

NAPL layer and in the adjacent saturated soil located below the water 

table are excavated and this soil contains PCBs from the NAPL layer in 

concentrations above 2.0 mg/kg, TSCA would require that this material 

be disposed of as a non-liquid PCB waste material (i.e., in a TSCA-

permitted chemical waste landfill). If NAPL removed from the OU-II Site 

contains PCBs in concentrations above 2.0 mg/kg, TSCA would require 

that this material be disposed of as a liquid PCB waste material containing 

PCBs in concentrations exceeding 500 m g / k g (i.e., at a TSCA-permitted 

off-site incinerator). The actual TSCA and RCRA regulations that would 

apply to either soil containing NAPL or liquid phase NAPL would need to 

be determined based on waste classification sampling performed prior to 

disposal. 
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6.12.2 Ability to Meet Remedial Action Objectives 

As discussed in Section 5.2.1.5, the NAPL remedial action objectives for 

the Site are: (1) to prevent further off-site migration of OU-II NAPL; (2) to 

remove OU-II NAPL to the extent practical; and (3) to continue to prevent 

direct contact with subsurface OU-II NAPL in the vicinity of the former 

lagoon. This technology, used in conjunction with one of the above NAPL 

removal technologies, evaluated earlier in this section would address the 

NAPL remedial action objectives. 

6.12.2 Short-Term and Long-Term Effectiveness 

Off-site disposal of OU-II NAPL is a proven and effective treatment 

technology. This technology has been used at numerous sites. Worker 

health and safety concerns associated with off-site disposal of NAPL and, 

for certain remedial approaches, off-site disposal of associated soil, could 

be managed by the off-site facility with a properly implemented HASP. 

The operating permits issued under RCRA and TSCA for the off-site 

disposal facilities that would be used for the disposal of OU-II NAPL and 

associated soil (i.e., off-site chemical waste landfills) and for liquid phase 

NAPL (i.e., off-site incineration facilities) and the environmental 

monitoring required under these permits ensure that the use of these 

facilities for the disposal of waste material from the OU-II Site would be 

protective of human health and the environment. 

6.12.3 Implementability 

NAPL and other waste material (e.g., soil, sludge) containing PCBs have 

been properly disposed of off-site during past remedial efforts conducted 

at Harmon Yard. This technology is therefore implementable. 
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6.22.4 Evaluation Summary 

This technology, used in conjunction with one of the NAPL removal 

technologies evaluated earlier in this section, would be implementable 

and would effectively address the NAPL remedial action objectives. As a 

result, this technology has been retained for use in developing the 

remedial action alternatives evaluated in Section 7.0. 

6.13 SUMMARY OF SELECTED REMEDIAL TECHNOLOGIES 

Remedial technologies were evaluated in this section to address the 

remedial action objections for NAPL located around the former lagoon. 

The following technologies were evaluated to address the general 

response actions discussed in Section 5.2.1.5 that were developed for 

NAPL around the former lagoon: 

GENERAL 

RESPONSE 

ACTION 

TREATMENT TECHNOLOGY 

Containment: • access restrictions 
• use restrictions 

Removal: • NAPL-only recovery 
• total fluids recovery 
• vacuum enhanced NAPL recovery 
• NAPL removal with ground water depression 
• NAPL recovery wells 
• NAPL recovery trenches 
• excavation with off-site disposal 

Treatment: • biosparging polishing for residual OU-II NAPL 
Disposal: • off-site disposal of OU-II NAPL 

These technologies were evaluated using the following three criteria: (1) 

ability to meet remedial action objectives; (2) short-term and long-term 

effectiveness; and (3) implementability. The results of this technology 

evaluation are summarized in Table 6-1. As shown on Table 6-1,10 of the 

ERM-NORTHEAST 6-65 F:\...\MNCROUII\FS TEXT\SECT_6.DOC 

file://TEXT/SECT_6.DOC


11 technologies evaluated in this section were retained for use in 

developing the remedial action alternatives evaluated in Section 7.0. 

Total fluids recovery was eliminated from further consideration since: (1) 

the technology would not be more effective than NAPL removal with 

ground water depression; and (2) there are a number of key technical and 

regulatory problems associated with the use of total fluids recovery. Since 

total fluids recovery offers no advantages over NAPL removal with 

ground water depression and might lead to greater environmental 

impacts, this technology was eliminated from further consideration as a 

NAPL removal approach at the OU-II Site. Therefore, this technology was 

not used to develop the remedial action alternatives evaluated in Section 

7.0. 

Section 6.7 discusses the fact that NAPL removal with ground water 

depression may remove more NAPL and at a faster rate than NAPL-only 

removal can achieve if the possible technical and regulatory problems 

discussed in Section 6.7.3 can be overcome. In addition, comments from 

the NYSDEC on a draft version of this feasibility study included a 

requirement that NAPL removal with ground water depression be used to 

develop a remedial action alternative. Since ground water depression may 

remove more NAPL and at a faster rate than other technologies evaluated 

in this feasibility study and in response to a regulatory requirement that 

this technology be evaluated for use at the OU-II Site, NAPL removal with 

ground water depression has been retained for use in developing the 

remedial action alternatives evaluated in Section 7.0. 

The primary disadvantages associated with two of the NAPL removal 

technologies evaluated in this section (i.e., total fluids recovery and NAPL 

removal with ground water depression) are the technical and regulatory 

requirements related to extraction, treatment and discharge of ground 

water, some or all of which may, after pumping, contain PCBs. The need 
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to extract, treat and discharge ground water is an integral part of both of 

these technologies. Other disadvantages associated with these more 

aggressive technologies are: (1) the fact that these technologies are likely 

to create discontinuous NAPL layers that are difficult to identify and 

subsequently remove; and (2) the fact that these technologies would lower 

the water table, forming a zone of residual NAPL saturation that neither 

of these technologies could remove. 

In addition to the selected NAPL remedial technologies, ground water 

monitoring and natural sediment deposition would also be incorporated 

into remedial action alternatives for the Site. With the exception of the No 

Action Alternative, ground water monitoring and sediment deposition 

would be included as Common Actions in all the remedial action 

alternatives developed in Section 7.0. Refer to the beginning of this 

section (i.e., Section 6.0) for a discussion of why a full evaluation of 

ground water monitoring and natural sediment deposition was not 

needed. 

Ground water monitoring wells are a proven method to characterize 

ground water and determine the concentration of chemicals in ground 

water. As discussed in Section 5.2, it is very unlikely that the 

concentrations of chemicals of concern in OU-II ground water would 

increase significantly in the future. However, ground water monitoring 

wells have been included as a Common Action in all the remedial action 

alternatives evaluated in Section 7.0 in order to ensure that ground water 

migrating off-site does not pose unacceptable risks to human health or the 

environment in the future. The assessment of the potential risks associated 

with current ground water quality that was presented in Section 4.4 

concluded that ground water does not at the present time pose any 

unacceptable risks to human health or the environment under current or 

future land use scenarios. 
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As discussed in Section 5.3.2.4, the remedial action objective for OU-II 

Croton Bay sediment is to permit natural attenuation, defined in this case 

as the continued deposition of additional sediment in this area from the 

Hudson River and adjacent surface water bodies, to address the potential 

unacceptable risks posed by OU-II Croton Bay sediment. To accomplish 

this task, natural sediment deposition was identified as the remedial 

approach for OU-II Croton Bay sediment. 

As discussed in Section 5.3.2, there are no other viable remedial 

approaches that are available to address the constituents found in OU-II 

Croton Bay sediment. In addition, Sections 4.3 and 5.3.2 discuss the fact 

that the OU-II sediment data suggests that the presence of these chemicals 

in OU-II sediment are related to several sources, such as the former 

wastewater treatment outfall from Harmon Yard, the Croton Point 

Landfill and the Croton River. Since the Croton Bay sediment samples 

were collected and analyzed as part of the 1994 and 1995 OU-II remedial 

investigation, the former wastewater equalization lagoon has been 

remediated and the source of PCBs and other lagoon-related constituents 

have been removed. 

Metro-North is also currently working with the NYSDEC and the 

Westchester County Department of Public Works to divert Harmon Yard 

wastewater away from Croton Bay and the Hudson River to the Ossining 

wastewater treatment plant. Natural sediment deposition was selected as 

the remedial approach for Croton Marsh in the NYSDEC Croton Point 

Landfill ROD (NYSDEC, 1993c). Croton Marsh is located adjacent to the 

OU-II Croton Bay sediment area. Consequently, an evaluation of 

additional technologies to address sediment in Croton Bay was not 

needed. A detailed description of these Common Actions is provided in 

Section 7.1 
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In summary, the following remedial technologies were retained for use in 

developing the remedial action alternatives evaluated in Section 7.0: 

Access Restrictions; 
Use Restrictions; 

. NAPL-Only Recovery; 
Vacuum Enhanced NAPL Recovery; 
NAPL Removal with Ground Water Depression; 

. NAPL Recovery Wells; 
NAPL Recovery Trenches; 
Biosparging as a NAPL Polishing Technology; 
Excavation and Off-site Disposal; 

. Off-site Disposal of OU-II NAPL; and 
Ground Water Monitoring in the Vicinity of the Former Lagoon; and 
Natural Sediment Deposition for OU-II Croton Bay Sediment. 

Table 6-1 provides a summary of each of the NAPL remedial technologies 

that were evaluated in this section and describes: (1) whether the 

technologies would achieve the remedial action objectives; (2) the short-

term and long-term effectiveness of the technologies; and (3) the 

implementability concerns related to each technology, if any. Table 6-1 

also identifies which technologies have been retained for use in 

developing the remedial action alternatives evaluated in Section 7.0 and, 

for the technology that was eliminated from further consideration, i.e., 

total fluids recovery, summarizes the reasons this technology was not 

used in developing remedial action alternatives. 
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7.0 DESCRIPTION AND EVALUATION OF REMEDIAL ACTION 

ALTERNATIVES 

As discussed in Section 5.0, remedial action objectives were identified for 

the two media of interest at the Site, OU-II NAPL and OU-II Croton Bay 

sediment. Section 6.0 evaluated ten remedial action technologies for OU-II 

NAPL. Of these ten technologies, eight technologies, which can be used to 

address the remedial action objectives for NAPL located around the 

former lagoon (i.e., OU-II NAPL), were selected for use in this section to 

develop remedial action alternatives. They are: 

1. Access Restrictions; 
2. Use Restrictions; 
3. NAPL-Only Recovery; 
4. NAPL Recovery with Ground Water Depression; 
5. Vacuum Enhanced NAPL Recovery; 
6. NAPL Recovery Wells and Trenches; 
7. Biosparging as a NAPL Polishing Technology; 
8. Excavation and Off-site Disposal; 
9. Off-site NAPL Disposal. 

Each of these technologies generally satisfies some but not all of the 

remedial action objectives defined in Section 5.0 for OU-II NAPL. These 

technologies have been combined in this section to form comprehensive 

approaches (i.e., remedial action alternatives) to adequately satisfy the 

OU-II NAPL remedial action objectives. 

As discussed in Section 5.2.2.4, the remedial action objective for OU-II 

Croton Bay sediment is to permit natural attenuation, defined in this case 

as the continued deposition of additional sediment in this area from the 

Hudson River and adjacent surface water bodies, to address the potential 

unacceptable risks posed by OU-II Croton Bay sediment. To address this 

remedial action objective, natural sediment deposition has been identified 

as the remedial approach for OU-II Croton Bay sediment. 
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In addition to the above remedial technologies and approaches identified 

for the Site medial of interest, ground water monitoring will also be used 

to develop remedial action alternatives for the Site. Ground water 

monitoring will be included in the development of remedial action 

alternatives to ensure that ground water migrating off-site does not pose 

unacceptable risks to human health or the environment in the future. The 

assessment of the potential risks associated with current ground water 

quality that was presented in Section 4.4 concluded that ground water 

does not at the present time pose any unacceptable risks to human health 

or the environment under current or future land use scenarios. As 

discussed in Section 4.2, ground water monitoring included in remedial 

action alternatives also ensures that the concentrations of OU-II NAPL 

constituents that may dissolve into ground water do not reach levels that 

would pose unacceptable risks to human health or the environment. 

The eight remedial action technologies selected in Section 6.0 for OU-II 

NAPL, the remedial approach identified for OU-II Croton Bay sediment in 

Section 5.2.2.4 (i.e., natural sediment deposition) and ground water 

monitoring have been combined to form five comprehensive remedial 

action alternatives for the Site. The remedial action alternatives developed 

for the Site are: 

Alternative I: No Action (Section 7.2) 

Alternative II: OU-II NAPL Removal Using NAPL-Only Recovery 
Systems (Section 7.3) 

Alternative III: Excavation and Off-site Disposal of OU-II NAPL (Section 
7.4) 

Alternative IV: OU-II NAPL Removal Using NAPL Recovery With 
Ground Water Depression (Section 7.5) 

Alternative V: OU-II NAPL Removal Using Vacuum Enhanced NAPL 
Recovery (Section 7.6) 
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A summary of the remedial components for each of the alternatives 

evaluated is presented in Table 7-1. Natural sediment deposition and 

ground water monitoring are included in all five alternatives as common 

actions. A description of these common actions is presented in Section 7.1. 

Remedial action alternatives are conceptual approaches to Site 

remediation. They demonstrate how the technologies selected for the 

alternative can be used to achieve the remedial action objectives and 

provide a basis by which to estimate the potential costs associated with 

implementation of the alternative. 

In accordance with the Revised TAGM - Selection of Remedial Actions at 

Inactive Hazardous Waste Sites (NYSDEC, 1990), Guidance for Conducting 

Remedial Investigations and Feasibility Studies Under CERCLA (USEPA, 1988) 

and the National Contingency Plan (USEPA, 1990), each alternative has 

been evaluated for the following criteria: 

overall protection of human health and the environment; 
compliance with SCGs; 
long-term effectiveness and permanence; 
reduction of toxicity, mobility or volume through treatment; 
short-term effectiveness; 
implementability; and 
cost. 

An evaluation of each of these criteria for the three above-referenced 

remedial action alternatives is provided along with a description of the 

respective alternative in Sections 7.2 through 7.6. Detailed cost estimates 

for each alternative are provided in Appendix J. These are conceptual 

design cost estimates and changes in the media of interest requiring 

remediation (e.g., volume of OU-II N APL, PCB concentrations), detailed 

engineering, as well as other factors not foreseen at the time this report 

was prepared, could increase costs by as much as 50 percent or decrease 

costs by as much as 30 percent, as defined in Section 6.2.3.7 of Guidance for 
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Conducting Remedial Investigations and Feasibility Studies Under CERCLA 

(USEPA, 1988). In addition, a discount rate of seven percent was used to 

compute the present worth of annual operation and maintenance costs. 

OSWER guidance 9355.3-20 (USEPA, 1993a), in conjunction with the 

Office of Management and Budget (OMB) Circular No. A-94 (OMB, 1992), 

recommends a seven percent discount rate for estimating the present 

worth value of potential alternatives in feasibility studies for CERCLA 

sites. 

After the remedial action alternatives have been evaluated in this section, 

the preferred remedial action alternative for the Site will be selected in 

Section 8.0. This selection will be based on a comparison of the evaluation 

criteria for each of the alternatives. This comparison will be provided in 

Section 8.2. The results of this comparison and the factors considered in 

selecting a preferred remedial action alternative for the OU-II Site will 

then be provided in Section 8.3. The selected remedial action alternative 

may be modified during the remedial action design phase if the modified 

approach achieves the same level of protection to public health or the 

environment at similar or lower cost. 

7.1 COMMON A CTIONS 

There are a number of remedial actions which are logical steps in each of the 

alternatives evaluated to remediate the Site. These remedial actions are 

termed common actions and have been included in all of the remedial 

action alternatives evaluated in this feasibility study. 

The Common Actions for the Site are: 

Natural Sediment Deposition (as discussed in Section 7.1.1); and 
Ground Water Monitoring (as discussed in Section 7.1.2). 
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Common Actions are described in detail in the following sections, as noted 

above. Although the description of these components is not repeated in the 

discussions for each alternative, differences in their planned 

implementation are identified where appropriate. 

7.1.2 Natural Sediment Deposition 

This common action would entail the formation of a cover over OU-II 

Croton Bay sediment through continued deposition of additional 

sediment in this area from the Hudson River and adjacent surface water 

bodies. As discussed above and in Section 5.2.2.4, the remedial approach 

presented in this common action will address the OU-II Croton Bay 

sediment remedial action objective. In fact, natural attenuation of 

sediment was included in the selected remedy for the adjacent Croton 

Point Landfill (WCDPW, 1992b). Sediment deposition in the OU-II Croton 

Bay area occurs naturally, would not require any action and therefore, 

would not impact the remedial action sequence of work. The evaluation 

and selection of natural sediment deposition for OU-II Croton Bay 

sediment was presented in Section 5.2.2.4. 

7.2.2 Ground Water Monitoring 

Although Section 4.4 concluded that OU-II ground water does not pose 

any current or future unacceptable risks to potential receptors and it is 

very unlikely that the concentrations of chemicals of concern in OU-II 

ground water would increase significantly in the future, ground water 

discharging from the former lagoon area would be monitored to ensure 

the continued protection of human health and the environment. This 

would be accomplished by incorporating an additional perimeter well in 

the OU-II Site area into the Ground Water Monitoring Plan defined in the 

Harmon Railroad Yard Remediation Plan (ERM, 1996) that was approved 

by NYSDEC. This well would be located on-site between the former 

ERM-NORTHEAST 7-5 F:\DATA\PROJECTS\MNCROUII\FS_TEiCnSECT_7.DOC 

file://F:/DATA/PROJECTS/MNCROUII/FS_TEiCnSECT_7.DOC


lagoon and the Hudson River at the boundary of OU-II NAPL Area L4. 

The proposed location of this well is provided in Figure 7-1. The well 

location is downgradient of the former lagoon (i.e., OU-II Site) area. 

As discussed in Section 5.4 of the Remediation Plan (ERM, 1996), the • 

Ground Water Monitoring Plan currently involves: 

annual collection of ground water samples from seven ground water 
monitoring wells located along the western (i.e., downgradient) 
boundary of Harmon Yard (i.e., the perimeter wells); and 

analysis of these samples for the following four chemicals of concern 
identified for Harmon Yard ground water: benzene, toluene, 
ethylbenzene and naphthalene. 

The addition of one ground water monitoring well, which would be 

located downgradient of the former lagoon and associated OU-II NAPL 

areas, to the Harmon Yard Ground Water Monitoring Plan would increase 

the total number of perimeter wells identified for annual ground water 

sampling and analysis to eight. All sampling and analytical procedures 

identified in the previously developed Harmon Yard Ground Water 

Monitoring Plan, as well as the procedures for the evaluation of sampling 

results would be followed for this additional well. 

Although NAPL comprised of degraded diesel fuel has been observed in 

the Harmon Railroad Yard and in the vicinity of the former lagoon, the 

fingerprint analysis conducted on NAPL samples collected from these 

areas has confirmed that NAPL located in the Harmon Railroad Yard and 

around the former lagoon (i.e., OU-II NAPL) were generated from 

different sources. This is further demonstrated by the fact that the 

chemicals of concern identified for Harmon Railroad Yard ground water 

and for ground water in the vicinity of the former lagoon (i.e., OU-II 

ground water) are different. As a result, the list of chemicals for which 

ground water samples to be collected from the proposed OU-II 
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monitoring well will be analyzed for is different from the list of chemicals 

used to evaluate ground water samples to be collected from the Harmon 

Yard Ground Water Monitoring Plan wells identified in the Harmon Yard 

Remediation Plan (ERM, 1996). 

Ground water samples collected as part of the Harmon Yard Ground 

Water Monitoring Plan will be analyzed for the four chemicals of concern 

identified in the Remediation Plan (ERM, 1996) for ground water at 

Harmon Yard (i.e., not including OU-II ground water): benzene, toluene, 

ethylbenzene and xylene. The OU-II ground water monitoring samples, 

however, will be analyzed for the ground water chemicals of concern 

identified in Section 4.4 of this report based on potential risks to human 

health and on potential impacts to aquatic life. The list of OU-II ground 

water monitoring parameters is shown on Table 7-2, which used the 

information provided in Section 4.4 to identify the basis for listing each 

OU-II ground water monitoring parameters (i.e., potential risks to human 

health or potential impacts to aquatic life). 

The analytical results for the ground water samples that are to be collected 

from the seven Harmon Yard perimeter wells are to be compared to the 

ground water trigger levels developed in the Harmon Yard Remediation 

Plan (ERM, 1996) for the four Harmon Yard ground water chemicals of 

concern. Because chemicals of concern other than those identified in the 

Harmon Yard Remediation Plan have been identified for OU-II ground 

water, additional ground water trigger levels would be developed for 

these additional OU-II ground water chemicals of concern. Development 

of these trigger levels would be included in the annual operation and 

maintenance report to be submitted to NYSDEC for the Site and would 

follow the procedures identified in the Remediation Plan. 

The NYSDEC has distributed a proposed Technical and Administrative 

Guidance Memorandum (TAGM) entitled Division Policy on Regular 
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Review of Remedial Actions (NYSDEC, 1995). This document requires that 

an owner or operator of a site or a responsible party implementing a 

remedy at a site listed on the New York State Registry of Inactive 

Hazardous Waste Sites submit a report on the operation, maintenance and 

monitoring of the site. These annual reports are only required for sites 

where the concentrations of site-related chemicals do not allow unlimited 

use and unrestricted exposure. At a minimum, a one page annual review 

certification or a written annual report is to be completed once a year. 

Since the Harmon Railroad Yard Wastewater Treatment Area (NYSDEC 

Site Number 3-60-010) is listed on the Registry of Inactive Hazardous 

Waste Disposal Sites and unlimited use and unrestricted access to this 

area, in particular to the sheeting and cover components of the OU-I 

remedy for the former lagoon area, will not be allowed, Metro-North will 

be required to submit an annual report on operation, maintenance and 

monitoring. 

The trigger levels would represent the maximum allowable ground water 

concentration of chemicals of concern in OU-II ground water that can 

migrate off-site without posing unacceptable risks to human health and 

the environment. Consequently, compliance with the trigger levels would 

ensure that OU-II ground water migrating past the Harmon Yard 

property boundary to off-site receptors does not pose unacceptable risks 

to human health or the environment. To determine these trigger levels for 

the OU-II ground water monitoring perimeter well, the maximum 

allowable concentration of chemicals of concern in OU-II ground water for 

the following four potential exposure pathways identified in Section 4.4 

would be determined: 

inhalation of volatilized chemical in indoor air; 

discharge of ground water to surface water and subsequent direct 
contact with recreational swimmers; 
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discharge of ground water to surface water and human ingestion of 
fish; and 

discharge of ground water to surface water and impacts to aquatic life. 

The most stringent of the maximum allowable concentrations for each of 

these available exposure pathways for the three additional chemicals of 

concern in OU-II ground water as listed in Table 7-2 would be adopted as 

the ground water trigger levels for the OU-II ground water monitoring 

perimeter well. Evaluation of the sampling results for the OU-II perimeter 

monitoring well, as well as implementation of corrective actions in the 

unlikely event that the trigger levels are exceeded, would follow the 

procedures identified in Section 5.0 of the Remediation Plan (ERM, 1996). 

7.2 ALTERNATIVE I: NO ACTION 

The NYSDEC Inactive Hazardous Waste Disposal regulations at 6 NYCRR 

Part 375-1.10(c) state that a remedial program for a site listed on the New 

York State Registry of Inactive Hazardous Waste Disposal Sites, such as 

the OU-II Site, must not be inconsistent with the National Contingency 

Plan (NCP, 1990). Section 300.430(e)(6) of the NCP recommends 

describing and evaluating a no action alternative as a measure of 

identifying the potential problems posed by a site if no remedial actions 

were to be implemented. In response, Alternative I: No Action, is 

described and evaluated in this section. 

7.2.1 Description 

Under the No Action alternative, existing access restrictions discussed in 

Section 6.2 (e.g., soil covers in the OU-II NAPL areas) would not 

necessarily be maintained. In addition, the existing use restrictions 

employed by Metro-North for subsurface construction projects at Harmon 

Yard would not necessarily be maintained and the procedures currently 
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being developed for the Site as part of the Environmental Studies project 

(i.e., BMPs), as discussed in Section 6.3, would not be implemented. These 

are unlikely scenarios and they are considered here solely to evaluate the 

possible consequences of a no action alternative, as required by the NCP 

(NCP, 1990). In addition, no actions would be taken to remove or contain 

OU-II NAPL under this alternative. However, this alternative presumes 

that natural sediment deposition in the OU-II Croton Bay sediment area, 

as defined in Section 7.1.1, would continue to occur. 

In response to a request from the NYSDEC, ground water and NAPL 

monitoring programs have been incorporated into the No Action 

alternative. The ground water monitoring program would consist of the 

ground water sampling and analysis work defined as a common action in 

Section 7.1.2. As discussed in Section 7.1.2, this work would include the 

installation of an additional ground water monitoring well and the 

collection and analysis of ground water samples from this well on an 

annual basis. 

The NAPL monitoring program included in this alternative would consist 

of the collection of NAPL thickness measurements semi-annually in the 

wells that were installed at the OU-II Site as part of the OU-II remedial 

investigation. The condition of these wells was evaluated in December 

1996. At that time, there were 53 wells at the Site that could be used in the 

NAPL monitoring program for this alternative. 

As part of this NAPL monitoring program, each well would be opened 

and a determination made as to whether NAPL was present. If NAPL is 

present in a well, an interface probe or similar instrument would be used 

to measure the depth from the top of the well casing to: (1) the surface of 

the NAPL layer; and (2) the surface of the water table. Typically, these 

measurements are accurate to the nearest 0.01 feet. The thickness of the 

NAPL layer in each well would be defined as the difference between these 
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two measurements. The interface probe or similar instrument would be 

properly decontaminated after collecting depth measurements from each 

well. 

The NAPL thickness measurements would be collected semi-annually. 

The data would be tabulated each year and a plan of the Site showing the 

thickness of NAPL throughout the Site would be prepared. These NAPL 

thickness Site plans would be similar to Figures 5-1 through 5-4, which 

depict NAPL thickness measurements collected during the OU-II remedial 

investigations. This information would be included in an annual report to 

be submitted to the NYSDEC. The NAPL monitoring program would only 

assess Site conditions and would not constitute a remedial action for the 

Site. This is consistent with statements made in this feasibility study that 

no remedial actions would be conducted at the Site under Alternative I 

(No Action). 

The NAPL monitoring program that would be conducted if Alternative I 

(No Action) were selected for the Site would be performed for 30 years. A 

30 year period was conservatively assumed based on the 30 year post-

closure care period required for RCRA solid and hazardous waste units 

under federal regulation 40 CFR 264.117. However, RCRA (40 CFR 

264.117(c)) also allows for a reduction in the 30-year time period based on 

site conditions at that time. 

7.2.2 Evaluation 

In accordance with NYSDEC guidance for the selection of remedial action 

alternatives at inactive hazardous waste sites (NYSDEC, 1990), USEPA 

RI/FS guidance (USEPA, 1988) and Section 300.430 of the NCP, this 

alternative is evaluated for the seven criteria listed in Section 7.0. 
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Overall Protection of Human Health and The Environment 

This alternative would not address the remedial action objectives for 

NAPL around the former lagoon. Specifically, off-site migration of OU-II 

NAPL would not be prevented, OU-II NAPL would not be removed and 

possible direct contact with OU-II NAPL would not be prevented. As 

discussed in Section 4.2, OU-II NAPL does not at the present time pose 

any unacceptable risks to human health or the environment. However, 

there is a remote possibility that OU-II NAPL or OU-II NAPL constituents 

dissolved in ground water could migrate and pose unacceptable risks to 

receptors or that the soil that currently overlies OU-II NAPL would be 

removed and OU-II NAPL would be encountered by construction 

workers. Although these are extremely remote exposure scenarios, the 

potential risks these unlikely exposures would pose are at least 

theoretically possible. In essence, the continued presence of OU-II NAPL 

theoretically poses potential risks to human health and the environment if 

it is not contained or removed. The No Action alternative does not 

provide for maintaining the existing soil cover or for actively removing or -

containing OU-II NAPL. The ground water and NAPL monitoring that 

would be performed as part of this alternative would assess 

environmental conditions but they are not remedial actions and would not 

address the remedial action objectives for OU-II NAPL. As a result, the No 

Action alternative would not provide an adequate level of protection to 

human health and the environment and would not adequately address the 

remedial action objectives for OU-II NAPL at the Site. 

As discussed in Section 5.2.2.4, the only viable remedial alternative for 

OU-II Croton Bay sediment that would achieve the remedial action 

objective for sediment is natural attenuation, defined for this area as the 

continued deposition of additional sediment in this area from the Hudson 

River and adjacent surface water bodies. This remedial approach has been 

selected to address the potential unacceptable risks posed by OU-II 
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Croton Bay sediment to human health and to aquatic life. This alternative 

includes natural sediment deposition as defined in Section 7.1.1 and, as a 

result, would adequately address the remedial action objectives for OU-II 

Croton Bay sediment. 

Compliance with SCGs 

Table 5-1 listed the potential federal and state regulatory requirements 

which may be applicable or relevant and appropriate to remedial actions 

at the Site. While the majority of these SCGs and TBCs apply to actions 

which are not proposed under this alternative, regulatory requirements 

for the removal of OU-II NAPL would apply to this alternative. 

As discussed in Section 4.2.4 with respect to the remedial action objectives 

for OU-II NAPL and in Section 5.2.1.4 with respect to the regulatory 

requirements for OU-II NAPL, the need to address the potential risks 

related to OU-II NAPL is defined in the following federal regulations, 

New York State statutes and NYSDEC decision documents: 

• The ROD for OU-I (NYSDEC, 1992); 

Article 12 of the New York State Navigation Law (New York Oil Spill, 
Control, and Compensation Act, Article 12 of the New York State 
Navigation Law, New York Consolidated Laws Service, 1977); and 

• The National Contingency Plan (NCP, 1990). 

The 1992 ROD for OU-I (NYSDEC, 1992) concludes on page 7 that there is 

a risk that OU-II NAPL present above the water table around the former 

lagoon area could migrate to surface water (i.e., the Hudson River) and 

establishes the collection of NAPL for off-site treatment as a goal of the 

remedial actions to be taken pursuant to the ROD. The ROD relies on 

these actions as a justification for the ability of the selected remedial 

actions to protect human health and the environment. The ROD (page 17) 
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states that risks posed by- the Site, such as the possibility that chemicals 

related to the lagoon will migrate to off-site areas and to the Hudson 

River, will be eliminated by, among other things, recovering "free product 

to the extent practical to further eliminate the potential threat to ground 

water." As a result, the removal of NAPL from the four areas located 

around the former lagoon is a key requirement of the OU-I ROD 

(NYSDEC, 1992). 

This requirement is consistent with NYSDEC policies and procedures 

requiring that NAPL be removed from subsurface areas to the extent 

practical. The NYSDEC is authorized to pursue this goal of NAPL removal 

by the New York Oil Spill, Control, and Compensation Act, Article 12 of 

the New York State Navigation Law, New York Consolidated Laws 

Service, 1977, as amended. Section 176 (3) of this statue requires that any 

unexplained discharge of petroleum within state jurisdiction shall be 

removed by or under the direction of the NYSDEC. Section 176(4) of this 

statute also provides that cleanup and removal of petroleum and actions 

to minimize damage from a discharge of petroleum shall be implemented, 

to the greatest extent possible, in accordance with the National 

Contingency Plan (NCP) for removal of oil and hazardous substances 

(NCP, 1990). The NCP at 40 CFR 300.320(a)(4)(i) requires that the cleanup 

of a discharge be fully sufficient to minimize or mitigate threats to public 

health and welfare and the environment. The NCP states at 40 CFR 

300.310(b) that appropriate actions shall be taken to recover the oil and 

mitigate its effects. The NCP also states at 40 CFR 300.310(c) that oil and 

chemicals in recovered oil that are removed during cleanup be disposed of 

properly. 

To summarize, removal of OU-II NAPL is required by the following: (1) 

the 1992 ROD for OU-I; (2) Article 12 of the New York State Navigation 

Law; and (3) the NCP at 40 CFR 300, Subpart D (Operational Response 

Phases for Oil Removal). The No Action alternative does not provide for 
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the removal or containment of OU-II NAPL and, as a result, does not 

comply with these regulatory or statutory requirements. 

The majority of the remaining SCGs and TBCs contained in Table 5-1 

define responsibilities for hazardous waste treatment, storage and 

disposal. Since this alternative (i.e., No Action) does not include recovery 

or disposal of this material, these remaining SCGs and TBCs are not 

applicable or relevant and appropriate to this alternative. However, the 

SCG listed on Table 5-1 pertaining to sediment, i.e., the New York State 

Technical Guidance for Screening Contaminated Sediment (NYSDEC, 

1993a), applies to OU-II Croton Bay sediment. As discussed in Section 4.3, 

this SCG was used to identify the potential risks posed by chemicals in 

OU-II Croton Bay sediment. Natural sediment deposition, defined in 

Section 7.1.1, addresses the potential risks for this environmental media 

that were identified based on this SCG. 

Long Term Effectiveness and Permanence 

Long-term effectiveness and permanence is measured by the magnitude of 

the residual risk and the adequacy and reliability of controls. Under this 

alternative, OU-II NAPL would be monitored but would not be removed 

or contained and additional measures to ensure that the soil overlying 

OU-II NAPL is not disturbed would not be implemented. As discussed in 

Section 7.2.2.1, the possibility that OU-II NAPL or NAPL constituents 

could pose unacceptable risks to human health or the environment is at 

least theoretically possible. As a result, the long-term effectiveness and 

permanence of the No Action alternative would not adequately address 

the very unlikely but theoretically possible risks posed by OU-II NAPL. 

Natural sediment deposition, however, is a component of the No Action 

Alternative. The NYSDEC concluded, with respect to sediment in Croton 

Bay impacted by the adjacent Croton Point Landfill, that the long-term 
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effectiveness and permanence of natural sediment deposition, as 

measured by the residual risk and the adequacy and reliability of this 

approach, would be acceptable. This conclusion is also applicable to OU-II 

Croton Bay sediment. 

Reduction of Toxicity, Mobility or Volume 

Under the No Action Alternative, some natural biodegradation would 

occur in the OU-II NAPL areas, thereby reducing to some extent the 

volume of OU-II NAPL. As a result, the No Action alternative would have 

no effect on the current toxicity or mobility of OU-II NAPL and would 

have only a minimal effect on the volume of OU-II NAPL. 

Similarly, natural sediment deposition in the OU-II Croton Bay sediment 

area would have no affect on the toxicity or volume of chemicals in this 

sediment. However, the mobility of chemicals in OU-II Croton Bay 

sediment would be reduced as sediment from adjacent surface water 

bodies covers and contains OU-II Croton Bay sediment. 

Short-Term Effectiveness 

This alternative includes ground water and NAPL monitoring but does 

not include the implementation of remedial actions. As discussed in 

Section 4.2, OU-II NAPL does not at the present time pose any 

unacceptable risks to human health or the environment. As a result, there 

are no short term effects associated with the No Action alternative. In 

addition, there are no short-term effects from natural sediment deposition. 

Imp lemen tability 

This alternative includes ground water and NAPL monitoring but does 

not include the implementation of remedial actions. Ground water and 
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NAPL monitoring are proven technologies that are commonly used at 

inactive hazardous waste and petroleum discharge sites. As a result, there 

are no implementability concerns posed by this alternative. This 

alternative would not prevent additional remedial actions to be taken, if 

needed. 

Cost 

The total present worth cost of Alternative I (No Action) is approximately 

$104,240. The only capital costs are for the installation of a ground water 

monitoring well. The total capital costs are approximately $2,900. The 

majority of costs for this alternative are related to the semi-annual NAPL 

thickness measurements and the annual ground water monitoring tasks. 

The total annual costs are approximately $7,000. The present worth of 

these annual monitoring costs was computed using a 30 year monitoring 

period and a discount rate of 7% in accordance with Revisions to OMB 

Circular A-94 on Guidelines and Discount Rates for Benefit Cost Analysis, 

OSWER Directive 9355.3-20, 25 June 1993 (USEPA, 1993a). A10% 

contingency factor was used for NAPL monitoring and a 25% contingency 

factor was used for ground water monitoring. NAPL monitoring is not a 

complicated task and, as a result, a reduced contingency factor was used 

for this work. 

The 30 year ground water and NAPL monitoring period for this 

alternative was based on the 30 year post-closure care period required for 

RCRA solid and hazardous waste units under federal regulations 40 CFR 

264.117. However, RCRA (40 CFR 264.117(c)) allows for a reduction in the 

30 year time period based on site conditions. 

A detailed description of the Alternative II cost estimates is provided in 

Appendix J. 
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ALTERNATIVE II: OU-IINAPL REMOVAL USING NAPL-ONLY 

RECOVERY SYSTEMS 

Description 

Alternative II would entail NAPL removal from the four identified OU-II 

NAPL areas using recovery wells and a recovery trench equipped with 

NAPL-only recovery systems. This alternative consists of the following 

technologies: 

1. Common Actions, as discussed in Section 7.1, including: 
Natural Sediment Deposition (Task No. 1); and 
Ground Water Monitoring (Task No. 2). 

2. Access Restrictions and Use Restrictions (Task No. 3). 

3. NAPL-Only Removal, including: 
Site Preparation (Task No. 4); 
Installation of NAPL-Only Recovery Systems (Task No. 5); 
Off-site Disposal of Waste Generated During Trench 
Construction and Well Installation (Task No. 6); 
Site Restoration (Task No. 7); 
Operation of NAPL-Only Recovery Systems (Task No. 8); 

. Off-site Disposal of Recovered OU-II NAPL (Task No. 9); and 
• NAPL-Only Removal System Pilot Test (Task No. 10). 

4. Biosparging at Completion - Optional (Task No. 11) 

The pilot test of the NAPL-only removal system to be used in this 

alternative would be performed before the design, construction and 

operation of this alternative would begin. It is presented here as Task 10 

(Section 7.3.1.10), which follows the description of the key components of 

this alternative, so that the reader has an understanding of the scope of 

work proposed for this alternative and the information needed to design 

this system that would be generated by the pilot test. As discussed in 

Section 7.3.1.10, a pilot test of NAPL-only removal has been included in 

this alternative in response to comments from the NYSDEC. The NYSDEC 

has stated that a pilot test to demonstrate the feasibility and acceptability 
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of NAPL-only removal would be needed for the agency to consider this 

alternative as a method to address OU-II NAPL. 

The common actions are described in general in Section 7.1. The specific 

actions and the sequence of work required to implement all of the 

components of this alternative are described below. A summary of the 

remedial components of this alternative is presented in Table 7-1. 

Design (including pre-design studies), construction, installation and an 

initial start-up period for the OU-II NAPL removal components defined in 

this alternative can be completed and full-scale operation can begin within 

one to two years from the approval by the NYSDEC of a Remedial Design 

and Remedial Action Work Plan. A Remedial Design and Remedial 

Action Work Plan is typically required by the NYSDEC following the 

selection of a remedial action approach in a NYSDEC record of decision. 

The specific schedule for implementation of this alternative would be 

defined in the Remedial Design and Remedial Action Work Plan. 

7.3.1.1 Task No. 1: Natural Sediment Deposition (Common Action) 

As discussed in Section 5.2.2.4, 6.0 and 7.1.1, natural sediment deposition 

would be ongoing at the Site and therefore would not impact the remedial 

action sequence of work. Natural sediment deposition is defined in this 

case as the continued deposition of additional sediment in the OU-II 

Croton Bay sediment area from the Hudson River and adjacent surface 

water bodies. 

7.3.1.2 Task No. 2: Ground Water Monitoring (Common Action) 

As discussed in Section 7.1.2, this common action would involve 

incorporating an additional ground water monitoring well into the Harmon 

Yard Ground Water Monitoring Plan that was defined in the Harmon 
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Yard Remediation Plan (ERM, 1996). The Harmon Yard Remediation Plan has 

been approved by the NYSDEC. The Harmon Yard Ground Water 

Monitoring Plan provides for the collection and analysis of ground water 

samples on an annual basis. As discussed in Section 7.1.2, maximum 

concentrations (i.e., trigger levels) for the OU-II ground water chemicals of 

concern identified on Table 7-2 would be developed based on the 

procedures used in the Harmon Yard Remediation Plan (ERM, 1996) to 

develop Harmon Yard ground water trigger levels. The analytical results 

and the ground water trigger levels for OU-II ground water would be 

presented in the annual Site operation, maintenance and monitoring 

report to be submitted to NYSDEC. The need for and contents of this 

annual report was discussed in Section 7.1.2. This common action would 

not impact the remedial action sequence of work 

7.3.1.3 Task No. 3: Access Restrictions and Use Restrictions 

Access restrictions would prevent direct contact exposures to OU-II NAPL 

that is present on the water table around the former lagoon. Currently, all 

four OU-II NAPL areas are overlain with 6 to 19 feet of soil. As discussed 

in Section 5.0 and shown on Figures 5-1 through 5-4, all but a negligible 

portion of the OU-II NAPL is located on-site, i.e., within the Harmon Yard 

property boundary. As shown on Figures 5-2 and 5-3, OU-II NAPL Areas 

L2 and L3 are located entirely within the boundaries of Harmon Yard. 

Access restrictions for the OU-II NAPL areas would be accomplished by 

maintaining the soil that overlays this OU-II NAPL, by maintaining the 

general Harmon Yard access restrictions and the land use restrictions 

required by the OU-I remedial actions and by maintaining the existing 

fence around the former lagoon area. 

Use restrictions would involve limiting certain activities at the Site in 

order to minimize the potential for direct contact with subsurface OU-II 

NAPL. Use restrictions for this Site would include: restricting subsurface 
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work (e.g., construction, utility repair or installation) and prohibiting the 

installation of water supply wells in or affected by the OU-II NAPL areas. 

As discussed in Section 6.3, Metro-North's existing Harmon Yard 

construction practices and the BMPs currently being developed for Metro-

North as part of the Environmental Studies Project would be used to 

maintain control over subsurface activities at the Site and prohibit the 

installation of water supply wells in or affected by the OU-II NAPL areas. 

Access and use restrictions would be ongoing at the Site. These activities 

would be conducted as part of Site operations and would be reported as 

part of the annual Site operation, maintenance and monitoring report to be 

submitted to the NYSDEC, as discussed in Section 7.1.2. As a result, this 

task would not impact the remedial action sequence of work. 

7.3.1.4 Task No. 4: Site Preparation 

Site Preparation would entail removing the Site border fencing in OU-II 

NAPL Area LI and removing existing vegetation located in areas along the 

fence lines in OU-II NAPL Areas LI and L4. This work would be needed to 

allow drilling, excavation and other construction equipment access to OU-II 

NAPL Areas LI and L4. Regrading may also be conducted in OU-II NAPL 

Area L4 to allow drilling equipment access to this area. 

7.3.1.5 Task No. 5: Installation of OU-II NAPL Recovery Systems 

Separate OU-II NAPL recovery systems would be installed in each of the 

four OU-II NAPL areas. The location of the proposed OU-II NAPL recovery 

wells for all four OU-II NAPL areas and the location of the proposed NAPL 

recovery trench in OU-II NAPL Area LI were determined based on the 

extent of OU-II NAPL in each of the four OU-II NAPL areas. The proposed 

locations for the wells and trench to be used in this remedial action 

alternative to recover OU-II NAPL are shown for all four OU-II NAPL 
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areas on Figure 7-1. The rationale used to locate the OU-II NAPL recovery 

wells and trench is described below. The spatial layout of the OU-II NAPL 

recovery wells and trench is designed to collect and recover the OU-II 

NAPL that is present within the 0.0 foot NAPL contour line discussed in 

Section 5.2.1.1 and previously shown on Figures 5-1 through 5-4. This is a 

conservative approach, since, as described below, OU-II NAPL may not 

actually be present in some of the outer sections of OU-II NAPL Areas LI 

and L4. 

As discussed in Section 5.2.1.1, the 0.0 foot contour line was determined 

based on the location of wells where NAPL has not been observed. In 

some cases, these wells are located 30 to 50 feet away from a well where 

NAPL has been observed. As a result, there may not be any NAPL in the 

areas between these two wells. Nevertheless, this conservative approach 

to NAPL removal is designed to collect to the extent practical the OU-II 

NAPL that is present and that can be recovered within each of the four 

OU-II NAPL areas. 

The cost estimate presented in Section 7.3.2.7 assumes that all of the OU-II 

NAPL recovery wells proposed for use in this remedial action alternative 

would be 4-inch diameter wells installed specifically for this purpose. 

However, a number of the existing OU-II NAPL monitoring wells 

installed in this area are 4-inch diameter wells and may be used for OU-II 

NAPL recovery. The OU-II NAPL recovery wells would be installed 5 to 

10 feet below the water table to enable the use of a wide range of NAPL-

only recovery systems. Each OU-II NAPL recovery well would be 

constructed with a vault at ground surface to provide access to the OU-II 

NAPL-only recovery equipment to be installed within each OU-II NAPL 

recovery well. Well vaults used for this purpose are typically 3 feet deep 

by 3 feet wide by 3 feet long. 
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N APL-only recovery systems would be installed in each of the OU-II 

NAPL recovery wells to be installed as part of this remedial action 

alternative. These systems were described in Section 6.4 and evaluated 

with respect to other NAPL removal systems. NAPL-only recovery 

systems described in Section 6.4 use either canister collection systems or 

NAPL-only pumps equipped with NAPL and water interface sensors. 

The final location of the OU-II NAPL recovery wells, the NAPL recovery 

trench (for NAPL Area LI) and the use of the existing monitoring wells 

for OU-II NAPL recovery would be determined during final design. 

Overall, the conceptual design of the NAPL-only recovery systems that 

would be installed if this alternative were implemented consists of the 

installation of the following equipment: 

15 NAPL-only recovery wells; 

a NAPL-only recovery trench in OU-II NAPL Area LI; 

three above ground NAPL storage tanks to be used to collect OU-II 
NAPL removed by the NAPL-only recovery equipment; 

piping to connect the NAPL-only recovery equipment to the above 
ground NAPL storage tanks; and 

electrical and system control conduits and control panels. 

As discussed in Section 7.3.1.8 with respect to the operation of this system, 

some or all of the existing NAPL monitoring wells used during the OU-II 

remedial investigation may be used in the future to recover NAPL. The 

NAPL recovery pumps and control systems would be removed from an 

initial recovery well if the well fails to remove a measurable amount of 

NAPL (e.g., less than 0.1 gallons per day) over a three month period. The 

NAPL recovery pump and control system would then be moved from this 

initial NAPL recovery well to an existing NAPL monitoring well where an 

appreciable amount of NAPL (e.g., greater than 0.5 feet) is present. This 
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will enable the system to remove NAPL from all sections of each OU-II 

NAPL area where NAPL has been observed. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

An ambient air monitoring program that would measure the 

concentration of particulates in ambient air in the work zone and at the 

perimeter of the OU-II Site would be implemented during the 

construction of the N APL-only recovery trench that would be installed in 

OU-II NAPL Area LI. This ambient air monitoring program would be 

designed in accordance with the NYSDEC TAGM HWR-89-4031 entitled 

"Fugitive Dust Suppression and Particulate Monitoring Program at 

Inactive Hazardous Waste Sites" (NYSDEC, 1989a). 

The specific components and construction methods considered in this 

alternative for use in each of the four OU-II NAPL areas are described 

below. 

OU-II NAPL Area LI 

As shown on Figure 5-1, OU-II NAPL Area LI covers approximately 

11,900 square feet and, as discussed in Section 5.2.1.1, contains 

approximately 26,700 gallons of OU-II NAPL. As shown on Figure 7-1, the 

NAPL removal approach to be used in this remedial action alternative for 

OU-II NAPL Area LI consists of three OU-II NAPL recovery wells that 

would be installed within a NAPL recovery trench and two additional 

OU-II NAPL recovery wells to be installed upgradient of the NAPL 

recovery trench. As discussed in Section 5.2.1.1, the northwest boundary 

of OU-II NAPL Area LI is also the approximate location of the Harmon 
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Yard property boundary in this area. None of the off-site monitoring wells 

located adjacent to this area contained OU-II NAPL and the soil 

compaction used to construct the adjacent perimeter road is believed to 

provide a barrier to off-site migration of this OU-II NAPL. In response, 

this remedial action alternative would include the installation of a NAPL 

recovery trench along the 150 foot length of the OU-II NAPL Area LI 

boundary that is coincident with the Harmon Yard property boundary. 

Figure 7-2 presents a cross-sectional view of the NAPL recovery trench 

proposed for use in this alternative along the northwest boundary of OU-

II NAPL Area LI. The trench would be constructed to be approximately 

two feet wide, approximately 150 feet long and approximately 16 feet 

deep. In addition, four well holes approximately 25 feet deep would be 

excavated within the trench to accommodate the three OU-II NAPL 

recovery wells and the OU-II ground water monitoring well to be 

installed within the trench. The lower part of this trench would be filled 

with crushed stone to facilitate the collection of OU-II NAPL from this 

NAPL area. The lowest elevation of the water table in this area has been 

measured at approximately 0.6 feet above mean sea level. The gravel 

portion of the recovery trench, as shown on Figure 7-2, would extend 

from 7 feet above mean sea level to approximately 2 feet below mean sea 

level. This would provide a nine foot thick gravel-filled NAPL collection 

layer situated both above and below the water table in this area. Since OU-

II NAPL is less dense than water, it is always found above the water table. 

As a result, the proposed 9 foot depth of the gravel filled NAPL collection 

layer would be more than adequate to intercept OU-II NAPL at whatever 

elevation the water table may be. 

The surface elevation where the OU-II NAPL Area LI trench is proposed 

is approximately 14 feet above mean sea level. Since the overall depth of 

the trench will be at 2 feet below mean sea level, the total depth proposed 

for the trench is approximately 16 feet, as shown on Figure 7-2. The trench 
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would be occupied by the 9 foot deep gravel-filled NAPL collection layer 

described earlier and a 7 foot deep layer of backfill to be placed over the 

gravel layer. A layer of geotextile filter fabric would be placed between 

the backfill and the gravel layer. As described earlier, soil that is to be 

removed from the upper sections of this area to construct the trench has 

not come into contact with the subsurface OU-II NAPL and would be used 

as backfill in the top 7 foot section of the trench, shown on Figure 7-2 as 

the average depth of backfill. 

The OU-II NAPL recovery wells and the OU-II ground water monitoring 

well discussed in Section 7.1.2 would be installed within the trench area, 

as shown on Figure 7-2. In order to provide sufficient depth for the 

installation of NAPL-only recovery equipment, the OU-II NAPL recovery 

wells would be installed to a depth of approximately 9 feet below the 

bottom of the trench for a total depth of approximately 25 feet below 

ground surface, as shown on Figure 7-2. Since the 3' x 3' x 3' well vaults to 

be installed within the trench at the top of each recovery well would be 

wider than the 2 foot trench width, some additional soil would need to be 

excavated in order to install these vaults. 

Similarly, Figure 7-2 shows the OU-II ground water monitoring well 

installed to a depth of approximately 9 feet below the bottom of the trench 

(i.e., total depth of approximately 25 feet below grade). Only the bottom 5 

feet of the OU-II ground water monitoring well would be screened. The 

upper 20 feet of the OU-II ground water monitoring well would be a solid 

casing which would prevent NAPL from entering the well. As a result, 

ground water samples can be collected from this well that accurately 

represent ground water quality and are not influenced by NAPL that is 

present on the water table in this area. 

The trench could be installed using either a box excavation technique or a 

biopolymer slurry excavation technique. The specific trench installation 
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technique to be used would be decided during the design phase. The trench 

installation approaches described below are feasible and are presented here 

to illustrate the manner in which material handling and waste disposal 

issues would be addressed. This box excavation approach was used to 

develop the estimated costs for this remedial action alternative, as discussed 

in Section 7.3.2.7, since this cost would be less than the biopolymer 

excavation technique and does not involve the handling of biopolymer 

liquids that may contain PCBs. Soil from the trench would be excavated 

using standard construction equipment. To minimize soil disposal costs, soil 

that has not come in contact with OU-II NAPL (i.e., soil above the minimum 

depth to OU-II NAPL) would be excavated and stockpiled separately from 

soil that has come in contact with OU-II NAPL. Based on cross-sections of 

this portion of OU-II NAPL Area LI, it was determined that approximately 

8 feet of overlying soil has not come in contact with OU-II NAPL. This 

evaluation conservatively assumes a one foot increase in the maximum 

observed OU-II NAPL elevation for this section of OU-II NAPL Area LI. 

The overlying soil, which has not come in contact with OU-II NAPL, would 

first be excavated to a depth 5 feet above mean sea level (i.e., 9 feet below 

ground surface). On average, this would correspond to a depth 8.5 to 9 feet 

below grade. The excavated overlying soil would be stockpiled in a lined 

stockpile area. The remaining 7 feet (i.e., total depth of 16 feet less 9 feet of 

stockpiled soil) of both soil and OU-II NAPL would then be excavated to a 

depth 2 feet below mean sea level. This corresponds to approximately 2.5 

feet below the lowest observed ground water elevation for this section of 

OU-II NAPL Area LI. This material, i.e., OU-II NAPL and associated 

subsurface soil, would be stockpiled on-site. If necessary, excavated soil 

may be solidified to remove free liquids. Discussion regarding testing and 

disposal of excavated materials is provided in the following task (i.e., Task 

6, discussed in Section 7.3.1.6). 
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As discussed above, a box excavation approach or a biopolymer 

excavation approach could be used to construct the NAPL recovery 

trench. Using the box excavation technique, trench boxes, approximately 

15-feet long by 2-feet wide by 16-feet deep would be placed in the 

proposed trench location shown in Figure 7-1 and soil would be excavated 

from within the box using an extended arm excavator. As the soil is 

removed from the trench box, the box would drop to the excavated 

elevation. The soil would continue to be removed until the desired depth 

is reached or the top of the box is at ground surface. In.the case of the 

latter, an additional box would be placed above the existing box and 

excavation would continue. Once the soil from the trench has been 

excavated, the OU-II NAPL recovery wells and ground water monitoring 

well would be installed in the trench, and the trench would be filled with 

9 feet of gravel. The trench would then be backfilled with stockpiled soil to 

within four feet of the ground surface. The well vaults would then be 

lowered into the trenches and the remainder of the trench would be 

backfilled with stockpiled soil. As the trench is backfilled, the trench box 

would be removed. 

The cost estimate for this alternative presented in Section 7.3.2.7 assumes 

that three-quarters of the soil excavated from this area would be 

acceptable for use as backfill in the trench and for regrading the area 

around the trench. This soil would be tested for PCBs and the remedial 

goals for PCBs in surface and subsurface soil defined in the OU-I ROD 

(NYSDEC, 1992) and in NYSDEC guidance (NYSDEC, 1994c) would be 

used to determine if excavated soil can be used as backfill or must be 

disposed of off-site. The PCB soil remedial goals defined in these NYSDEC 

documents are 1.0 mg/kg for surface soil and 10.0 m g / k g for subsurface 

soil. Ground water encountered during excavation would be removed 

from the trench and stored in a temporary above ground storage tank. 

Since the OU-II NAPL will be present on top of the water table, once the 

trench box has extended below the top of the water table, only ground 
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water would recharge into the trench box. The ground water would be 

tested for the existing Metro-North wastewater treatment plant SPDES 

permit parameters, treated if necessary and disposed of on-site. Discharge 

of treated development water would be to the Metro-North wastewater 

treatment plant, direct discharge to surface water through the active Metro-

North outfall line or discharged to the trench (i.e., to ground water). The 

actual disposal method to be used for trench development water would be 

decided during final design in accordance with NYSDEC regulations. 

In contrast, the biopolymer excavation technique would entail injecting a 

biodegradable guar-type slurry into the trench while the soil is being 

excavated to maintain the stability of the trench. Once the soil from the 

trench has been excavated and the slurry has been injected, the recovery 

wells and the OU-II ground water monitoring well would be installed 

within the trench and the trench would be backfilled with 9 feet of gravel. 

The trench would then be backfilled with stockpiled soil to within four feet 

of the ground surface. The well vaults would then be lowered into the 

trenches and the remainder of the trench would be backfilled with 

stockpiled soil. 

After the trench has been completely backfilled, a solution such as a 

hydrogen peroxide solution would be added to the trench to break down 

(i.e., biologically degrade) the guar slurry. The trench would then be 

developed by recirculating water from an above ground storage tank 

through the trench. A small amount of sludge, which would be comprised 

of fines and degraded guar, would accumulate at the bottom of the storage 

tank. After the trench has been developed, the development water would be 

tested for the existing Metro-North wastewater treatment plant SPDES 

permit parameters, treated if necessary and disposed of on-site, as described 

above for trench box excavation. The bioslurry solids would be removed 

from the tanks and drummed for subsequent testing and the trench 

installation equipment would be decontaminated and demobilized. 
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Bioslurry solids would be tested for PCBs and disposal options would be 

selected as described above for soil to be excavated from the trench area. 

The NAPL recovery trench is positioned downgradient of the OU-II 

NAPL present in OU-II NAPL Area LI. Consequently, OU-II NAPL in this 

area will eventually migrate to the recovery trench area. However, 

migration of OU-II NAPL, if any, is slow. In response, an additional two 

OU-II NAPL recovery wells would be installed in OU-II NAPL Area LI 

upgradient of but separate from the NAPL recovery trench, as shown on 

Figure 7-1. As previously discussed, existing OU-II NAPL monitoring 

wells located in this area may be used for this purpose or new OU-II 

NAPL recovery wells may be installed. These wells would be 4 inch 

diameter wells, installed to a depth of approximately 25 feet below 

ground surface in order to install N APL-only recovery equipment and 

would be screened a sufficient length across the water table. 

The OU-II NAPL recovery well and the NAPL recovery trench proposed 

for this area are located in sections of OU-II NAPL Area LI where OU-II 

NAPL has been observed or is believed to be present. As shown on Figure 

5-1, there are a number of areas shown within the 0.0 foot NAPL contour 

line where OU-II NAPL is presumed to be present simply because OU-II 

NAPL was observed in the closest adjacent well at least once during the 

OU-II remedial investigation. In reality, all or at least a part of these 

sections may not, in fact, actually contain any recoverable OU-II NAPL, 

defined as a NAPL thickness greater than 0.25 feet. Nevertheless, the 

NAPL recovery trench has been extended in this area to cover any 

downgradient areas at the property boundary that could recover OU-II 

NAPL from this area. 

As shown on Figure 7-3, a 1,500 gallon above ground storage tank would 

be installed in this area to collect the OU-II NAPL that is to be collected 

from the three OU-II NAPL recovery wells to be installed within the 
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NAPL recovery trench and from the two separate upgradient OU-II 

NAPL recovery wells to be installed within this NAPL area. Piping would 

be installed to connect the OU-II NAPL recovery wells to this above 

ground storage tank. As noted below, this above ground storage tank 

would also be used to store OU-II NAPL collected from the OU-II NAPL 

recovery well to be installed in OU-II NAPL Area L2. 

To summarize, the components of the NAPL recovery system to be 

installed in OU-II NAPL Area LI are as follows: 

one (1) NAPL-only recovery trench (150 feet long, 2 feet wide and 16 
feet deep); 

three (3) NAPL-only recovery wells (4 inch diameter, 25 feet deep, 
screened at the water table) and vaults, to be installed within the 
NAPL recovery trench; 

two (2) additional NAPL-only recovery wells (4 inch diameter, 25 feet 
deep, screened at the water table) and vaults, to be installed 
upgradient of the NAPL-only recovery trench; 

five (5) NAPL-only recovery equipment systems (either canister or 
pumps with sensors) to be installed within each of the five OU-II 
NAPL-only recovery wells; 

an above ground 1,500 gallon NAPL storage tank, which would be 
designed for use in storing OU-II NAPL collected from OU-II NAPL 
Area LI and also from nearby OU-II NAPL Area L2; 

double wall piping to connect the five OU-II NAPL-only recovery 
wells in OU-II NAPL Area LI to the above ground NAPL storage tank; 

conduits for electricity and system control utilities for the OU-II NAPL 
Area LI NAPL-only recovery system; and 

a control panel to monitor and operate the NAPL-only recovery 
system. 

As discussed in Section 7.3.1.8 with respect to the operation of this system, 

some or all of the existing NAPL monitoring wells used during the OU-II 

remedial investigation may be used in the future to recover NAPL. The 
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NAPL recovery system installed in an initial NAPL recovery well would 

be moved to an existing NAPL monitoring well if NAPL removal in the 

initial NAPL recovery well ceases, as discussed in Section 7.3.1.8. 

In addition, the OU-II ground water monitoring well discussed in Section 

7.1.2 would be installed within the OU-II NAPL Area LI recovery trench. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

OU-II NAPL Area L2 

As shown on Figure 5-2, OU-II NAPL Area L2 covers approximately 1,100 

square feet and, as discussed in Section 5.2.1.1, only contains 

approximately 2,500 gallons of OU-II NAPL. None of the OU-II NAPL 

monitoring wells in this area contained greater than 1.0 foot of NAPL. As 

a result, Figure 7-1 shows that only one OU-II NAPL recovery well (4 inch 

diameter, 25 feet deep, screened at the water table) and associated NAPL-

only recovery equipment would be needed for this area. As shown on 

Figure 7-3, the NAPL that would be collected from this well would be 

piped to the 1,500 gallon above ground storage tank described above for 

use in the OU-II NAPL Area LI recovery system. The components of the 

NAPL-only recovery system for OU-II NAPL Area L2 would consist of: 

one (1) NAPL-only recovery well and associated NAPL-only recovery 
equipment; 

a vault to be constructed at the top of the recovery well at ground 
surface; 

double wall piping to connect the NAPL-only recovery pump to be 
installed in this well to the OU-II NAPL Area LI above ground NAPL 
storage tank; 
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conduits for electricity and system control utilities for the OU-II NAPL 
Area L2 recovery well; and 

a control panel to monitor and operate this NAPL-only recovery 
system. 

As discussed in Section 7.3.1.8 with respect to the operation of this system, 

some or all of the existing NAPL monitoring wells used during the OU-II 

remedial investigation may be used in the future to recover NAPL. The 

NAPL recovery system installed in an initial NAPL recovery well would 

be moved to an existing NAPL monitoring well if NAPL removal in the 

initial NAPL recovery well ceases, as discussed in Section 7.3.1.8. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

OU-II NAPL Area L3 

As shown on Figure 5-3, OU-II NAPL Area L3 covers approximately 2,200 

square feet and, as discussed in Section 5.2.1.1, only contains 

approximately 4,900 gallons of OU-II NAPL. Only three of the OU-II 

NAPL monitoring wells in this area contained greater than 1.0 foot of 

NAPL. The maximum NAPL thickness recorded during all monitoring 

rounds was 1.3 feet in well WB2-3A1. As a result, Figure 7-1 shows that 

only one OU-II NAPL recovery well (4 inch diameter, 25 feet deep, 

screened at the water table) and associated NAPL-only recovery 

equipment would be needed for this area. As shown on Figure 7-3, the 

OU-II NAPL that would be collected from this well would be piped to a 

250 gallon above ground storage tank to be installed solely to collect OU-II 

NAPL from this area. The components of the NAPL-only recovery system 

for OU-II NAPL Area L3 would consist of: 
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one (1) NAPL-only recovery well and associated NAPL-only recovery 
equipment; 

a 250 gallon above ground NAPL storage tank; 

a vault to be constructed at the top of the recovery well at ground 
surface; 

double wall piping to connect the NAPL-only recovery pump to be 
installed in this well to this above ground NAPL storage tank; 

conduits for electricity and system control utilities for the OU-II NAPL 
Area L3 recovery well; and 

a control panel to monitor and operate this NAPL-only recovery 
system. 

As discussed in Section 7.3.1.8 with respect to the operation of this system, 

some or all of the existing NAPL monitoring wells used during the OU-II 

remedial investigation may be used in the future to recover NAPL. The 

NAPL recovery system installed in an initial NAPL recovery well would 

be moved to an existing NAPL monitoring well if NAPL removal in the 

initial NAPL recovery well ceases, as discussed in Section 7.3.1.8. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

OU-II NAPL Area L4 

As shown on Figure 5-4, OU-II NAPL Area L4 covers approximately 

26,400 square feet and, as discussed in Section 5.2.1.1, is believed to 

contain approximately 118,500 gallons of OU-II NAPL. As shown on 

Figure 7-1, this OU-II NAPL Area is located on the southern, primarily 

upgradient side of the OU-II Site, including the former lagoon area. As 
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discussed in Section 5.2, ground water probably flowed in a radial pattern 

emanating from the center of the lagoon area during the early stages of 

operation of the lagoon as a wastewater equalization basin. The sludge 

that formed on the bottom of the lagoon formed a relatively impermeable 

liner after the lagoon was in operation for some time, eventually 

diminishing the effects of this radial flow pattern. The closure of the 

lagoon in 1996, including the installation of low permeable sheeting 

around the former lagoon area, as shown on Figure 5-4, and an 

impermeable cap over the remediated lagoon has eliminated this radial 

ground water flow pattern in this area. As discussed in Section 3.4.1 and 

Section 5.2, the current direction of shallow aquifer ground water flow in 

the OU-II area is to the northwest, toward the Hudson River. 

OU-II NAPL Area L4 is the most extensive of the four OU-II NAPL areas 

around the former lagoon and represents almost 80 percent of the OU-II 

NAPL that is believed to be present in the area around the former lagoon. 

Similarly, the surface area encompassed by the NAPL in OU-II NAPL 

Area L4 represents approximately 65 percent of the total surface area 

encompassed by all OU-II NAPL. Refer to Section 5.2.1.1 for additional 

information on OU-II NAPL quantity and surface area. In response, the 

majority of the NAPL remedial systems considered in this alternative for 

OU-II NAPL are to be located in OU-II NAPL Area L4. As shown on 

Figure 7-1, eight NAPL-only recovery wells and associated NAPL-only 

recovery systems are proposed for this area. This represents over half of 

the fifteen NAPL-only recovery wells considered in this remedial action 

alternative for use in removing OU-II NAPL. 

As shown on Figure 5-4 and as discussed in Section 5.2.1.1, OU-II NAPL 

Area L4 is primarily located on-site although NAPL has been observed in 

some wells located immediately adjacent to and south of the Harmon 

Yard property line. However, no NAPL has been observed in monitoring 

wells located approximately 20 to 30 feet south of the few off-site OU-II 
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NAPL Area L4 monitoring wells that did contain NAPL. The southern 

limit of OU-II NAPL Area L4 extends slightly onto Westchester County 

property and is bounded by the off-site roadway. As discussed above, this 

off-site OU-II NAPL appears to be a remnant of ground water flow 

patterns in the former lagoon area. As shown in Figure 2-8, current 

ground.water flow in this OU-II NAPL Area is towards the former lagoon 

from the Westchester County property. Furthermore, it appears that the 

off-site roadway, which was constructed by compacting existing soils, has 

created a subsurface barrier. Since NAPL generally flows with ground 

water and the off-site roadway appears to have formed a subsurface 

barrier wall, it is unlikely that additional off-site migration of NAPL from 

OU-II NAPL Area L4 will occur in the future. 

OU-II NAPL will also be prevented from migrating north, i.e., toward the 

former lagoon area, by the presence of the low permeability sheeting 

surrounding the former lagoon area that was installed and left in place as 

part of the OU-I remedy. Due to the existing ground water flow direction 

and the presence of the OU-I remedy sheeting, it is very unlikely that 

there will be any noticeable change in the location of NAPL in OU-II 

NAPL Area L4 for the foreseeable future. The only potential migration 

pathway for this NAPL is east, around the OU-I sheeting and toward the 

OU-II portion of Harmon Yard, as shown on Figure 7-1. 

The approach to be considered in this alternative to remove NAPL from 

OU-II NAPL Area L4 was developed based on the limited potential for 

NAPL migration, existing ground water flow patterns and the presence of 

the low permeability sheeting located north of this OU-II NAPL area. The 

NAPL-only removal approach proposed for this area consists of eight OU-

II NAPL recovery wells and associated NAPL-only recovery equipment to 

be located along the center of the extent of OU-II NAPL in this area in a 

line from east to west, as shown on Figure 7-1. The NAPL-only recovery 

wells would be placed as close as possible to the Harmon Yard property 
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boundary, which is coincident with the fence line in this area. The few off-

site monitoring wells in this area where OU-II NAPL has been observed 

would then be less than 15 feet away from and upgradient of the 

proposed NAPL-only recovery wells. The proximity of the NAPL-only 

recovery wells to these off-site monitoring wells and the eventual effects 

of existing ground water flow patterns in this area would result in 

recovery of the OU-II NAPL in this limited off-site portion of OU-II NAPL 

Area L4. 

As shown on Figure 7-1, the line of proposed NAPL-only recovery wells 

extends from east to west along the center of OU-II NAPL Area L4. , 

NAPL-only recovery wells are not shown in the extreme eastern and 

western portion of this OU-II NAPL area. As shown on Figure 5-4, the 

extreme eastern and western areas are identified as part of OU-II NAPL 

Area L4 primarily because there are no monitoring wells located between 

the monitoring wells at the 0.0 foot NAPL contour line (i.e., wells where 

no NAPL has been observed) and monitoring wells where NAPL has been 

observed. In response, this alternative would include the installation of 

additional OU-II NAPL monitoring wells in these extreme eastern and 

western portions of OU-II NAPL Area L4. If NAPL is encountered in this 

area, the number of NAPL-only recovery wells to be installed in this OU-II 

NAPL area would be increased to provide for the installation of additional 

NAPL-only recovery wells in the eastern and western portions of OU-II 

NAPL Area L4. However, for the purposes of developing the remedial 

cost estimates presented in Section 7.3.2.7, it was assumed that eight 

NAPL-only recovery wells and associated NAPL-only recovery systems 

would be more than adequate to remove OU-II NAPL from this area to 

the extent practical. 

As shown on Figure 7-3, piping would be used to connect the eight 

NAPL-only recovery wells proposed for this area to a 1,500 gallon above 

ground NAPL storage tank. This above ground tank would be used to 
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temporarily store OU-II NAPL collected from OU-II NAPL Area L4 prior 

to testing and off-site disposal. 

To summarize, the components of the N APL-only recovery system for 

OU-II NAPL Area L4, as shown on Figure 7-3, would consist of the 

following: 

eight (8) N APL-only recovery wells (4 inch diameter, 25 feet deep, 
screened at the water table) and vaults, to be installed along the center 
of this NAPL area from east to west; 

eight (8) NAPL-only recovery equipment systems (either canister or 
pumps with sensors) to be installed within each of the eight OU-II 
NAPL recovery wells; 

an above ground 1,500 gallon NAPL storage tank; 

double wall piping to connect the eight NAPL-only recovery pumps to 
be installed in the OU-II NAPL Area L4 wells to the above ground 
NAPL storage tank; 

conduits for electricity and system control utilities for the OU-II NAPL 
Area L4 NAPL-only recovery system; and 

a control panel to monitor and operate this NAPL-only recovery 
system. 

As discussed in Section 7.3.1.8 with respect to the operation of this system, 

some or all of the existing NAPL monitoring wells used during the OU-II 

remedial investigation may be used in the future to recover NAPL. The 

NAPL recovery system installed in an initial NAPL recovery well would 

be moved to an existing NAPL monitoring well if NAPL removal in the 

initial NAPL recovery well ceases, as discussed in Section 7.3.1.8. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 
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Task No. 6: Off-Site Disposal of Wastes Generated During Trench 

Construction and Well Installation 

This section describes the probable disposal requirements for the wastes 

that would be generated by the construction of the NAPL-only recovery 

components of this alternative. These waste disposal assumptions were 

based on information that is currently available that characterizes the waste 

streams that would be generated during implementation of this alternative 

and on the regulatory evaluation presented in Section 5.2.1.4. Figure 7A 

presents a typical cross-section showing the different types of wastes that 

would be generated during excavation activities conducted as part of this 

and the remaining alternatives evaluated in this feasibility study. 

Excavation wastes would be generated during trench installation for this 

alternative (Alternative II) and for Alternative IV and during the excavation 

of OU-II NAPL described in Alternative III. The types of waste that would 

be generated during excavation are: 

overlying soil; 
OU-II NAPL and associated subsurface soil; 
OU-II NAPL removed as a liquid phase; and 
saturated soil (Alternative IV only). 

The excavation depth and the quantity of each type of excavation waste and 

the assumptions used in the cost estimates presented in this feasibility study 

for each of the alternatives that involve excavation are presented in Table 7-

3. Assumptions regarding waste disposal are presented here in order to 

estimate the cost to implement this alternative, as presented in Section 

7.3.2.7, and to provide guidance on how this material would be handled for 

disposal purposes. However, if this alternative is selected and implemented, 

the actual disposal requirements for the waste material that would be 

generated during construction of the remedy would be based on the results 

of the analysis of samples of waste material collected prior to disposal. For 
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example, if the OU-II NAPL and associated subsurface soil that would be 

removed during construction of the NAPL recovery trench in OU-II NAPL 

Area LI contain PCBs in concentrations less than 2.0 mg/kg, the TSCA anti

dilution rule discussed in Section 5.2.1.4 would not apply and this material 

would not be subject to TSCA disposal requirements. Similarly, if this waste 

material did not exhibit the characteristics of a RCRA hazardous waste, then 

the RCRA hazardous waste storage, transportation and disposal 

requirements for a RCRA characteristic hazardous waste would also not 

apply. 

As discussed in Section 7.3.1.5, soil would be removed from the trench in 

two stages and stockpiled for testing. Approximately 88 cubic yards (132 

tons) of overlying soil would be removed from the upper portion of the 

trench (i.e., top 9 feet) and approximately 110 cubic yards (165 tons) of OU-

II NAPL and associated subsurface soil would be removed from the lower 

seven feet of the trench and the well holes. Soil volume calculations are 

provided in Appendix K. 

To determine the acceptable uses and disposal requirements for these 

materials, soil samples would be collected from the overlying soil and the 

mixture of OU-II NAPL and associated subsurface soil. The overlying soil 

would be sampled to identify the portion of this material that could be used 

as backfill. The OU-II NAPL and associated subsurface soil would be 

sampled to determine the disposal requirements for this material. 

In order to estimate the cost of remedial action alternatives that entail 

excavation of overlying soil, OU-II NAPL and associated subsurface soil 

and/or the removal of OU-II NAPL as a liquid phase, assumptions were 

made regarding the off-site disposal requirements for these materials. This 

alternative includes the installation of a NAPL recovery trench in OU-II 

NAPL Area LI, which would require the excavation of overlying soil and 

the subsequent excavation of OU-II NAPL and associated subsurface soil 

ERM-NORTHEAST 7 -40 F:\DA TA\PROJECTS\MNCROUII\FS_TEXT\SECT_7.DOC 

file://F:/DA
file://TA/PROJECTS/MNCROUII/FS_TEXT/SECT_7.DOC


from the trench area. As discussed later in Section 7.3.1.8, this alternative 

also entails the operation of the NAPL-only recovery wells to be placed 

within the OU-II NAPL Area LI recovery trench and within the remaining 

three OU-II NAPL areas. These wells would recover OU-II NAPL as a 

liquid phase. The waste disposal assumptions used to estimate the cost of 

this alternative are described below (for OU-II NAPL and associated 

subsurface soil) and in Section 7.3.1.9 (for OU-II NAPL removed as a 

liquid phase). A summary of the waste disposal assumptions used to 

estimate the cost of this alternative is provided in Table 7-3. The location 

of overlying soil, OU-II NAPL and associated subsurface soil and separate 

phase OU-II NAPL is shown on the typical cross-section, Figure 7-4. 

Soil samples would be collected from the stockpiled overlying soil. A 

frequency of one composite sample per 50 cubic yards of soil was assumed 

for cost estimating purposes. These samples would be analyzed for PCBs. 

The remedial goals for PCBs in surface and subsurface soil defined in the 

OU-I ROD (NYSDEC, 1992) and in NYSDEC guidance (NYSDEC, 1994c) . 

would be used to determine if excavated soil can be used as backfill or 

must be disposed of off-site. The PCB soil remedial goals defined in these 

NYSDEC documents are 1.0 mg/kg for surface soil and 10.0 mg/kg for 

subsurface soil. Soil that contains acceptable concentrations of PCBs would 

be segregated for use as backfill and soil that does not contain acceptable 

concentrations of PCBs would be segregated for off-site disposal. For cost 

estimation purposes, it has been assumed that approximately three-quarters 

of this overlying soil would be used as backfill and the remaining one-

quarter would require off-site disposal at a RCRA and TSCA-permitted 

land disposal facility. In all likelihood, however, all of this soil will probably 

be acceptable for use as on-site backfill. Refer to Figure 7-4 and Table 7-3 for 

the waste disposal assumptions used in this analysis. 

As previously discussed, the source of PCBs in subsurface OU-II NAPL is 

presumed to be the former lagoon. However, the USEPA Office of 
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Pesticides and Toxic Substances had agreed during the design of the 

remedy for OU-I that the source of the PCBs in the surface soil around the 

former lagoon area was not known and that TSCA disposal requirements 

related to this material should be based on the concentration of PCBs as 

found in the environment (USEPA, 1993). As a result, the overlying soil 

would be regulated according to its actual PCB concentration. That is, 

TSCA disposal requirements would not apply to soil containing PCBs in 

concentrations less than 50 mg/kg. Based on the soil sampling that was 

performed in this area during the OU-I remedy and on the surface soil 

remediation conducted in this area during the implementation of the OU-I 

remedy, referred to during the OU-I remedy as Zone A soil (ERM, 1995a), 

it is very unlikely that PCB concentrations greater than the 1.0 mg/kg 

NYSDEC remediation goal for PCBs in surface soil would be found in this 

soil. 

A conservative assumption was used that OU-II NAPL and associated 

subsurface soil removed from the bottom seven feet of the trench during 

construction would be classified as a NYSDEC RCRA characteristic 

hazardous waste and as a TSCA regulated waste. Refer to Figure 7-4 and 

Table 7-3. As discussed in Section 5.2.1.4, analysis of OU-II NAPL 

collected during previous recovery efforts indicates that OU-II NAPL in 

all four areas would be classified as a RCRA characteristic hazardous 

waste and OU-II NAPL from OU-II NAPL Area L4 would be classified as 

a New York State listed hazardous waste (i.e., B003). Since the source of 

NAPL around the former lagoon is believed to be the former lagoon and the 

former lagoon materials contained PCB concentrations in excess of 50 ppm, 

NAPL around the former lagoon would be classified as a TSCA-regulated 

waste. Based on this information, it was conservatively assumed that OU-II 

NAPL and associated subsurface soil removed during construction of the 

NAPL removal components of this remedial action alternative would be 

classified as a TSCA waste. A sample would be collected from the mixture 

of OU-II NAPL and associated subsurface soil and analyzed for PCBs and 
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for RCRA characteristics (i.e., toxicity, corrosivity, reactivity and 

ignitability). 

Although it has been conservatively assumed for cost estimating purposes 

that the OU-II NAPL and associated subsurface soil removed from the 

bottom seven feet of the trench during construction of the remedy would 

be disposed of as a TSCA and RCRA regulated waste, actual disposal 

requirements would depend on the results of the PCB and RCRA 

characteristic testing. For example, the anti-dilution rule would not apply 

and TSCA disposal would not be required if PCB concentrations in the 

mixed OU-II NAPL and associated subsurface soil were less than 2 

mg/kg. Similarly, this waste would not be classified as a NYSDEC RCRA 

listed hazardous waste if PCB concentrations were less than 50 mg/kg 

and this material would not be classified as a NYSDEC RCRA 

characteristic hazardous waste if the material does not exceed RCRA 

regulatory limits for toxicity, corrosivity, reactivity or ignitability. 

Subsurface soil that contains OU-II NAPL that is removed during 

construction of the trench or during the installation of recovery and 

monitoring wells would be subject to the TSCA disposal requirements 

defined in 40 CFR 760(a)(4). This section of TSCA states that non-liquid 

PCBs at concentrations of 50 mg/kg or greater in the form of 

contaminated soil, rags or other debris must be disposed of in a TSCA-

approved chemical waste landfill. OU-II NAPL is primarily a diesel fuel 

mixed with soil. Excavation of the subsurface soil, some of which includes 

the subsurface zone where OU-II NAPL is located, would result in a 

mixture of OU-II NAPL and soil. This mixture would be primarily 

comprised of soil, combined with some amount of OU-II NAPL and 

ground water. 

Free standing liquids, if any, that may be generated by this OU-II NAPL 

and soil mixture would be removed and disposed of as a TSCA PCB 
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liquid waste (i.e., incinerated). Liquids may also be present within the 

mixture, i.e., absorbed or retained onto soil particles. The presence of this 

occluded or absorbed liquid may not result in the formation of standing 

liquids but may cause the OU-II NAPL and soil mixture to fail the paint 

filter test for free liquids. Non-biodegradable solidification agents, such as 

portland cement or cement kiln dust, would be used in this case to solidify 

the OU-II NAPL and associated subsurface soil mixture that is to be 

removed from the bottom 7 feet of the trench. 

USEPA policy (USEPA, 1989b) is that "soil, rags and other debris" 

containing TSCA-regulated concentrations of PCBs would be subject to 

the requirements of 40 CFR 760.60(a)(4) which would allow disposal of 

this material in a TSCA-approved chemical waste landfill. This policy 

states that the term soil should be given a plain meaning interpretation 

and that debris should be defined to include absorbent material 

contaminated through the cleanup of a spill. 

The TSCA disposal regulations related to subsurface soil around the 

former lagoon area which contains PCBs were addressed by the USEPA 

during the selection of the OU-I remedy. As discussed in Section 5.2.1.4, 

the USEPA considered PCBs in subsurface soil around the former lagoon 

area to have originated from the lagoon and thus subject to the TSCA 

treatment and disposal requirements unless PCB concentrations are below 

2 mg/kg . The USEPA's position on subsurface soil around the former 

lagoon area containing PCBs in concentrations greater than 2 mg/kg is 

that TSCA would require that this material be incinerated in a TSCA-

approved facility or disposed of in an off-site TSCA-approved chemical 

waste landfill. 

If the biopolymer slurry trench method is used in place of the trench box 

method of excavation on which the costs presented in Section 7.3.2.7 for 

this alternative were based, the liquid recovered from the biopolymer 

ERM-NORTHEAST 7 -44 F:\DATA\PROJECTS\MNCROUII\FS TEXT\SECT 7.DOC 

file://F:/DATA/PROJECTS/MNCROUII/FS


slurry would be tested, treated if necessary, and disposed of on-site as 

discussed in Section 7.3.1.5. This method would also be expected to 

generate a certain amount of solids for the biopolymer slurry solution. 

These solids would be placed in containers and tested for disposal 

purposes. Samples of bioslurry solids would be collected at a frequency of 

one sample per container and analyzed, at a minimum, for PCBs and RCRA 

characteristics (i.e., toxicity, corrosivity, reactivity and ignitability). 

Following receipt of the analytical results for these samples, the disposal 

method for these materials would be determined. Since this was not the 

primary trench excavation method used in the development of this 

alternative, costs related to the testing, treatment (if necessary), and 

disposal of liquid recovered from the biopolymer slurry and the 

biopolymer slurry solids are not included in the cost estimate presented in 

Section 7.3.2.7 for this remedial action alternative. 

For cost estimation purposes, the following disposal scenario has been 

developed for this alternative (see Figure 7-4 and Table 7-3): 

three-quarters of the overlying soil excavated for the NAPL-only 
recovery trench and all of the surface soil excavated to accommodate the 
recovery well vaults (approximately 66 cubic yards) would contain 
acceptable concentrations of PCBs (i.e., less than or equal to 1.0 mg/kg 
PCBs for surface soil and less than or equal to 10.0 m g / k g PCBs for 
subsurface soil) and would be used as on-site backfill for the recovery 
trench; 

one-quarter of the overlying soil (approximately 22 cubic yards) would 
be classified as a RCRA and TSCA waste and disposed of at an off-site 
RCRA and TSCA-permitted chemical waste landfill; and 

all the OU-II NAPL and associated subsurface soil removed from the 
lower 7 feet of the trench and the well holes (approximately 110 cubic 
yards) would be classified as a RCRA and TSCA waste and disposed of 
at an off-site RCRA and TSCA-permitted chemical waste landfill. 

It was estimated that approximately 16 tons of drill cuttings would also be 

generated during the installation of the N APL-only recovery wells that 
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would be needed for this alternative. Since drill cuttings generated by the 

installation of these wells would be a mixture of overlying and subsurface 

soil and OU-II NAPL, it was conservatively assumed that this waste 

material would be disposed of at an off-site TSCA and RCRA approved 

landfill. The drill cuttings would also be sampled and analyzed for PCBs 

and RCRA characteristics prior to disposal. The actual disposal 

requirements for this material would depend on the results of this testing. 

7.3.1.7 Task No. 7: Site Restoration 

Site restoration activities would be conducted following installation of the 

NAPL-only recovery systems. Site restoration activities would consist of: 

replacement of fencing that would be removed from the Harmon Yard 

property boundary in OU-II NAPL Area LI and regrading and seeding in 

all four OU-II NAPL areas, as needed. 

7.3.1.8 Task No. 8: Operation ofNAPL-Only Recovery Systems 

Once installed, the NAPL-only recovery systems would begin to 

automatically recover OU-II NAPL from the NAPL-only recovery wells. 

Recovered OU-II NAPL would be stored on-site in the three above-ground 

NAPL storage tanks shown in Figure 7-3. This material would be stored on-

site for no longer than 90 days. As such, the above ground NAPL storage 

tanks would be sized for a 90 day storage period. OU-II NAPL would be the 

only waste type that would be generated during the operation of the NAPL-

only recovery systems that comprise this alternative. Testing and disposal 

of recovered OU-II NAPL is discussed in Task No. 9 (Section 7.3.1.9). 

The rate at which NAPL-only removal can remove NAPL will determine 

the length of time that this alternative would require to remediate the Site. 

In comments on the draft Feasibility Study, the NYSDEC has established the 

time required for an alternative to remediate the Site as a key factor to be 
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used in the evaluation of alternatives. As discussed in Section 6.4, it is 

estimated that it would take approximately 15 years for NAPL-only 

techniques to remove all the OU-II NAPL that can be recovered. None of 

the available NAPL removal technologies except excavation can remove all 

of the approximately 153,000 gallons of NAPL estimated in Section 5.2.1.1 to 

be present at the Site. The NAPL that remains after each technology has 

reached the limit of its effectiveness may be considered residual, or 

stagnant, NAPL, as discussed in Sections 5.2.1.1 and 5.2.1.5. At this point, 

each NAPL removal technology would be judged to have removed NAPL 

to the extent practicable, but the amount of NAPL removed by each 

technology would be different. 

In order to compare the ability of each of these technologies to remove 

NAPL and to comply with the NYSDEC requirement to consider the length 

of time needed for each technology to remove NAPL, the amount of NAPL 

that each technology could remove in a relatively short time period (i.e., 

three to four years) was estimated. This analysis was presented in Section 

6.4 for NAPL-only removal. Based on the number of NAPL-only recovery 

wells proposed for this alternative (i.e., 15) and the estimated NAPL-only 

recovery rate (i.e., 2.0 gpd/well), approximately 30,600 gallons or 20% of 

the total NAPL volume of approximately 153,000 gallons would be 

recovered in the first three years of operation. 

i.e., 3 years = 30,600 gal/((15 wells)(2.0 gpd/well)(365 days/year)) 

This NAPL volume and three year time period was used to estimate the cost 

of the remedy, as discussed in Section 7.3.1.7. The anticipated NAPL 

removal rate, time period and cost will be used in Section 8.0 to compare 

alternatives and select a preferred remedial action alternative. 

However, NAPL-only removal will continue to remove NAPL after the 

initial three year period, although at a lower rate. Eventually, the system 
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will operate until the amount of NAPL remaining in each recovery well has 

been reduced to levels that cannot be removed by NAPL-only removal. If 

this occurs and NAPL remains in the initial recovery wells and adjacent 

NAPL monitoring wells at levels that cannot be considered residual, or 

stagnant, NAPL, as discussed in Sections 5.2.1.1 and 5.2.1.5, the following 

actions will be implemented, in the order presented: 

NAPL-only recovery systems would be removed from an initial 
recovery well if NAPL removal in that well has ceased. These systems 
would then be moved to an existing NAPL monitoring well where a 
sufficient thickness of NAPL is present. 

If a sufficient thickness of NAPL remains after the previous actions (i.e., 
moving NAPL-only recovery systems to other wells) have been taken, 
that is, the amount of NAPL remaining is more than residual, or 
stagnant, NAPL, then enhanced NAPL-only recovery using hot water 
injection would be evaluated for use in increasing the rate at which 
NAPL is removed. 

If a sufficient thickness of NAPL remains after the previous actions (i.e., 
moving NAPL-only recovery systems to other wells and hot water 
injection) have been taken, that is, the amount of NAPL remaining is 
more than residual, or stagnant, NAPL, then a biosparging treatment 
system would be implemented, as discussed in Task 11 (Section 7.3.1.11). 

This alternative calls for the installation of NAPL-only recovery systems in 

15 wells. Three of these wells would be installed in the NAPL-only recovery 

trench to be installed in OU-II NAPL Area LI and the remaining 12 

recovery systems would be installed in wells located in sections of the Site 

where NAPL has been observed, as shown on Figure 7-1. The cost estimate 

presented in Section 7.3.2.7 assumed that all 15 of these wells would be 

installed as part of this alternative. However, some of the NAPL-only 

recovery systems may be installed in the existing NAPL monitoring wells 

that were used during the OU-II remedial investigation. Overall, there are 

61 existing NAPL monitoring wells that were used during the OU-II 

remedial investigation in which NAPL has been observed. The location of 

these wells are shown in Figures 5-1 through 5-4. The number of existing 
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NAPL monitoring wells where NAPL has been observed that are located 

within each OU-II NAPL area is listed below. 

OU-II NAPL AREA NUMBER OF EXISTING NAPL 
MONITORING WELLS WHERE NAPL 

HAS BEEN OBSERVED 

OU-II NAPL Area LI 24 
OU-II NAPL Area L2 4 
OU-II NAPL Area L3 7 
OU-II NAPL Area L4 26 
TOTAL NUMBER OF WELLS = 61 

As shown on Figures 5-1 through 5-4, these wells provide an extensive 

network of potential NAPL-only recovery points. These wells are closely 

spaced and cover all of the sections of each OU-II NAPL area where NAPL 

has been observed. This translates into an average of one well for every 665 

square feet (i.e., a 25 foot by 25 foot area). 

The decision to move a NAPL-only recovery system from an initial recovery 

well to an existing NAPL monitoring well would be based on the amount of 

NAPL removed from the initial recovery well over a three month period. 

That is, if the NAPL removed over three months from a particular well is 

negligible (for example, less than 0.1 gallons per day) and NAPL is still 

present in other areas of the Site, the NAPL-only recovery pumps and 

control systems would be removed from the initial recovery well and re

installed in an existing NAPL monitoring well where a recoverable amount 

of NAPL is present. The re-installation would require the construction of a 

well vault over the NAPL monitoring well and the installation of conduits 

for: (1) NAPL transfer to the above ground NAPL storage tank; (2) 

electricity; and (3) control systems. These are relatively minor costs and are 

addressed as annual operation and maintenance costs for labor and 

materials in the cost estimate presented in Section 7.3.2.7. 
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The newly installed NAPL-only recovery system would be operated until 

such time that NAPL removal rates at this location become negligible. The 

process would be repeated until all areas where NAPL remains at levels 

that can be removed, such as areas where the NAPL thickness is measured 

to be 0.5 feet or greater, have been remediated. 

If moving the NAPL-only removal systems to various sections of each OU-II 

NAPL area and operating these NAPL-only removal systems does not 

succeed in reducing NAPL layers to residual, or stagnant, levels, as 

discussed in Sections 5.2.1.1 and 5.2.1.5, then the use of hot water injection 

to enhance NAPL-only removal rates would be evaluated. Hot water 

injection would entail pumping ground water from the Site, heating it and 

injecting the heated water below and perhaps above the NAPL layer. The 

heat that is subsequently absorbed by the NAPL layer would reduce its 

viscosity, enabling it to flow more freely to the NAPL-only recovery well 

and increasing the rate at which NAPL can be removed. Hot water and 

steam injection are used in the oil and gas industry and in NAPL recovery 

remediation projects to enhance the removal of petroleum hydrocarbons 

from subsurface soil. 

Steam injection was not considered for this application because it poses the 

risk of volatilizing PCBs and other NAPL constituents. The escaping 

steam, PCBs and other NAPL constituents could be released into ambient 

air. Some of this material would condense in the soil column, which could 

result in PCBs in the soil above the NAPL layer in concentrations above 

the NYSDEC 10 ppm cleanup objective. These are no PCBs in this 

overburden soil at the present time. 

The decision to evaluate whether hot water injection should be 

implemented would be based on overall NAPL removal rates for the OU-

II area. The evaluation would be performed if NAPL removal rates (i.e., 

gallons per day of OU-II NAPL removed) over a three month period 
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averaged less than 10% of the OU-II NAPL removal rate over a similar 

three month period during the first year of NAPL-only removal 

operations. 

The first step in the evaluation of hot water injection would be the 

planning and performance of a hot water injection pilot test on a 

representative OU-II NAPL-only recovery well. The purpose of this pilot 

test would be to determine the degree to which hot water injection would 

increase NAPL removal rates, which would shorten the time needed to 

remediate the Site, and to determine the additional cost to NAPL-only 

removal using hot water injection. These two factors, i.e., time and cost, 

would be used as guidance in deciding whether to implement a full scale 

hot water injection system to enhance NAPL-only removal. Although the 

specific criteria to be used would be defined at that time by the NYSDEC 

in consultation with Metro-North, hot water injection should be 

considered if it at least doubles NAPL removal rates and the unit cost of 

NAPL removed using hot water injection, measured as the total cost per 

gallon of NAPL removed, was equal to or less than twice the cost of NAPL 

removal using NAPL-only removal without hot water injection. 

In all likelihood, hot water injection would not be considered for the first 

three to five years of operation of the NAPL-only removal system, 

including the period when NAPL-only removal systems are being moved 

to other NAPL recovery and monitoring wells. Hot water injection would 

require a heat source, a low temperature and low volume boiler and 

injection wells. Some of the OU-II NAPL does not contain PCBs and may 

be used as a heat source. Solar heat collectors and methane gas from the 

adjacent Croton Point Landfill may also be used as a heat source. In 

addition, the existing NAPL monitoring wells may be used as hot water 

injection wells. These are relatively minor costs and are addressed as an 

annual operation and maintenance cost for labor and materials in the cost 

estimate presented in Section 7.3.2.7. 
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If these enhanced NAPL-only recovery methods (i.e., moving NAPL-only 

recovery systems to other wells and hot water injection) are implemented 

but NAPL remains in monitoring and recovery wells at levels that cannot 

be considered residual, or stagnant, NAPL, as discussed in Sections 5.2.1.1 

and 5.2.1.5, biosparging would be considered for use in addressing this 

residual NAPL. Biosparging is an optional NAPL recovery method that is 

discussed in Section 7.3.1.11 (Task #11). 

7.3.2.9 Task No. 9: Off-Site Disposal of Recovered OU-II NAPL 

As discussed above, recovered OU-II NAPL would be stored in three above 

ground tanks: one 1,500 gallon tank located in OU-II NAPL Area LI; one 

250 gallon storage tank in OU-II NAPL Area L3; and one 1,500 gallon tank 

located in OU-II NAPL Area L4. These tanks would be emptied at least once 

every 90 days and the recovered OU-II NAPL would be transported off-site 

for disposal. Assuming two gallons is recovered per well per day under 

optimistic operating conditions (i.e., no equipment malfunctions and 

constant NAPL recovery rates of 2 gallons per day), approximately 11,000 

gallons of OU-II NAPL would be recovered annually and 2,700 gallons 

would be recovered every 90 days. 

Because the source of OU-II NAPL is the former lagoon and the former 

lagoon contained PCBs in concentrations greater than 500 ppm PCBs, OU-II 

NAPL recovered from all four OU-II NAPL areas around the former lagoon 

that contain detectable concentrations of PCBs (defined by USEPA as 2 

mg/kg or greater) would be classified as a TSCA regulated waste. As 

discussed in Section 5.2.1.4 and Table 7-3 and as shown on Figure 7-4, OU-II 

NAPL containing PCBs in concentrations above 2.0 mg /kg that is recovered 

as a liquid phase would be disposed of at an off-site TSCA-permitted 

incinerator. Furthermore, analytical testing conducted in 1990 for NAPL in 

the vicinity of the former lagoon suggests that the recovered OU-II NAPL 
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would also be a RCRA characteristic waste. As a result, the cost estimate 

presented in Section 7.3.2.7 assumed that recovered OU-II NAPL would 

also be classified as a RCRA characteristic waste. In addition, NAPL from 

OU-II NAPL Area L4 may also be classified as a NYSDEC B003 listed 

hazardous waste since NAPL from a well located in OU-II NAPL Area L4 

(i.e., VVB-5) exhibited a PCB concentration greater than 50 ppm during the 

1990 sampling. More recent sampling of NAPL in this area conducted 

during the OU-II remedial investigation detected lower PCB concentrations, 

i.e., less than 50 mg/kg. As a result of the 1990 sampling, however, it was 

assumed that OU-II NAPL that is to be stored in the 1,500 gallon tank 

shown in Figure 7-3 adjacent to OU-II NAPL Area L4 would also be 

classified as a NYSDEC RCRA listed hazardous waste (i.e., B003). 

Recovered OU-II NAPL would be tested to provide the disposal facility 

with the required analytical information and to confirm whether the 

recovered OU-II NAPL is also a RCRA characteristic hazardous waste. At a 

minimum, this testing would include analysis for PCBs and RCRA 

characteristics (i.e., toxicity, corrosivity, reactivity and ignitability). 

Following receipt of the analytical results, the OU-II NAPL would then be 

disposed. 

As discussed above and in Section 5.2.1.4, based on previous analytical 

results for NAPL around the former lagoon, it is anticipated that all OU-II 

NAPL recovered as a liquid phase would be classified as a TSCA and RCRA 

waste and would be disposed of at a TSCA and RCRA-permitted 

incinerator. Actual disposal requirements would be based on the results of 

the analysis of waste characterization samples to be collected from OU-II 

NAPL. The waste disposal assumptions discussed above and in Table 7-3 

were used to estimate the costs presented in Section 7.3.2.7 for this 

alternative. 
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7.3.1.10 Task No. 10: NAPL-Only Removal System Pilot Test 

A NAPL-only removal system pilot test would be performed before this 

alternative would be designed and implemented. The purpose of the pilot 

test would be to demonstrate that this technology is feasible and would be 

acceptable to the NYSDEC as a remedial action to address OU-II NAPL. The 

NAPL-only removal system pilot test has been included in this alternative 

in response to NYSDEC comments regarding NAPL-only removal. The 

scope of work for the pilot test and the performance criteria that would be 

used to determine whether this approach to OU-II NAPL is acceptable are 

described below. 

NAPL-Only Removal System Pilot Test Scope of Work 

The key components of the NAPL-only removal system pilot test are as 

follows: 

Preparation of a work plan. 

Installation of four NAPL-only recovery systems, including NAPL-only 
recovery pumps and sensors, temporary above ground NAPL storage 
systems and system control units. 

Field testing of the pilot test for a six month period, including operation 
of the system, adjustments to the system (if necessary), NAPL thickness 
monitoring and NAPL removal rate measurements. 

Data evaluation. 

Report preparation. 

This alternative (Alternative II: NAPL-Only Recovery) consists of the 

installation and operation of 15 NAPL-only recovery wells and a NAPL-

only recovery trench. This NAPL-only recovery trench would be installed in 

only one of the four OU-II NAPL areas (i.e., OU-II NAPL Area LI). As 

discussed in Section 7.3.1.5, the purpose of the trench in this alternative is to 
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prevent the potential off-site migration of OU-II NAPL toward the Hudson 

River. This alternative primarily relies on the 15 NAPL-only recovery wells 

to remove OU-II NAPL. Only 3 of these 15 wells would be installed within 

the NAPL-only recovery trench to be installed in OU-II NAPL Area LI. 

Since 80 percent of the NAPL-only recovery wells to be used in this 

alternative would not be installed within a recovery trench, the focus of this 

pilot test would be to evaluate the performance of NAPL-only recovery 

wells without the use of a recovery trench. 

A work plan for the pre-design NAPL-only removal system pilot test would 

first be prepared and submitted to the NYSDEC. This work plan would 

define the following elements of the pilot test: 

the specific NAPL-only recovery technology that would be tested; 

the location of the wells in which the NAPL-only removal systems 
would be installed; 
the temporary above ground NAPL storage systems to be used to 
accumulate NAPL that would be removed by the NAPL-only removal 
systems; 

the wells adjacent to the pilot test recovery wells that would be 
monitored for the presence of NAPL during the course of the pilot test; 

the data that would be recorded during the test (e.g., adjacent NAPL 
thickness, NAPL removal rates, operation and maintenance 
requirements; NAPL and ground water elevations); and 

the methods that would be used to evaluate the data and compare the 
results to the performance criteria, which are described later in this 
section. 

The pilot test would be conducted using NAPL-only recovery systems 

installed in four of the existing wells at the OU-II Site. The NAPL-only 

recovery system would be installed in each of the two major OU-II NAPL 

areas, i.e., OU-II NAPL Areas LI and L4. The NAPL found in these two 

areas represents over 95 percent of all the NAPL present at the OU-II Site. 
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Within each area, one NAPL-only removal system would be placed in a 

well where a significant layer of NAPL is present (i.e., over 1.0 foot thick) 

and one system would be installed in a well where the NAPL layer is less 

than 1.0 foot thick. In this way, the pilot test would identify any differences 

in NAPL removal rates that would be due to differences in the amount of 

NAPL present in an area. 

The NAPL-only removal system to be used in the pilot test would be 

defined in the work plan. A generic description of the types of NAPL-only 

removal systems that would be used was presented in Section 6.4. As 

discussed in Sections 6.4.3 and 6.7.3, the corrosion problems that occurred at 

the ground water depression and NAPL removal system that had been 

installed at the Harmon Shop Storeroom Lot at Harmon Yard were related 

to the stray electric currents and relatively high iron and manganese 

concentrations in ground water in some areas of Harmon Yard. In response, 

the NAPL-only removal systems that would be considered for use in this 

alternative and that would be used in the NAPL-only removal system pilot 

test would be pneumatic-powered recovery equipment constructed of non-

metallic materials (i.e., synthetic or plastic components). 

Each of the four pilot test NAPL-only pumps will be equipped with an 

automatic level-sensor system which will position the pump intake within 

the NAPL layer in the well. A control system would be installed that would 

be used to set the pumping cycle time according to the rate of NAPL 

recharge into the well. The NAPL removed from each well would be 

pumped to a temporary above ground NAPL storage system that would 

comply with requirements for the storage of RCRA and TSCA regulated 

wastes, as discussed in Section 5.2.1.4. 

Changes in the elevation of the water table will affect the rate at which any 

NAPL removal system, including NAPL-only removal, will recover NAPL. 

As the elevation of the water table decreases during dry periods, free 
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product in the NAPL layer will adhere to soil particles in the expanded 

vadose zone created by the drop in the water table elevation. This 

transforms some of the previously recoverable NAPL present as a liquid 

layer on the water table to residual NAPL that cannot be recovered. In 

addition to evaluating the effects that a change in water table elevations 

may have on NAPL removal rates using NAPL-only recovery systems, the 

pilot test would be operated for a six month (180 day) period, preferably 

starting in mid-spring, when water table elevations are typically high, and 

ending in mid-fall, when water table elevations are typically low. This six 

month pilot test duration is needed to properly assess the performance of 

NAPL-only recovery for a range of water table elevations. The six month 

time period would also be needed to evaluate the effects of other conditions, 

such as temperature and maintenance problems, if any, on the operation of 

the system. 

The amount of NAPL removed from each well will be recorded 

periodically. The thickness of the NAPL layer in wells adjacent to the 

NAPL-only removal system pilot test well would also be measured in order 

to evaluate the effects of NAPL-only removal on the presence of NAPL in 

areas between the recovery wells. 

At the end of the six month pilot test period, all accumulated NAPL will be 

characterized, removed from the Site and transported off-site for disposal. 

Disposal requirements for NAPL removed from the OU-II Site were 

discussed in Section 7.3.1.9. System components would be decontaminated, 

dismantled and stored on-site until a decision is made by the NYSDEC 

whether NAPL-only removal is acceptable and Alternative II can be 

implemented at the Site. Some or all of the pilot test system components 

would then be used in the full-scale Alternative II NAPL-only removal 

system. The cost estimates presented in Section 7.2.1.7 assumed that a 

portion of each of the four pilot test units (i.e., approximately $6,000 per 
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unit) would not be used for the full scale remedy. These costs were added to 

the cost of the pilot test. 

The data collected during the test will be evaluated and compared to the 

performance criteria, discussed below. The data recorded during the test 

and the results of the evaluation would be presented in a report to be 

submitted to the NYSDEC. 

NAPL-Only Removal System Pilot Test Performance Criteria 

The data collected during the NAPL-only removal system pilot test would 

be evaluated for the following performance criteria: 

the ability to remove NAPL at an acceptable rate; 

the ability to function continuously, within minimum interruptions due 
to mechanical or other problems; 

the ability to consistently remove only NAPL from each well, i.e., to 
minimize the amount of ground water removed with NAPL; 

the ability to remove NAPL when only a limited amount of NAPL is 
present; and 

the ability to remove NAPL during periods when ground water 
elevations fluctuate. 

The rate at which NAPL-only removal can remove NAPL will determine 

the length of time that this alternative would require to remediate the Site. 

In comments on the draft Feasibility Study, the NYSDEC has established the 

time required for an alternative to remediate the Site as a key factor to be 

used in the evaluation of alternatives. As discussed in Section 6.4, it is 

estimated that it would take approximately 15 years for NAPL-only 

techniques to remove all the OU-II NAPL that can be recovered. None of 

the available NAPL removal technologies except excavation can remove all 

of the approximately 153,000 gallons of NAPL estimated in Section 5.2.1.1 to 
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be present at the Site. Some of the NAPL will adhere to soil particles as 

liquid phase NAPL is removed. NAPL removal with ground water 

depression can form discontinuous NAPL layers and the effectiveness of 

both NAPL removal with ground water depression and NAPL-only 

removal decreases as the thickness of the NAPL layer decreases. The NAPL 

that remains after each technology has reached the limit of its effectiveness 

may be considered residual, or stagnant, NAPL, as discussed in Sections 

5.2.1.1 and 5.2.1.5. At this point, each NAPL removal technology would be 

judged to have removed NAPL to the extent practicable, but the amount of 

NAPL removed by each technology would be different. 

In order to compare the ability of each of these technologies to remove 

NAPL and to comply with the NYSDEC requirement to consider the length 

of time needed for each technology to remove NAPL, the amount of NAPL 

that each technology could remove in a relatively short time period (i.e., 

three to four years) was estimated. This analysis was presented in Section 

6.4 for NAPL-only removal. This analysis determined that NAPL-only 

removal can recover approximately 30,000 gallons of the total NAPL 

volume of approximately 153,000 gallons in the first three years of 

operation. This NAPL volume and time period was used to estimate the 

cost of the remedy, as discussed in Section 7.3.1.7. The anticipated NAPL 

removal rate, time period and cost will be used in Section 8.0 to compare 

alternatives and select a preferred remedial action alternative. NAPL-only 

removal would only be selected as a preferred remedial action alternative if 

the NAPL removal rate of 30,000 gallons of NAPL in three years, in addition 

to other evaluation criteria such as off-site impacts and costs, have been 

judged to be acceptable. As a result, the estimated rate at which these 

technologies can remove NAPL (i.e., 30,000 gallons in three years) will be 

the key performance criteria to be used to evaluate the results of the NAPL-

only removal system pilot test. That is, if NAPL-only removal is selected as 

the preferred remedial action alternative, the results of the pilot test that 
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would be performed before the full scale remedy is implemented would 

need to confirm this anticipated NAPL removal rate. 

The remaining performance criteria listed earlier, such as the ability to 

function continuously, would be evaluated qualitatively. The purpose of 

establishing these criteria for use in evaluating the results of the NAPL-only 

removal system pilot test is to confirm that NAPL-only removal can 

perform at the OU-II Site as expected. That is, the pilot test would confirm 

that NAPL-only removal at the OU-II Site is a feasible alternative if NAPL-

only removal: (1) functions continuously; (2) removes little to no ground 

water; (3) operates when only a limited amount of NAPL is present; and (4) 

removes NAPL when ground water table elevations are changing. 

7.3.1.11 Task No. 11: Biosparging (Optional) 

The NAPL-only recovery systems proposed for use in this alternative will 

remove OU-II NAPL to the extent practical, as required in the OU-I ROD 

(NYSDEC, 1992). If additional OU-II NAPL can no longer be removed as a 

liquid phase using enhanced NAPL-only removal methods as discussed in 

Section 7.3.1.8 (i.e., moving NAPL-only recovery systems to other wells 

and hot water injection), but NAPL remains in recovery and monitoring 

wells at levels that cannot be considered residual, or stagnant, NAPL, as 

discussed in Sections 5.2.1.1 and 5.2.1.5, NAPL-only recovery would cease, 

these systems would be dismantled and biosparging would be evaluated 

to address the remaining NAPL layers. 

Biosparging is a biological treatment system that would remove OU-II 

NAPL layer that might remain after enhanced NAPL-only removal had 

ceased to function. As discussed in Section 6.11, this treatment relies on 

the microorganisms that are naturally present in soil and ground water 

and the injection of air to biologically degrade the remaining layer of OU-

II NAPL. The addition of oxygen in the air injected into this material 

ERM-NORTHEAST 7 -60 F:\DATA\PROJECTS\MNCROUII\FS TEXTiSECT 7.DOC 

file://F:/DATA/PROJECTS/MNCROUII/FS


would enhance the natural growth of the microorganisms that are present 

in soil and ground water. These microorganisms would use the NAPL 

constituents as a food source, eventually converting this material to 

carbon dioxide and water. The practice of injecting air below a NAPL 

layer to enhance natural biological remediation is referred to as 

biosparging. 

The decision to implement this biological treatment step would be made 

after operation of the enhanced NAPL-only recovery systems has been 

discontinued, as discussed in Section 7.3.1.8. Although this treatment step 

is optional and would depend on environmental conditions occurring 

after enhanced NAPL-only removal had ceased, the cost for this task has 

been presented as an optional NAPL removal step in the cost estimate for 

this remedial action alternative that is presented in Section 7.3.2.7. 

Biosparging would entail injecting a low flow of oxygen-enriched air into 

air injection wells to promote the biodegradation of a remaining OU-II 

NAPL layer. Small diameter air injection wells, screened in the water 

table, would be installed at a spacing of approximately 20 feet. Air lines 

would be installed connecting the air injection points to the compressor 

and low flow rate, low pressure air would be supplied to the injection 

points. If conducted, biosparging would take from one to three years to 

reduce the remaining NAPL layer to levels that would be considered 

residual, or stagnant, NAPL, as discussed in Section 5.2.1.1. In addition, it 

is estimated that it would take biosparging from five to ten years to also 

address residual, or stagnant, NAPL. 

In addition to the petroleum-related organic compounds that comprise 

OU-II NAPL, PCBs have also been detected at various concentrations in 

OU-II NAPL. Refer to Table 3-1 for a list of the PCB concentrations 

detected in OU-II NAPL samples collected from monitoring wells at the 

OU-II Site. As discussed in Section 6.12, Off-Site Disposal of NAPL, OU-II 
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NAPL containing PCBs in concentrations above 2 m g / k g is considered a 

TSCA regulated waste. As discussed in Section 6.11, bioremediation is not 

an approved TSCA treatment method for PCBs but the aerobic conditions 

created by biosparging would be very unlikely to result in the 

degradation of the PCBs in OU-II NAPL. As a result, biosparging would 

be considered a remedial method for the petroleum-related organic 

compounds in OU-II NAPL but would not constitute a treatment method 

for PCBs. Instead, the limited amount of OU-II NAPL with PCB 

concentrations above 10 mg/kg (i.e., well WB-5) would be addressed by 

the physical removal of NAPL as a liquid phase, and the subsequent off-

site incineration of this recovered NAPL at a TSCA-approved incinerator. 

The USEPA Region II Office of Pesticides and Toxic Substances 

administers the TSCA regulations in New York State and would need to 

agree to this assessment before biosparging could be used. 

7.3.2 Evaluation 

In accordance with NYSDEC FS guidance (NYSDEC, 1990), USEPA RI/FS 

guidance (USEPA, 1988) and Secrion 300.430 of the NCP, this alternative is 

evaluated for the seven criteria listed in Section 7.0. 

7.3.2.1 Overall Protection of Human Health and the Environment 

This alternative would address the remedial action objectives for OU-II 

NAPL as follows: 

the NAPL-only removal system would remove OU-II NAPL as a liquid 
phase to the extent practicable (i.e., 20% of the NAPL present, or 
approximately 30,000 gallons, over the initial three year operating 
period); 

the removal of OU-II NAPL as a liquid phase from all four OU-II 
NAPL areas and the installation of a NAPL recovery trench and 
recovery wells at the downgradient boundary of Harmon yard (i.e., 
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the northwest boundary of OU-II NAPL Area LI) would prevent off-
site migration of OU-II NAPL; and 

maintaining the existing soil cover and Metro-North work practices at 
the OU-II Site would prevent direct contact with subsurface OU-II 
NAPL. 

As a result, this alternative would protect human health and the 

environment and would adequately address all of the remedial action 

objectives for OU-II NAPL. 

As discussed in Section 5.2.2.4, the only viable remedial alternative for 

OU-II Croton Bay sediment that would achieve the remedial action 

objective for sediment is natural attenuation, defined for this area as the 

continued deposition of additional sediment in this area from the Hudson 

River and adjacent surface water bodies. This remedial approach has been 

selected to address the potential unacceptable risks posed by OU-II 

Croton Bay sediment to human health and to aquatic life. This alternative 

includes natural sediment deposition as defined in Section 7.1.1 and, as a 

result, would adequately address the remedial action objectives for OU-II 

Croton Bay sediment. 

Although Section 4.4 concluded that OU-II ground water does not pose 

any current or future unacceptable risks to potential receptors and it is 

very unlikely that the concentrations of chemicals of concern in OU-II 

ground water would increase significantly in the future, ground water 

discharging from the former lagoon area would be monitored to ensure 

the continued protection of human health and the environment. This 

would be accomplished by incorporating an additional perimeter well in 

the OU-II Site area into the Ground Water Monitoring Plan defined in the 

Harmon Railroad Yard Remediation Plan (ERM, 1996) that was approved 

by NYSDEC. As part of the Ground Water Monitoring Plan, trigger 

levels, that would represent the maximum allowable ground water 

concentration of chemicals of concern in OU-II ground water that can 
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migrate off-site without posing unacceptable risks to human health and 

the environment, would be developed and the annual ground water 

monitoring results would be compared to these trigger levels. 

Consequently, compliance with the trigger levels would ensure that OU-II 

ground water migrating past the Harmon Yard property boundary to off-

site receptors does not pose unacceptable risks to human health or the 

environment. 

Compliance with SCGs 

The SCGs and TBCs that were identified in Section 5.1 as applicable or 

relevant and appropriate to this alternative are as follows: 

SCGs 

. Waste Transporter Permits, 6 NYCRR Part 364; 

Hazardous Waste Management Regulations, 6 NYCRR Part 370 
through Part 373; 

. Land Disposal Restrictions, 6 NYCRR Part 376; 

Inactive Hazardous Waste Disposal Site Remedial Program, 6 NYCRR 
Part 375; 

Selection of Remedial Actions at Inactive Hazardous Waste Sites, 
TAGM HWR-90-4030; 

Fugitive Dust Suppression and Particulate Monitoring Program at 
Inactive Hazardous Waste Sites, TAGM HWR-89-4031; 

Toxic Substances Control Act, 40 CFR 761; 

Guidelines and Requirements for Workers at Hazardous Waste Sites 
(Subpart 120), OSHA 29 CFR 1910; 

NYSDEC Technical Guidance for Screening of Contaminated 
Sediment; 
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NYSDEC Fish and Wildlife Impact Analysis for Inactive Hazardous 
Waste Sites; 

Integrated Risk Information System (IRIS); and 

USEPA Risk Assessment Guidance for Superfund (RAGS) Volume I, 
Human Health Evaluation Manual, Part A, Baseline Risk Assessment. 

TBCs 

Article 12 of the New York State Navigation Law (New York Oil Spill, 
Control and Compensation Act); 

Environmental Priorities and Procedures in Petroleum Cleanup and 
Removal, 6 NYCRR Part 611; 

National Contingency Plan, Subpart D, Operational Response Phases 
for Oil Removal, 40 CFR Part 300; 

. Safety and Health Regulations for Construction, OSHA 29 CFR 1926; 

NYSDEC Record of Decision for the Harmon Railroad Yard 
Wastewater Treatment Area, NYSDEC Site Number 3-60-010 
(NYSDEC, 1992), also referred to as the OU-I ROD; and 

. NYSDEC Record of Decision for the Croton Point Landfill, NYSDEC 
Site Number 3-60-001 (NYSDEC, 1993c). 

Because this alternative includes a number of different technologies and 

tasks, a number of SCGs listed in Table 5-1 are applicable and many of the 

SCGs and TBCs are relevant and appropriate for this alternative. This 

alternative complies with the requirements of the Inactive Hazardous 

Waste Disposal Site Remedial Program (6 NYCRR Part 375), and the 

NYSDEC TAGM Selection of Remedial Actions at Inactive Hazardous 

Waste Sites (HWR-90-4030). That is, this alternative complies with these 

regulatory requirements since it eliminates or mitigates all significant 

threats to the public health and to the environment presented by 

hazardous waste disposal at the Site (see 6 NYCRR Part 375-1.10(b)) and 

has been evaluated for the seven criteria listed earlier in Section 7.0 of this 

Feasibility Study and defined in Section 375-1.10(c) of 6 NYCRR Part 375 
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and in Section 5.0 of the NYSDEC TAGM referenced above (NYSDEC, 

1990). 

The NYSDEC TAGM HWR-90-4030 entitled "Selection of Remedial 

Actions at Inactive Hazardous Waste Sites" (NYSDEC, 1990) primarily 

deals with the criteria to be used to evaluate remedial action alternatives 

for inactive hazardous waste sites and the methods to be used to select a 

preferred remedial action alternative. As discussed earlier in this section 

(i.e., Section 7.0), the remedial action alternatives developed for this Site 

(i.e., OU-II) were evaluated for the criteria established by the NYSDEC 

and, as a result, the selection of this alternative would comply with these 

components of the NYSDEC TAGM HWR-90-4030. 

In addition, this NYSDEC document also establishes a hierarchy of 

remedial technology treatments to be consistent with the federal 

Superfund Amendments and Reauthorization Act of 1986 (SARA), Public 

Law 99-499, which amended CERCLA, and with RCRA amendments 

which restricted land disposal. This NYSDEC document states that the 

NYSDEC believes it is important to implement permanent remedies when 

practicable. This alternative would remove OU-II N APL, which is the only 

OU-II media posing potentially unacceptable risks to human health and 

the environment that is to be addressed by remedial actions, as a liquid 

phase and transport it for destruction at an off-site TSCA-approved 

incinerator. As a result, this alternative would comply with the preference 

for treatment established in the NYSDEC TAGM HWR-90-4030. 

This alternative would comply with state rules and regulations, Article 12 

of the New York State Navigation Law, and 6 NYCRR Part 611 which 

require cleanup and removal of petroleum spills. The OU-II NAPL 

recovery trenches and recovery wells that are a key component of this 

alternative would constitute the petroleum cleanup and removal response 

actions required by Article 12 of the New York State Navigation Law and 
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by 6 NYCRR Part 611. In addition, this alternative would remove OU-II 

NAPL to the extent practical, as required by the OU-I ROD (NYSDEC, 

1992) and by the National Contingency Plan (NCP, 1990). Subpart D of the 

NCP at 40 CFR 300.320 (a)(4)(i) requires that the cleanup of petroleum be 

fully sufficient to minimize or mitigate threats to public health and 

welfare and the environment. To summarize, the removal of NAPL is 

required by New York State law and by federal and state regulations and 

the overall approach to NAPL removal outlined in these statutes and 

regulations is to minimize or mitigate, but not necessarily eliminate, risks 

related to NAPL and that reasonable measures should be used to remove 

NAPL to the extent practical. 

As discussed in Section 4.2 and in Section 5.2.1.5, OU-II NAPL has 

migrated less than 200 feet from the former lagoon in the over 20 years 

that it has been present on the water table in this area. As discussed in 

Section 4.4, dissolved constituents from OU-II NAPL and other sources in 

ground water downgradient of the four OU-II NAPL areas do not 

currently pose unacceptable risks to human health or the environment. 

The only potential exposure pathways by which OU-II NAPL could pose 

unacceptable risks to human health or the environment would require 

that OU-II NAPL migrate to the Hudson River or that constituents from 

OU-II NAPL dissolve in ground water at a higher rate in the future. These 

theoretically possible but remote exposure pathways would be sufficiently 

addressed by the OU-II NAPL removal components contained within this 

alternative. Specifically, these components include the removal of liquid 

phase OU-II NAPL and the installation of a recovery trench and wells at 

the downgradient boundary of Harmon Yard, i.e., the northwest 

boundary of OU-II NAPL Area LI. As a result, this alternative would 

comply with these state and federal statutes and regulations regarding the 

cleanup and removal of petroleum released into the environment. 
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In addition, all activities at the Site would be conducted in accordance 

with a Health and Safety Plan that would be prepared during the final 

design to comply with OSHA at 29 CFR 1910, i.e., the Guidelines and 

Requirements for Workers at Hazardous Waste Sites (Subpart 120) and 

OSHA at 29 CFR 1926, i.e., the Safety and Health Regulations for 

Construction. 

As discussed in Section 7.3.1, all waste materials that would be generated 

by implementing this alternative, in particular the mixture of soil and OU-

II NAPL that would be removed during installation of the NAPL recovery 

trench and wells and the OU-II NAPL to be recovered during operation of 

these systems, would be properly characterized, stored, transported and 

disposed of at an approved off-site disposal facility, such as a chemical 

waste landfill (i.e., for the soil and OU-II NAPL mixture) or a TSCA-

approved incinerator (i.e., for separate phase OU-II NAPL). Storage, 

transportation, treatment and disposal of any recovered OU-II NAPL and 

soil mixed with OU-II NAPL would be designed to comply with the 

requirements contained in the regulations pertaining to the management 

of TSCA waste (i.e., 40 CFR 761). In addition, storage, transportation, 

treatment and disposal of any recovered OU-II NAPL and soil mixed with 

OU-II NAPL that may be subsequently characterized as a RCRA 

hazardous waste would be designed to comply with the requirements 

contained in the regulations pertaining to the management of hazardous 

waste. These regulations are: Waste Transporter Permits (6 NYCRR Part 

364); Hazardous Waste Management Regulations (6 NYCRR Part 370 

through Part 373); and Land Disposal Restrictions (6 NYCRR Part 376). 

The active components of this alternative would be designed to comply 

with the substantive requirements of permits that may be applicable to on-

site activities relating to the management of hazardous wastes (e.g., 

storage of a hazardous waste). In accordance with Section 375-1.7 of 6 

NYCRR Part 375, the Inactive Hazardous Waste Disposal Site Remedial 
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Program, no permit, consent, approval or other authorization under any 

local government zoning, land-use, or NYSDEC or other New York State 

regulatory program is required for remedial actions that are: (1) on-site; 

(2) satisfies all the substantive requirements of the permit; and (3) selected 

by a process complying with the public participation program 

requirements of Section 375-1.5, to the extent applicable. 

The ambient air monitoring program discussed in Section 7.3.1.5 that is to 

be implemented during construction of the components of the remedy 

would be designed to comply with the requirements of the NYSDEC 

TAGM HWR-89-4031 entitled "Fugitive Dust Suppression and Particulate 

Monitoring Program at Inactive Hazardous Waste Sites" (NYSDEC, 

1989a). 

As discussed in Section 4.3, the NYSDEC Technical Guidance for 

Screening Contaminated Sediment (NYSDEC, 1993a) was used to identify 

the potential risks posed by chemicals in OU-II Croton Bay sediment. 

Natural sediment deposition, defined in Section 7.1.1, addresses the 

potential risks for this environmental media that were identified based on 

this SCG. 

7.3.2.3 Long Term Effectiveness and Permanence 

Long-term effectiveness and permanence is measured by the magnitude of 

the residual risk and the adequacy and reliability of controls. This 

alternative would reduce any potential long term risks attributable to OU-

II NAPL by achieving the remedial action objectives established in Section 

5.2.1.5: 

to prevent further off-site migration of OU-II NAPL; 
to remove OU-II NAPL to the extent practicable; and 
to continue to prevent direct contact with subsurface OU-II NAPL in 
the vicinity of the former lagoon. 
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As discussed in Section 4.2.2, OU-II NAPL is primarily located within the 

Harmon Yard property boundaries and potential direct contact exposures 

or migration pathways leading to unacceptable risks to human health or 

the environment are very unlikely. OU-II NAPL has been observed in off-

site monitoring wells in only one NAPL area (i.e., OU-II NAPL Area L4). 

As discussed in Section 5.2, the off-site OU-II NAPL adjacent to OU-II 

NAPL Area L4 appears to be a remnant of ground water flow patterns in 

the former lagoon area. Current ground water flow directions have 

reversed in this area since operation of the former lagoon was 

discontinued and the lagoon was remediated. Ground water in OU-II 

NAPL Area L4 now flows toward the OU-II Harmon Yard Site. 

Further migration of OU-II NAPL from OU-II NAPL Area L4 is unlikely 

due to the compacted soil believed to have been used in the construction 

of the off-site perimeter road that surrounds the former lagoon area. The 

10 to 20 feet of unsaturated soil that overlies OU-II NAPL, the standard 

practices discussed in Section 6.3 that are used by Metro-North to govern 

subsurface work throughout Harmon Yard, the BMPs to be developed to 

formalize these practices, and the proximity of OU-II NAPL to the 

remediated OU-I former lagoon virtually eliminates the risk that OU-II 

NAPL would be exposed in the future. In addition, Section 4.4 discussed 

the limited effects that OU-II NAPL and the former lagoon have had on 

ground water in this area. 

In conclusion, the current exposure and migration risks related to OU-II 

NAPL are minimal. As discussed below, the NAPL recovery trench and 

wells that would be installed if this alternative were selected would 

further reduce these already low risks by removing OU-II NAPL. In 

addition, the NAPL recovery trench that would be installed at the 

northwest boundary of Harmon Yard in OU-II NAPL Area LI would 

provide an effective barrier to the potential (but unlikely) migration of 

OU-II NAPL from this area to the adjacent off-site former New York 
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Central Railroad Company property and would thus continue to contain 

OU-II NAPL within the Harmon Yard property boundaries. 

NAPL-only recovery from the four OU-II NAPL areas would be reliable in 

removing subsurface OU-II NAPL, to the extent practicable. NAPL-only 

recovery from the OU-II NAPL Area LI recovery trench would be 

effective in preventing off-site NAPL migration from this OU-II NAPL 

area. Maintaining the 10 to 20 feet of soil that currently covers OU-II 

NAPL, prohibiting the installation of on-site water supply wells in OU-II 

NAPL areas, maintaining the existing Metro-North subsurface work 

practices, and implementing the BMPs to be developed by Metro-North 

for subsurface work would be reliable in preventing direct contact with 

on-site OU-II NAPL. 

The primary focus of this alternative is the removal of OU-II NAPL as a 

liquid phase through the operation of the recovery wells to be installed in 

each of the four OU-II NAPL areas and the subsequent incineration of this 

separate phase OU-II NAPL at an off-site incinerator. As discussed in 

Section 5.2.1.4, this RI/FS assumes, based on the results of the analysis of 

OU-II NAPL samples collected during previous removal operations, that 

OU-II NAPL that is to be recovered from these areas will be classified as a 

RCRA and TSCA regulated waste. As a result, it was assumed that this 

material will be incinerated at an off-site RCRA and TSCA permitted 

incinerator. If testing demonstrates that this material is not a RCRA and 

TSCA regulated material, it would be incinerated at a permitted non-

hazardous waste incinerator. 

In any case, OU-II NAPL that would be removed as a liquid phase from 

the subsurface environment by NAPL-only removal would be incinerated 

off-site. Incineration would permanently destroy all of the organic 

compounds present in OU-II NAPL, including the petroleum constituents 

that comprise the majority of this material. It would also permanently 
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destroy the PCBs that have been detected in OU-II NAPL. This alternative 

relies on incineration as the primary disposal mechanism for OU-II NAPL. 

Consequently, the complete and permanent destruction of OU-II NAPL 

provided by this alternative would satisfy the regulatory preference 

contained in CERCLA for treatment and uses the primary remedial 

approach, i.e., treatment, recommended in the NYSDEC guidance for the 

selection of remedial actions at hazardous waste sites (NYSDEC, 1990). 

Incineration is an effective long-term approach to OU-II NAPL. 

Implementation of this alternative, then, would permanently eliminate the 

potential risks posed by the OU-II NAPL that would be removed if this 

alternative were implemented. 

In addition, natural sediment deposition is a component of this 

alternative. The NYSDEC concluded, with respect to sediment in Croton 

Bay impacted by the adjacent Croton Point Landfill, that the long-term 

effectiveness and permanence of natural sediment deposition, as 

measured by the residual risk and the adequacy and reliability of this 

approach, would be acceptable. This conclusion is also applicable to OU-II 

Croton Bay sediment. 

Reduction of Toxicity, Mobility or Volume 

As discussed in Section 5.2.1.2, OU-II NAPL is primarily comprised of 

diesel fuel and contains PCBs and inorganic constituents such as 

chromium, lead and arsenic. There is approximately 153,000 gallons of 

OU-II NAPL present at the Site. NAPL-only recovery would generate two 

waste streams that effect toxicity, mobility and volume of the chemicals 

present at the OU-II site (i.e., petroleum hydrocarbons, PCBs and 

inorganic constituents): 

OU-II NAPL removed as a liquid phase; and 
overlying soil, OU-II NAPL and associated subsurface soil and drill 
cuttings removed during the installation of the OU-II NAPL recovery 
trench and wells. 
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The manner in which this alternative deals with the Site-related chemicals 

contained in these various waste streams is discussed below. 

This alternative would remove OU-II NAPL as a separate liquid phase 

and transport it for disposal and destruction at a TSCA-approved off-site 

incinerator. As discussed in Section 5.2.1.4, incineration of OU-II NAPL 

that contains PCBs in concentrations over 2 ppm is required in order to 

comply with TSCA disposal regulations. In order to compare the ability of 

each of these technologies to remove NAPL and to comply with the 

NYSDEC requirement to consider the length of time needed for each 

technology to remove NAPL, the amount of NAPL that each technology 

could remove in a relatively short time period (i.e., three to four years) was 

estimated. As discussed in Section 6.4.2, N APL-only recovery is expected to 

remove approximately 20% of the total amount of NAPL present in 

subsurface soil. As a result, it is expected that NAPL-only recovery would 

remove approximately 30,600 gallons of OU-II NAPL in the first three years 

of operation (i.e., 0.20 x 153,000 gallons). 

As discussed in Section 7.3.1.9, OU-II NAPL that is removed by NAPL-

only recovery would be incinerated in a TSCA-approved off-site 

incinerator. Incineration would completely destroy the volatile and semi-

volatile organic compounds that comprise diesel fuel and the PCBs that 

have been detected in OU-II NAPL. The relatively low concentrations of 

inorganic constituents present in OU-II NAPL would be handled with the 

ash that would be derived from the incineration of this material. Ash from 

RCRA and TSCA-approved incinerators is disposed of in a chemical waste 

landfill in accordance with the RCRA and TSCA permits for these 

incineration facilities. 

The incineration of the OU-II NAPL that would be recovered if this 

alternative were selected would destroy the PCBs and other organic 

ERM-NORTHEAST 7-73 F:\DATA\PROJECTS\MNCROUII\FS_TEXT\SECT_7.DOC 

file://F:/DATA/PROJECTS/MNCROUII/FS_TEXT/SECT_7.DOC


compounds in OU-II NAPL and would eventually result in the 

containment of the inorganic constituents in this material (i.e., the 

incinerator ash) in a chemical waste landfill. These actions would 

permanently reduce the mobility, toxicity and the volume of chemicals 

found in the 30,600 gallons of OU-II NAPL that would be removed as a 

liquid phase by NAPL-only removal during the first three years of 

operation. 

The approximately 122,400 gallons of OU-II NAPL that would remain at 

the OU-II Site as residual saturation (i.e., 0.8 x 153,000 gallons) would be 

less mobile than the OU-II NAPL that would be removed as a liquid phase 

by NAPL-only recovery. Furthermore, biodegradation that occurs 

naturally or is accelerated by biosparging would eventually permanently 

destroy the organic compounds in residual OU-II NAPL. Natural 

biodegradation would degrade some of the remaining OU-II NAPL and 

biosparging, as described in Section 7.3.1.11 as an optional task, would 

accelerate the biodegradation of petroleum related chemicals in OU-II 

NAPL. As discussed in that section, the aerobic conditions created by 

biosparging would be unlikely to promote biodegradation of PCBs. 

Consequently, biosparging would not be expected to treat PCBs. Thus, 

implementation of this technology would not be subject to TSCA disposal 

restrictions and would not be dependent upon the residual concentration 

of PCBs in soil. 

As discussed in Section 7.3.1.3 and as shown on Table 7-3, it was assumed 

for cost estimating purposes that: (1) 25% of the overlying soil that would 

be removed to construct the NAPL recovery trench in OU-II NAPL Area 

LI would be disposed of at a RCRA and TSCA approved chemical waste 

landfill; and (2) all of the OU-II NAPL and associated subsurface soil 

removed during trench construction and all of the drill cuttings generated 

during well installation would be disposed of at a RCRA and TSCA 

approved chemical waste landfill. A total of 143 cubic yards of this 
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material would be removed and disposed of off-Site if this alternative 

were selected. A breakdown of the quantity of mixed soil and OU-II 

NAPL for each activity is shown below: 

Waste Percent 
Disposed 
Off-Site 

Total Quantity 
(cubic yards) 

Quantity 
Disposed 
Off-Site 
(cubic yards) 

Overlying Soil 25% 88 22 
OU-II NAPL and 
Associated Subsurface 
Soil 

100% 110 (1) 110 

Drill Cuttings 100% 11 11 
TOTAL QUANTITY, OFF-SITE DISPOSAL = 143 

NOTES: 

1. Approximately 110 cubic yards of OU-II NAPL and associated 
subsurface soil would be generated by the construction of the NAPL 
recovery trench in OU-II NAPL Area LI. 

The mobility of the chemicals in the 143 cubic yards of soil mixed with 

OU-II NAPL generated during trench and well construction would be 

reduced by the placement of this material in a lined and covered RCRA 

and TSCA approved chemical waste landfill. 

Natural sediment deposition in the OU-II Croton Bay sediment area, 

which is a component of this alternative, would have no affect on the 

toxicity or volume of chemicals in this sediment. However, the mobility of 

chemicals in OU-II Croton Bay sediment would be reduced as sediment 

from adjacent surface water bodies covers and contains OU-II Croton Bay 

sediment. 

7.3.2.5 Short-Term Effectiveness 

As discussed in Section 7.3.1, design, construction and installation of the 

NAPL removal components defined in this alternative can be completed 

and operation can begin within one to two years from the approval by the 
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NYSDEC of a Remedial Design and Remedial Action Work Plan. A 

Remedial Design and Remedial Action Work Plan is typically required by 

the NYSDEC following the selection of a remedial action approach in a 

NYSDEC record of decision. The specific schedule for implementation of 

this alternative would be defined in the Remedial Design and Remedial 

Action Work Plan. Much of this time would be used for design, regulatory 

approval and contractor selection and procurement. On-site construction 

activities, such as the installation of the NAPL recovery trench and wells 

and transportation to an off-site disposal facility of the waste generated 

during construction, would occur over a time period that would probably 

not exceed three to six months. Potential short-term effects during 

construction of the remedy, then, would be limited to this three to six 

month time period. The estimated time period for automated NAPL-only 

recovery at the Site after the remedy has been designed, approved and 

constructed is 15 years. 

As discussed in Section 7.3.2.4, the amount of NAPL that various NAPL 

removal technologies could remove in a relatively short period of time 

(i.e., 3 years) was estimated in order to compare the ability of each of these 

technologies to remove NAPL and to comply with the NYSDEC 

requirement to consider the time needed for each technology to remove 

NAPL. This analysis, discussed in section 6.4.2, concluded that most, if not 

all, of the NAPL that could be removed through NAPL-only recovery 

would be removed in the first 3 years of operation. Operation of the 

NAPL-only recovery systems may continue after the initial 3 year period, 

but the rate at which NAPL would be removed is expected to decrease 

substantially. For the purposes of this evaluation, however, it was 

assumed that the potential short-term effects from operation of this 

alternative would occur over a period of 3 years. 

The possible short-term exposures that could result from implementation 

of this remedy are related to the following activities: 
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to community and recovery trench installation, OU-II NAPL 
workers: recovery; and 

to community and the transportation of soil, OU-II NAPL and 
environment: bioslurry solids generated during trench 

construction and transportation of recovered 
OU-II NAPL. 

The potential for a temporary increase of risk to the community and 

workers due to particulate emissions (dust) during recovery trench 

construction would be controlled by the use of dust control measures such 

as water or foam sprays. The degree to which these measures would be 

used would depend upon particulate levels in ambient air at the property 

boundary as determined through the particulate air monitoring program. 

Workers would also be protected by respirators (if needed) and protective 

clothing. 

Potential short-term risks to the community could be posed by this 

alternative from transportation of excavated trench soil and OU-II NAPL 

to an off-site disposal facilities. Automotive related injuries, as well as 

potential exposure of spilled material to the community and the 

environment along the transportation route would be potential concerns. 

Because no more than 21 transportation vehicles would be expected to 

leave the Site during construction of the remedial components of this 

alternative, the potential concerns associated with this short-term effect 

are minimal. 

As discussed in Section 4.2.2, the existing data clearly demonstrates the 

following: (1) exposures to OU-II NAPL and to OU-II NAPL constituents 

have not occurred in the past; (2) there are no OU-II NAPL or OU-II 

NAPL constituent exposure pathways at the current time; and (3) it is very 

unlikely that such exposures will occur in the future. As a result, the 

presence of OU-II NAPL would not pose an unacceptable risk to human 
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health or the environment during the two year time period that it is 

expected would be required to design and construct the remedy. Once the 

NAPL recovery trench and wells and the NAPL-only recovery systems 

have been installed and operation begins, movement of OU-II NAPL 

would be controlled and the potential migration of OU-II NAPL and the 

risks associated with these pathways would be further minimized and 

possibly eliminated. 

As discussed in Section 7.3.1.8, after NAPL in the initial recovery wells has 

been reduced to levels that cannot be removed by NAPL-only removal, 

enhancements may be conducted to promote additional NAPL recovery. 

NAPL-only recovery enhancements would be conducted if NAPL remains 

in the initial recovery wells and adjacent NAPL monitoring wells at levels 

that cannot be considered residual, or stagnant, NAPL. These 

enhancements would include relocation of NAPL-only recovery equipment 

to additional recovery wells and hot water injection, if relocation of 

equipment does not sufficiently remove NAPL. If the relocation of NAPL-

only recovery equipment in additional recovery wells and hot water 

injection do not sufficiently remove OU-II NAPL, biosparging, identified in 

Section 7.3.1.11 as an optional task, would be conducted. A detailed 

discussion regarding the decision criteria for implementation of NAPL-only 

recovery enhancements and biosparging is provided in Section 7.3.1.8. 

Performance of the NAPL recovery enhancements and biosparging is 

expected to take an additional 5 to 10 years to complete. During this 

additional time period, limited short-term effects would be posed by this 

alternative. 

Operation of the NAPL-only recovery enhancements would pose the same 

potential short-term risks as operation of the NAPL-only recovery systems 

discussed above. They would be: 
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to community and OU-II NAPL recovery; and 
workers: 
to community and the transportation of recovered OU-II NAPL. 
environment: 

These risks would be managed as discussed above for operation of the 

NAPL-only recovery systems. The purpose of hot water injection is to 

decrease the viscosity of the OU-II NAPL and promote OU-II NAPL flow to 

the recovery systems. Consequently, hot water injection will not be 

conducted at a temperature that would cause chemicals present in OU-II 

NAPL to volatilize. As a result, no additional short-term risks are expected 

to be posed by the proposed NAPL-only recovery enhancements. 

In contrast, potential short-term risks to the community could, however, 

be posed by operation of a biosparging system. Biosparging requires the 

injection of air into subsurface soil that contains PCBs and other organic 

compounds. Although the constituents in OU-II NAPL are considered 

semi-volatile organic compounds, they would volatilize to some extent. 

As a result, the injection of air into this subsurface environment may cause 

some of this material to volatilize and be released into unsaturated soil 

and eventually into ambient air. Volatilized NAPL constituents can also 

migrate into enclosed spaces, such as storm drains, other utilities and the 

structures associated with the new Harmon Yard wastewater treatment 

facility, such as the main treatment building and the wet well. Off-site 

migration through the subsurface soil to off-site areas is also possible. 

Any worker health and safety concerns associated with the installation 

and operation of a biosparging NAPL removal system could be managed 

with a properly implemented HASP. 

There would be no short-term effects from natural sediment deposition in 

the OU-II Croton Bay sediment area. 
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7.3.2.6 Implementability 

No special technologies, materials, or labor would be required to complete 

the work proposed under this alternative. On-site soil cover maintenance, 

on-site public well restrictions, recovery well and ground water 

monitoring well installation, trench installation, NAPL recovery and 

disposal and ground water monitoring are proven technologies and are 

easily implementable from an engineering perspective. Biosparging, 

although less proven, has shown to be a viable polishing technology at 

other sites. Because the injection of air during biosparging would not 

promote the biodegradation of PCBs, which require anaerobic conditions 

to degrade, the TSCA disposal restrictions would not apply to 

biosparging. There are no unknown design factors or technological 

difficulties associated with any of the technologies identified above. 

As discussed in Sections 6.2 and 6.3, on-site access and use restrictions are 

currently maintained by Metro-North. These practices are to be 

formalized by the BMPs being developed for Metro-North as part of the 

Environmental Studies Project. As discussed in Section 5.2.1.1, all but a 

limited (i.e., a 100 foot by 20 foot area adjacent to OU-II NAPL Area L4) 

area of OU-II NAPL is located within the boundaries of the Harmon Yard 

property. As a result, the current and anticipated access and use 

restrictions maintained by Metro-North for Harmon Yard are 

implementable. As discussed in Sections 6.2 and 6.3, access to and use of 

the limited off-site OU-II NAPL Area L4 is restricted by its proximity to 

Harmon Yard, which would require Metro-North's approval for any 

subsurface excavation work in this area, and by the NYSDEC requirement 

(NYSDEC, 1993a) that a deed restriction be implemented for this 

Westchester County property that restricts future use of ground water in 

this area. These access and use restrictions are also implementable. 
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In addition, there are no barriers to the implementability of natural 

sediment deposition in the OU-II Croton Bay sediment area. 

Cost 

The total capital and operation and maintenance (O&M) cost of 

Alternative II (without biosparging) is approximately $1,281,155. The 

total capital cost for this alternative is approximately $805,498 and the 

total present worth of the O&M costs for this alternative is approximately 

$475,656. The capital cost includes a 45 percent increase over the base cost 

to address administrative, engineering and contingency costs. The present 

worth of the annual O&M costs includes operation of the NAPL-only 

recovery systems (approximately $130,500 per year for 3 years), site 

inspections (approximately $2,000 per year for 30 years) and ground water 

monitoring, referred to as a common action in the Appendix J cost tables 

(approximately $4,000 per year for 30 years). The present worth for all 

O&M costs was based on a discount rate of 7% in accordance with 

Revisions to OMB Circular A-94 on Guidelines and Discount Rates for Benefit 

Cost Analysis, OSWER Directive 9355.3-20, 25 June 1993 (USEPA, 1993a) 

and a 20% contingency. 

Based on the extent of OU-II NAPL at the Site, it was conservatively 

assumed that all of the OU-II NAPL that could be recovered using NAPL-

only recovery would be removed within 3 years. In contrast, a 30-year 

time period was assumed for on-going (i.e., post-closure) O&M activities, 

such as ground water monitoring and site inspections. A 30 year ground 

water monitoring period was conservatively assumed based on the 30 

year post-closure care period required for RCRA solid and hazardous 

waste units under federal regulation 40 CFR 264.117. However, RCRA (40 

CFR 264.117(c)) also allows for a reduction in the 30-year time period 

provided Site inspection reports demonstrate that the site is secure. 
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In accordance with the draft proposed NYSDEC Division Technical and 

Administrative Guidance Memorandum, Division Policy on Regular Review 

of Remedial Actions, (NYSDEC, 1995), annual site inspections would be 

conducted to evaluate the performance and effectiveness of the remedial 

action and the need for continued O&M at the Site. At the conclusion of 

these site inspections, the inspector would complete the "Hazardous 

Waste Site Annual Review Certification", recommend improvements to 

the remedial action or recommend that the site be delisted. Unlike 

CERCLA practices and the RCRA post-closure requirements (40 CFR 

264.117(c)), which recommend conducting inspections every five years 

after the remedy has been completed, NYSDEC recommends that 

inspections be conducted annually during and after implementation of the 

remedial action. As such, annual site inspections would provide an 

opportunity for termination of O&M at the Site. 

In addition to the capital and O&M costs discussed above for the common 

action and the NAPL-only recovery components of Alternative II, 

additional capital and O&M costs would be incurred if biosparging is 

conducted. Biosparging is discussed in Section 7.3.1.11 as an optional task 

that would be implemented if additional OU-II NAPL can no longer be 

removed as a liquid phase using enhanced NAPL-only removal methods 

as discussed in Section 7.3.1.8 (i.e., moving NAPL-only recovery systems 

to other wells and hot water injection) and NAPL remains in recovery and 

monitoring wells at levels that cannot be considered residual, or stagnant, 

NAPL, as discussed in Sections 5.2.1.1 and 5.2.1.5. The total capital cost 

for biosparging would be approximately $96,860 and the total present 

worth of the O&M costs for biosparging would be approximately 

$307,970. Since biosparging would not be conducted until after NAPL-

only recovery has been completed and NAPL-only recovery is expected to 

take up to 15 years to complete, the total present worth cost of 

biosparging (i.e., $404,828) was discounted 15 years to 1997 dollars. Using 

a single payment factor with a discount rate of 7% in accordance with 
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Revisions to OMB Circular A-94 on Guidelines and Discount Rates for Benefit 

Cost Analysis, OSWER Directive 9355.3-20, 25 June 1993 (USEPA, 1993a), 

the resulting present worth cost for biosparging in 1997 dollars would be 

approximately $145,740. As a result, the total present worth cost for 

Alternative II if the optional biosparging task is implemented would 

increase by $145,740, from $1,281,155 to $1,426,893. 

The capital cost of $96,860 for biosparging includes a 45 percent increase 

over the base costs to address administrative, engineering and 

contingency costs. The annual O&M cost for the biosparging system is 

$38,400 per year for 10 years. The present worth for all O&M costs was 

based on a discount rate of 7% in accordance with Revisions to OMB 

Circular A-94 on Guidelines and Discount Rates for Benefit Cost Analysis, 

OSWER Directive 9355.3-20, 25 June 1993 (USEPA, 1993a) and a 20% 

contingency. 

A detailed description of the Alternative II cost estimates is provided in 

Appendix J. 

7.4 ALTERNATIVE III: EXCA VATION AND OFF-SITE DISPOSAL OF OU-

II NAPL 

7.4.1 Description 

Alternative III would entail the excavation of OU-II NAPL and the soil 

that is present above OU-II NAPL and the subsequent transportation of 

OU-II NAPL and the contaminated portions of the associated subsurface 

soil for disposal at an off-site facility. This alternative consists of the 

following technologies: 

1. Common Actions, as discussed in Section 7.1, including: 
Natural Sediment Deposition (Task No. 1); and 
Ground Water Monitoring (Task No. 2). 
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2. Excavation and Off-site Disposal of OU-II NAPL, including: 

Site Preparation (Task No. 3); 

Excavation of Overlying Soil and OU-II NAPL and Associated 
Subsurface Soil (Task No. 4); 

Ambient Air Monitoring for Particulates During Excavation (Task 
No. 5); 

Off-site Disposal of (Some) Overlying Soil and OU-II NAPL and 
Associated Subsurface Soil (Task No. 6); 

Backfill and Replacement of Excavated Soil (Task No. 7); 

Site Restoration (Task No. 8); and 

Access and Use Restrictions (Task No. 9). 

The common actions are described in general in Section 7.1. The specific 

actions and the sequence of work required to implement this alternative are 

described below. A summary of the remedial components of this alternative 

is presented in Table 7-1. The components of Alternative III, i.e., the extent 

of OU-II NAPL and associated subsurface soil to be excavated, are shown 

on Figure 7-5. 

Design and implementation of the OU-II NAPL excavation work defined 

in this alternative can be completed within one to two years from the 

approval by the NYSDEC of a Remedial Design and Remedial Action 

Work Plan. A Remedial Design and Remedial Action Work Plan is 

typically required by the NYSDEC following the selection of a remedial 

action approach in a NYSDEC record of decision. The specific schedule for 

implementation of this alternative would be defined in the Remedial 

Design and Remedial Action Work Plan. 
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7.4.1.1 Task No. 1: Natural Sediment Deposition (Common Action) 

As discussed in Section 5.2.2.4, 6.0 and 7.1.1, natural sediment deposition 

would be ongoing at the Site and therefore would not impact the remedial 

action sequence of work. Natural sediment deposition is defined in this 

case as the continued deposition of additional sediment in the OU-II 

Croton Bay sediment area from the Hudson River and adjacent surface 

water bodies. 

7.4.1.2 Task No. 2: Ground Water Monitoring (Common Action) 

As discussed in Section 7.1.2, this common action would involve 

incorporating an additional ground water monitoring well into the Harmon 

Yard Ground Water Monitoring Plan that was defined in the Harmon 

Yard Remediation Plan (ERM, 1996). The Harmon Yard Remediation Plan has 

been approved by the NYSDEC. The Harmon Yard Ground Water 

Monitoring Plan provides for the collection and analysis of ground water 

samples on an annual basis. As discussed in Section 7.1.2, maximum 

concentrations (i.e., trigger levels) for the OU-II ground water chemicals of 

concern identified on Table 7-2 would be developed based on the 

procedures used in the Harmon Yard Remediation Plan (ERM, 1996) to 

develop Harmon Yard ground water trigger levels. The analytical results 

and the ground water trigger levels for OU-II ground water would be 

presented in the annual Site operation, maintenance and monitoring 

report to be submitted to NYSDEC. The need for and contents of this 

annual report was discussed in Section 7.1.2. This common action would 

not impact the remedial action sequence of work 

7.4.1.3 Task No. 3: Site Preparation 

Site Preparation would entail: (1) removing the Site border fencing and 

existing vegetation in OU-II N APL Areas LI and L4; and (2) demolition of 
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the small building foundation located adjacent to the pump station in OU-

II NAPL Area L3, as shown on Figure 7-5. This task would be conducted at 

the start of the remedial action. 

Task No. 4: Excavation of Overlying Soil and OU-II NAPL and 

Associated Subsurface Soil 

Overlying soil and OU-II NAPL and associated subsurface soil would be 

excavated from the four OU-II NAPL areas. The overlying soil that is 

present above OU-II NAPL would first be removed from the areas to be 

excavated. Overlying soil is defined as the soil that is present above OU-II 

NAPL but that has not come in contact with OU-II NAPL and does not 

contain OU-II NAPL constituents. OU-II NAPL and associated subsurface 

soil that contains OU-II NAPL constituents would then be removed until 

the water table is encountered. Approximately one to two feet of soil 

located beneath the water table may also be excavated if necessary to 

remove residual OU-II NAPL saturated soil. To estimate the volume of 

soil that would be removed, the average maximum depth to ground water 

for each of the four OU-II NAPL areas was determined. Although the 

maximum depth to ground water for the four OU-II NAPL areas ranges 

from 9 to 20 feet below grade, soil volume estimates were based upon the 

average maximum depth to ground water. The average maximum depth 

to ground water in OU-II NAPL Areas LI, L2 and L3 is approximately 14 

feet below grade and the average depth to ground water in OU-II NAPL 

Area L4 is approximately 12 feet below grade. Conservatively assuming 

water table fluctuations of two to three feet, the average depth of soil 

excavation was estimated to range from 15 feet to 16 feet below grade. 

Refer to Appendix K for additional information. 

OU-II NAPL and associated subsurface soil that has come in contact with 

OU-II NAPL would be segregated from overlying soil (i.e., soil that has not 

come in contact with OU-II NAPL). Based on water table fluctuations 
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observed in the OU-II NAPL areas, it has been assumed that soil located 

two feet above the OU-II NAPL layer and two feet below the water table 

has come in contact with OU-II NAPL and is likely to contain OU-II NAPL 

constituents. Assuming an average OU-II NAPL thickness of two feet, six 

feet of OU-II NAPL and associated subsurface soil would be removed from 

each of the OU-II NAPL areas. Consequently, approximately ten feet of 

overlying soil would be removed from OU-II NAPL Areas LI, L2 and L3 

and approximately nine feet of overlying soil would be removed from 

OU-II NAPL Area L4. 

The horizontal limits of excavation have been determined based on the 

historic maximum extent of OU-II NAPL (see Figure 7-5). Prior to 

excavation, sheeting would be installed to allow excavation adjacent to the 

following facilities: (1) the sludge digester located in OU-II NAPL Area L3; 

(2) the remaining building foundation located adjacent to the new 

treatment plant building in OU-II NAPL Area L3; and (3) a portion of the 

containment area for the equalization tanks located in OU-II NAPL Area 

L4. The sheeting would be installed to a depth approximately 25 feet 

below grade. 

As shown in Figure 7-5, OU-II NAPL Area L4 extends off-site and beneath 

the off-site roadway bordering the Site. As a result, to excavate this off-site 

OU-II NAPL, the off-site roadway located in OU-II NAPL Area L4 would 

be removed as part of the excavation. 

Using the average maximum depth to water in each of the OU-II NAPL 

areas and the maximum extent of NAPL in each of the four OU-II NAPL 

areas, excluding the minor portions of OU-II NAPL that would remain 

beneath existing structures and foundations in OU-II NAPL Areas L3 and 

L4 (see Figure 7-5), the quantity of overlying soil, as well as the quantity of 

OU-II NAPL and associated subsurface soil that would be removed under 

Alternative III from each of the four OU-II NAPL areas was estimated. 
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The areal extent of excavation was estimated using the maximum extent 

of OU-II NAPL determined in Section 5.0. To compensate for the minor 

amount of OU-II NAPL that would not be removed using excavation (i.e., 

NAPL beneath the sludge digester and former building foundation in OU-

II NAPL Area L3 and OU-II NAPL beneath the containment area for the . 

equalization tanks in OU-II NAPL Area L4), the OU-II NAPL that would 

remain in OU-II NAPL Areas L3 and L4 was subtracted from the 

maximum extent of OU-II NAPL. Approximately 370 square feet of OU-II 

NAPL would remain beneath OU-II NAPL Area L3 and approximately 

730 square feet of OU-II NAPL would remain beneath OU-II NAPL Area 

L4. The areal extent in square feet (sf) of OU-II NAPL excavation in the 

four OU-II NAPL areas would be as follows: 

OU-II 
NAPL 
Area 

Maximum Areal 
Extent of OU-II 

NAPL 
(square feet) 

OU-II NAPL 
Remaining after 

Excavation 
(square feet) 

Areal Extent 
of OU-II NAPL 

Excavation 
(square feet) 

LI 11,900 - 0 = 11,900 
L2 1,100 - 0 = 1,100 
L3 2,200 - 370 = 1,800 
L4 26,400 - 730 = 25,700 
Total 41,600 - 1,100 = 40,500 

As shown below, approximately 14,040 cubic yards of overlying soil and 

approximately 8,990 cubic yards of OU-II NAPL and associated 

subsurface soil would be removed under Alternative III. Additional 

discussion regarding these soil volume calculations are provided in 

Appendix K. The volume in cubic yards (cy) of OU-II NAPL and 

associated subsurface soil to be removed under this alternative are as 

follows: 

OU-II 
NAPL 
Area 

Areal Extent of 
OU-II NAPL 
Excavation, sf 

Average 
Depth to 
Water, ft 

Depth of 
Overlying 

Soil, ft 

Volume of 
Overlying 

Soil, cy 

Volume of OU-II 
NAPL and 
Associated 

Soil, cy 

LI 11,900 16 10 4,400 2,645 
L2 1,100 16 10 410 245 
L3 1,800 16 10 670 400 
L4 25,700 15 9 8,560 5,700 

Total Volume to be Excavated (cubic yards) = 14,040 8,990 
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Overlying soil (i.e. the upper 9 to 10 feet of soil that has not come in 

contact with OU-II NAPL) would be excavated and stockpiled for 

analysis. After overlying soil has been removed, OU-II NAPL and 

associated subsurface soil would be excavated and transferred into leak-

proof containers. As discussed in Section 7.3.1.6 with respect to the OU-II 

NAPL and associated subsurface soil that would be removed to install the 

NAPL recovery trench proposed for Alternative II, excavated OU-II NAPL 

and associated subsurface soil may be mixed with portland cement or 

cement kiln dust to solidify this OU-II NAPL and soil mixture. As discussed 

above, the OU-II NAPL and associated subsurface soil would be 

segregated from the overlying soil. Characterization testing and disposal 

of these materials is discussed in Section 7.4.1.6, Task No. 6. 

7.4.2.5 Task No. 5: Ambient Air Monitoring for Particulates 

An ambient air monitoring program that would measure the 

concentration of particulates in ambient air in the work zone and at the 

perimeter of the OU-II Site would be implemented during construction 

activities that entail the excavation and subsequent handling of soil and 

other waste material. This ambient air monitoring program would be 

designed in accordance with the NYSDEC TAGM HWR-89-4031 entitled 

"Fugitive Dust Suppression and Particulate Monitoring Program at 

Inactive Hazardous Waste Sites" (NYSDEC, 1989a). Dust control measures 

such as water or foam sprays, or limiting areas of soil to be disturbed at any 

one time would be used at the Site during these activities. The degree to 

which these measures would be used would depend on particulate levels in 

ambient air at the perimeter of the OU-II Site as determined through the 

particulate air monitoring program. Workers would also be protected by 

respirators (if needed) and protective clothing. 
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Task No. 6: Off-site Disposal of (Some ) Overlying Soil and OU-IINAPL 

and Associated Subsurface Soil 

This section describes the probable disposal requirements for the wastes 

that would be generated by this alternative. These waste disposal 

assumptions were based on information that is currently available that 

characterizes the waste streams that would be generated during 

implementation of this alternative and on the regulatory evaluation 

presented in Section 5.2.1.4. A summary of the waste disposal assumptions 

used in this section is presented in Table 7-3 and is shown on the typical 

excavation cross-section presented in Figure 7-4. Assumptions regarding 

waste disposal are presented here in order to estimate the cost to implement 

this alternative, as presented in Section 7.4.2.7, and to provide guidance on 

how this material would be handled for disposal purposes. However, if this 

alternative is selected and implemented, the actual disposal requirements 

for the waste material that would be generated during construction of the 

remedy would be based on the results of the analysis of samples of waste 

material collected prior to disposal. For example, if the OU-II NAPL and 

associated subsurface soil that would be removed from all four OU-II NAPL 

areas contains PCBs in concentrations less than 2.0 mg/kg , the TSCA anti

dilution rule discussed in Section 5.2.1.4 would not apply and this material 

would not be subject to TSCA disposal requirements. Similarly, if this waste 

material did not exhibit the characteristics of a RCRA hazardous waste, then 

the RCRA hazardous waste storage, transportation and disposal 

requirements for a RCRA characteristic hazardous waste would also not 

apply. 

As discussed in Section 7.4.1.4, overlying soil and OU-II NAPL and 

associated subsurface soil containing OU-II NAPL constituents would be 

excavated separately and stockpiled for disposal testing. Approximately 

14,040 cubic yards of overlying soil and approximately 8,990 cubic yards of 

OU-II NAPL and associated subsurface soil would be excavated. Soil 
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volume calculations are provided in Appendix K. To determine the 

acceptable uses and disposal requirements for these materials, separate soil 

samples would be collected from overlying soil and from the mixture of 

OU-II NAPL and associated subsurface soil containing OU-II NAPL 

constituents. Refer to Figure 7-4 for the assumptions used to determine the 

disposal requirements for the waste materials that would be generated if 

this alternative were to be implemented. As discussed above, the actual 

disposal requirements for these materials would be based on the results of 

the analysis of samples of this material that would be collected prior to off-

site disposal or placement as on-site backfill (i.e., for overlying soil). 

Soil samples would be collected from the stockpiled overlying soil at a 

frequency of one composite sample per 500 cubic yards of soil. These 

samples would be analyzed for PCBs. Based on previous decisions by the 

USEPA regarding TSCA requirements for surface soil around the former 

lagoon (USEPA, 1992c) discussed in Section 5.2.1.4, it was assumed that 

the soil that overlies the OU-II NAPL and that does not contain chemicals 

from OU-II NAPL would be regulated according to its actual PCB 

concentration. That is, overlying soil that contains less than 50 m g / k g of 

PCBs would not be regulated by TSCA. This soil would be handled in 

accordance with the remedial goals for PCBs in surface and subsurface soil 

defined in the OU-I ROD (NYSDEC, 1992) and in NYSDEC guidance 

(NYSDEC, 1994c). This guidance would be used to determine if excavated 

soil can be used as backfill or must be disposed of off-site. The PCB soil 

remedial goals defined in these NYSDEC documents are 1.0 mg /kg for 

surface soil and 10.0 mg/kg for subsurface soil. Overlying soil that does 

not contain 50 mg/kg of PCBs but cannot be used as on-site backfill will 

be tested for RCRA hazardous waste characteristics and disposed of 

accordingly. For cost estimation purposes, it has been assumed that 

approximately three-quarters of the overlying soil would be used as backfill 

and the remaining one-quarter would require off-site disposal at a RCRA 

and TSCA-permitted land disposal facility. In all likelihood, however, all of 
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this soil will probably be acceptable for use as on-site backfill. Refer to 

Figure 7-4 for the waste disposal assumptions used in this analysis. 

As discussed in Section 5.2.1.4, it was assumed that OU-II NAPL and 

associated subsurface soil (i.e., soil containing PCBs from OU-II NAPL) 

would probably be classified as a RCRA characteristic hazardous waste 

and as a TSCA regulated waste. As discussed in Section 5.2.1.4, analysis of 

OU-II NAPL collected during previous recovery efforts indicated that OU-

II NAPL in all four areas would be classified as a RCRA characteristic 

hazardous waste and OU-II NAPL from one area (i.e., NAPL Area L4) 

may also be classified as a New York State RCRA listed hazardous waste 

(i.e., B003). In addition, Section 5.2.1.4 also discussed the fact that since the 

source of OU-II NAPL around the former lagoon is most probably the 

former lagoon and the former lagoon materials contained PCB 

concentrations in excess of 50 ppm, OU-II NAPL around the former lagoon 

would be subject to the TSCA disposal requirements. As a result, OU-II 

NAPL and associated subsurface soil that contains PCBs in concentrations 

exceeding 2 mg/kg would be classified as a TSCA waste. Refer to Table 7-3 

and Figure 7-4 for the waste disposal assumptions used in this analysis. For 

disposal purposes, soil samples would be collected from the OU-II NAPL 

and associated subsurface soil at a frequency of one sample per 1,000 cubic 

yards of material and analyzed, at a minimum, for PCBs and RCRA 

characteristics (i.e., toxicity, corrosivity, reactivity and ignitability). As a 

result, it was assumed for cost estimating purposes that OU-II NAPL and 

associated subsurface soil would be disposed of at a TSCA and RCRA-

permitted land disposal facility. 

For cost estimation purposes, the following disposal scenario has been 

developed for this alternative (see Figure 7-4): 

three-quarters of the overlying soil would not contain detectable 
concentrations of PCBs and would be used as on-site backfill; 
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one-quarter of the overlying would contain detectable concentrations of 
PCBs and would be disposed of at a RCRA and TSCA-permitted land 
disposal facility; and 

all excavated OU-II NAPL and associated subsurface soil would be 
classified as a RCRA and TSCA waste and disposed of at a RCRA and 
TSCA-permitted chemical and hazardous waste landfill. 

Task No. 7: Backfill and Replacement of Excavated Soil 

Based on the waste disposal assumptions discussed in Section 5.2.1.4 and 

summarized on Table 5-4 and in Figure 7-4, it was assumed that if this 

alternative were implemented, the following materials would require off-

site disposal: 

approximately 3,510 cubic yards (5,265 tons) of overlying soil excavated 
from the four OU-II NAPL areas that could not be used as on-site 
backfill and would be disposed of off-site; and 

. approximately 8,990 cubic yards (13,485 tons) of OU-II NAPL and 
associated subsurface soil excavated from the four OU-II NAPL areas 
would be disposed of off-site. 

Soil that is excavated for off-site disposal would be replaced by 

uncontaminated soil. Approximately 23,030 cubic yards of soil would be 

needed for backfill of the excavated OU-II NAPL areas. Of this amount, 

approximately 10,530 cubic yards would be obtained from the soil that 

would have been excavated from above the OU-II NAPL areas (i.e., 

overlying soil) and that contains acceptable concentrations of PCBs (refer to 

Section 5.2.1.4 and to Figure 7-4). The remaining 12,500 cubic yards (i.e., 

23,030 cubic yards -10,530 cubic yards) of soil needed to fill the excavated 

areas would be obtained from an off-site source of uncontaminated fill 

material. 
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7.4.2.8 Task No. 8: Site Restoration 

Site restoration activities would be conducted following excavation of OU-II 

NAPL. Site restoration activities would consist of the following: 

replacement of the fencing adjacent to OU-II NAPL Areas LI and L4 that 
would be removed prior to excavation of these areas; 

regrading and seeding of all four OU-II NAPL areas after excavation 
and backfill operations have been completed; 

restoration of the pavement in OU-II NAPL Area L3; and 

restoration of the off-site roadway adjacent to OU-II NAPL Area L4. 

7.4.1.9 Task No. 9: Access Restrictions and Use Restrictions 

This task would entail maintaining the structures covering the remaining 

OU-II NAPL in OU-II NAPL Area L3 and L4. After excavation of OU-II 

NAPL has been completed, a minor amount of subsurface OU-II NAPL 

would still be present beneath the following facilities: (1) the former 

building foundation adjacent to the new treatment plant building located 

in OU-II NAPL Area L3; (2) the sludge digester located in OU-II NAPL 

Area L3; and (3) the containment area for the equalization tanks located in 

OU-II NAPL Area L4. As discussed in Section 7.4.1.4, the areas where OU-

II NAPL would not be removed covers approximately 1,100 square feet 

and represents less than 3 percent of the total 41,600 square foot area that 

presently contains OU-II NAPL. 

Use restrictions for this Site would include restricting subsurface work 

(e.g., construction, utility repair and installation) beneath these facilities 

and restricting installation of water supply wells in or affected by these 

limited areas. As discussed in Section 6.3, Metro-North's existing Harmon 

Yard construction practices and the BMPs currently being developed for 

Metro-North as part of the Environmental Studies Project would be used 
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to maintain control over subsurface activities at the Site and prohibit the 

installation of water supply wells in or affected by the minor portion of 

the OU-II NAPL areas that would remain after this alternative has been 

implemented. 

Access and use restrictions would be ongoing at the Site. These activities 

would be conducted as part of Site operations and would be reported as 

part of the annual Site operation, maintenance and monitoring report to be 

submitted to the NYSDEC, as discussed in Section 7.1.2. As a result, this 

task would not impact the remedial action sequence of work. 

7.4.2 Evaluation 

In accordance with NYSDEC FS guidance (NYSDEC, 1990), USEPA RI/FS 

guidance (USEPA, 1988) and Section 300.430 of the NCP, this alternative is 

evaluated for the seven criteria listed in Section 7.0. 

7.4.2.1 Overall Protection of Human Health and the Environment 

This alternative would address the remedial action objectives for OU-II 

NAPL. Specifically, the majority of OU-II NAPL would be removed, off-

site migration of OU-II NAPL would be prevented and direct contact with 

the minor amount of OU-II NAPL that would remain beneath structures 

after this alternative has been implemented would continue to be 

prevented. As a result, this alternative would protect human health and 

the environment and would adequately address all of the remedial action 

objectives for OU-II NAPL. 

As discussed in Section 5.2.2.4, the only viable remedial alternative for 

OU-II Croton Bay sediment that would achieve the remedial action 

objective for sediment is natural attenuation, defined for this area as the 

continued deposition of additional sediment in this area from the Hudson 
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River and adjacent surface water bodies. This remedial approach has been 

selected to address the potential unacceptable risks posed by OU-II 

Croton Bay sediment to human health and to aquatic life. This alternative 

includes natural sediment deposition as defined in Section 7.1.1 and, as a 

result, would adequately address the remedial action objectives for OU-II 

Croton Bay sediment. 

Although Section 4.4 concluded that OU-II ground water does not pose 

any current or future unacceptable risks to potential receptors and it is 

very unlikely that the concentrations of chemicals of concern in OU-II 

ground water would increase significantly in the future, ground water 

discharging from the former lagoon area would be monitored to ensure 

the continued protection of human health and the environment. This 

would be accomplished by incorporating an additional perimeter well in 

the OU-II Site area into the Ground Water Monitoring Plan defined in the 

Harmon Railroad Yard Remediation Plan (ERM, 1996) that was approved 

by NYSDEC. As part of the Ground Water Monitoring Plan, trigger 

levels, that would represent the maximum allowable ground water 

concentration of chemicals of concern in OU-II ground water that can 

migrate off-site without posing unacceptable risks to human health and 

the environment, would be developed and the annual ground water 

monitoring results would be compared to these trigger levels. 

Consequently, compliance with the trigger levels would ensure that OU-II 

ground water migrating past the Harmon Yard property boundary to off-

site receptors does not pose unacceptable risks to human health or the 

environment. 

7.4.2.2 Compliance with SCGs 

The SCGs and TBCs that were identified in Section 5.1 as applicable or 

relevant and appropriate to this alternative are as follows: 
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SCGs 

. Waste Transporter Permits, 6 NYCRR Part 364; 

Hazardous Waste Management Regulations, 6 NYCRR Part 370 
through 373; 

. Land Disposal Restrictions, 6 NYCRR Part 376; 

Inactive Hazardous Waste Disposal Site Remedial Program, 6 NYCRR 
Part 375; 

Selection of Remedial Actions at Inactive Hazardous Waste Sites, 
TAGM HWR-90-4030; 

Fugitive Dust Suppression and Particulate Monitoring Program at 
Inactive Hazardous Waste Sites, TAGM HWR-89-4031; 

Toxic Substances Control Act, 40 CFR 761; 

Guidelines and Requirements for Workers at Hazardous Waste Sites 
(Subpart 120), OSHA 29 CFR 1910; 

NYSDEC Technical Guidance for Screening of Contaminated 
Sediment; 

NYSDEC Fish and Wildlife Impact Analysis for Inactive Hazardous 
Waste Sites; 

Integrated Risk Information System (IRIS); and 

USEPA Risk Assessment Guidance for Superfund (RAGS) Volume I, 
Human Health Evaluation Manual, Part A, Baseline Risk Assessment. 

TBCs 

Article 12 of the New York State Navigation Law (New York Oil Spill, 
Control and Compensation Act); 

Environmental Priorities and Procedures in Petroleum Cleanup and 
Removal, 6 NYCRR Part 611; 

National Contingency Plan, Subpart D, Operational Response Phases 
for Oil Removal, 40 CFR Part 300; 
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. Safety and Health Regulations for Construction, OSHA 29 CFR 1926; 

NYSDEC Record of Decision for the Harmon Railroad Yard 
Wastewater Treatment Area, NYSDEC Site Number 3-60-010, 
(NYSDEC, 1992), also referred to as the OU-I ROD; 

• NYSDEC Record of Decision for the Croton Point Landfill, NYSDEC 
Site Number 3-60-001 (NYSDEC, 1993c). 

Because this alternative includes a number of different technologies and 

tasks, a number of SCGs listed in Table 5-1 are applicable and many of the 

SCGs and TBCs are relevant and appropriate for this alternative. This 

alternative complies with the requirements of the Inactive Hazardous 

Waste Disposal Site Remedial Program (6 NYCRR Part 375) and partially 

complies with the NYSDEC TAGM Selection of Remedial Actions at 

Inactive Hazardous Waste Sites (HWR-90-4030). That is, this alternative 

complies with these regulatory requirements since it eliminates or 

mitigates all significant threats to the public health and to the 

environment presented by hazardous waste disposal at the Site (see 6 

NYCRR Part 375-1.10(b)) and has been evaluated for the seven criteria 

listed earlier in Section 7.0 of this Feasibility Study and defined in Section 

375-1.10(c) of 6 NYCRR Part 375 and in Section 5.0 of the NYSDEC TAGM 

referenced above (NYSDEC, 1990). 

The NYSDEC TAGM HWR-90-4030 entitled "Selection of Remedial 

Actions at Inactive Hazardous Waste Sites" (NYSDEC, 1990) primarily 

deals with the criteria to be used to evaluate remedial action alternatives 

for inactive hazardous-waste sites and the methods to be used to select a 

preferred remedial action alternative. As discussed earlier in this section 

(i.e., Section 7.0), the remedial action alternatives developed for this Site 

(i.e., OU-II) were evaluated for the criteria established by the NYSDEC 

and, as a result, the selection of this alternative would comply with these 

components of the NYSDEC TAGM HWR-90-4030. 
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In addition, this NYSDEC document (NYSDEC, 1990) also establishes a 

hierarchy of remedial technology treatments to be consistent with the 

federal Superfund Amendments and Reauthorization Act of 1986 (SARA), 

Public Law 99-499, which amended CERCLA, and with RCRA 

amendments which restricted land disposal. 

This NYSDEC TAGM (NYSDEC, 1990) states that the NYSDEC concurs 

with the requirements contained in SARA that preference be given to 

remedies that permanently reduce the toxicity, volume or mobility of 

hazardous substances, pollutants or contaminants found at a site. In 

response, this TAGM defined the following hierarchy of remedial 

technologies for hazardous waste disposal sites, from most desirable to 

least desirable: 

a) Destruction 
b) Separation/Treatment 
c) Solidification/Chemical Fixation 
d) Containment and Isolation Technologies 
e) Off-Site Land Disposal 

This alternative entails the excavation and subsequent off-site landfill 

disposal of the approximately 6 foot layer of OU-II NAPL and associated 

subsurface soil. The overlying soil would be removed separately and most 

of this soil would be used to backfill excavated OU-II NAPL areas. Since 

the OU-II NAPL and associated subsurface soil layer is composed of soil 

that contains varying amounts of residual OU-II NAPL, it is not feasible to 

excavate OU-II NAPL solely as a separate phase. This alternative, then, 

generates a waste that is mostly soil containing varying concentrations of 

OU-II NAPL. OU-II NAPL is primarily diesel fuel and the only RCRA 

listed hazardous waste classification that may apply to this combined OU-

II NAPL and associated subsurface soil is as a New York State RCRA PCB 

listed hazardous waste (i.e., B003). Since it is very unlikely that this waste 

stream (i.e., OU-II NAPL and associated subsurface soil) will contain PCBs 
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in concentrations exceeding 50 mg/kg, it is also very unlikely that this 

waste stream will be classified as a B003 New York State RCRA listed 

hazardous waste. This waste stream, then, will most probably not be 

classified as a RCRA listed hazardous waste and, as a result, the RCRA 

land disposal restrictions for listed hazardous wastes would not apply. 

Off-site landfill disposal of this material, then, would be acceptable. 

On-site incineration was considered for OU-I sludge and soil but was 

rejected by the NYSDEC in response to strong opposition by the 

community. Off-site incineration of the approximately 12,500 cubic yards 

of material to be excavated (i.e., overlying soil that cannot be used as on-

site backfill and OU-II NAPL and associated subsurface soil) would not be 

required by RCRA or TSCA and would be prohibitively expensive. 

Because of the TSCA anti-dilution rule discussed in Section 5.2.1.4, 

incineration or disposal in an off-site TSCA-permitted chemical waste 

landfill are the only methods that would be permitted by TSCA for the 

disposal of OU-II NAPL and associated subsurface soil. 

In conclusion, off-site landfill disposal is the only viable remediation 

approach to the overlying soil that cannot be used as on-site backfill and 

the OU-II NAPL and associated subsurface soil that would be excavated 

as a combined waste stream under this alternative. The need for this 

alternative to rely on off-site landfill disposal, identified in the NYSDEC 

TAGM (NYSDEC, 1990) as the least desirable remedial approach, would 

not satisfy the preference for treatment contained in SARA and used by 

the NYSDEC to select remedial actions for inactive hazardous waste 

disposal sites. 

This alternative would remove OU-II NAPL as required by the OU-I ROD 

(NYSDEC, 1992) and by the NCP. However, the overall approach to 

NAPL removal outlined in these statutes and regulations is to minimize or 

mitigate, but not necessarily eliminate, risks related to NAPL and that 
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reasonable measures should be used to remove NAPL to the extent 

practicable. As discussed in Section 4.2.2, there are no exposures to or 

risks associated with OU-II NAPL at the current time and it is very 

unlikely that any exposures to and risks associated with OU-II NAPL will 

occur in the future. Remedial actions for OU-II NAPL, then, are only 

considered to address the very unlikely possibility that OU-II NAPL will 

migrate or be exposed in the future. As a result, this alternative greatly 

exceeds the requirements contained in the OU-I ROD (NYSDEC, 1992) 

and the NCP to minimize or mitigate risks related to NAPL. 

This alternative would comply with state rules and regulations, Article 12 

of the New York State Navigation Law, and 6 NYCRR Part 611, which 

require the cleanup and removal of petroleum spills. The excavation and 

off-site disposal of OU-II NAPL and associated subsurface soil that would 

be performed if this alternative was selected would greatly exceed the 

requirements contained in these rules and regulations for petroleum 

cleanup and removal response actions. 

In addition, all activities at the Site would be conducted in accordance 

with a Health and Safety Plan that would be prepared during the final 

design to comply with OSHA at 29 CFR 1910, i.e., the Guidelines and 

Requirements for Workers at Hazardous Waste Sites (Subpart 120) and 

OSHA at 29 CFR 1926, i.e., the Safety and Health Regulations for 

Construction. 

As discussed in Section 7.4.1.6, all waste materials that would be 

generated by implementing this alternative (i.e., the mixture of OU-II 

NAPL and associated subsurface soil that would be excavated for off-site 

disposal) would be properly characterized, stored, transported and 

disposed of at an approved off-site disposal facility, such as a RCRA and 

TSCA permitted chemical waste landfill. Storage, transportation, 

treatment and disposal of the OU-II NAPL and associated subsurface soil 
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would be designed to comply with the requirements contained in the 

regulations pertaining to the management of TSCA waste (i.e., 40 CFR 

761). In addition, storage, transportation, treatment and disposal of any 

recovered OU-II NAPL and associated subsurface soil that may be 

subsequently characterized as a RCRA hazardous waste would be 

designed to comply with the requirements contained in the regulations 

pertaining to the management of hazardous waste. These regulations are: 

Waste Transporter Permits (6 NYCRR Part 364); Hazardous Waste 

Management Regulations (6 NYCRR Part 370 through Part 373); and Land 

Disposal Restrictions (6 NYCRR Part 376). 

This alternative would be designed to comply with the substantive 

requirements of permits that may be applicable to on-site activities 

relating to the management of hazardous wastes (e.g., storage of a 

hazardous waste). In accordance with Section 375-1.7 of 6 NYCRR Part 

375, the Inactive Hazardous Waste Disposal Site Remedial Program, no 

permit, consent, approval or other authorization under any local 

government zoning, land-use, or NYSDEC or other New York State 

regulatory program is required for remedial actions that are: (1) on-site; 

(2) satisfies all the substantive requirements of the permit; and (3) selected 

by a process complying with the public participation program 

requirements of Section 375-1.5, to the extent applicable. This provision 

does not cover off-site activities and, as a result, all off-site landfill 

facilities used for the disposal of waste material to be generated by this 

alternative would be permitted by RCRA and TSCA, as necessary. 

The ambient air monitoring program discussed in Section 7.4.1.5 that is to 

be implemented during excavation would be designed to comply with the 

requirements of the NYSDEC TAGM HWR-89-4031 entitled "Fugitive 

Dust Suppression and Particulate Monitoring Program at Inactive 

Hazardous Waste Sites" (NYSDEC, 1989a). 
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As discussed in Section 4.3, the NYSDEC Technical Guidance for 

Screening Contaminated Sediment (NYSDEC, 1993a) was used to identify 

the potential risks posed by chemicals in OU-II Croton Bay sediment. 

Natural sediment deposition, defined in Section 7.1.1, addresses the 

potential risks for this environmental media that were identified based on 

this SCG. 

Long Term Effectiveness and Permanence 

Long-term effectiveness and permanence is measured by the magnitude of 

the residual risk and the adequacy and reliability of controls. Excavation 

and off-site disposal of OU-II NAPL, in conjunction with access and use 

restrictions for OU-II NAPL, would accomplish the following: 

reduce any potential long term risks attributable to OU-II NAPL at the 
Site; 

be reliable in removing OU-II NAPL from the Site; 

prevent the very unlikely possibility that OU-II NAPL will migrate off-
site in the future; and 

continue to prevent direct contact with subsurface OU-II NAPL. 

The reliability of excavating the off-site portions of OU-II NAPL from OU-

II NAPL Area L4 would depend on agreements with the off-site property 

owner, Westchester County. As a result, the reliability of this alternative 

for removal of off-site OU-II NAPL from OU-II NAPL Area L4 is 

questionable. 

The reliability of the off-site landfill facility to be used for the disposal of 

the OU-II NAPL and associated subsurface soil to be excavated from the 

Site under this alternative would depend on the methods used to operate 

and close the off-site landfill facility. The potential reliability problems 

associated with the continuous operation of off-site landfills are related to 
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the practice of co-disposing waste materials and the time period before 

final closure. 

Co-disposal refers to the fact that other wastes will be disposed within the 

same off-site landfill with Site waste materials. Although pre-acceptance 

testing will assure that the co-disposed waste materials are compatible, 

the waste from other sources could have a deleterious effect on Site waste 

materials. In addition, a final cover would not be installed over the off-site 

landfill until its capacity is exhausted and the landfill undergoes final 

closure. This could be several years from the time Site waste material has 

been disposed. In the interim, the only cover that is required to be placed 

over Site waste materials at the off-site landfill would be a limited daily or 

intermediate soil cover. In order to prevent perched water zones within 

the off-site landfill, this cover must be permeable. As a result, the disposed 

Site waste materials would be exposed to storm water infiltration, 

generating leachate that would hopefully be handled by the off-site 

landfill leachate collection system. As a result, the long-term reliability 

and permanence of this remedy depends on the reliability of the 

construction and operation of the off-site landfill, which would be selected 

during the design and bidding phase of the project. 

In addition, natural sediment deposition is a component of this 

alternative. The NYSDEC concluded, with respect to sediment in Croton 

Bay impacted by the adjacent Croton Point Landfill, that the long-term 

effectiveness and permanence of natural sediment deposition, as 

measured by the residual risk and the adequacy and reliability of this 

approach, would be acceptable. This conclusion is also applicable to OU-II 

Croton Bay sediment. 
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Reduction of Toxicity, Mobility or Volume 

As discussed in Section 5.2.1.2, OU-II NAPL is primarily comprised of 

diesel fuel and contains PCBs and inorganic constituents such as 

chromium, lead and arsenic. There is approximately 153,000 gallons of 

OU-II NAPL present at the Site. This alternative would remove OU-II 

NAPL and associated subsurface soil containing OU-II NAPL constituents 

from the Site and would relocate this material to an off-site landfill. As a 

result, this alternative would have no affect on the toxicity or the volume 

of the chemicals that comprise OU-II NAPL and that are present within 

the associated subsurface soil that would be removed with OU-II NAPL 

under this alternative. This alternative would have some affect on the 

mobility of OU-II NAPL constituents by placing these materials in an off-

site landfill. However, as noted in Section 4.2.2, there are no exposures to 

OU-II NAPL at the current time and it is very unlikely that such 

exposures will occur in the future. Since the mobility of OU-II NAPL in 

the past has been shown to be limited (refer to Section 5.2.1.1) and 

migration of OU-II NAPL in the future is unlikely, there would be little, if 

any, reduction in the mobility of OU-II NAPL constituents that would 

occur after off-site landfill disposal. 

Natural sediment deposition in the OU-II Croton Bay sediment area, 

which is a component of this alternative, would have no affect on the 

toxicity or volume of chemicals in this sediment. However, the mobility of 

chemicals in OU-II Croton Bay sediment would be reduced as sediment 

from adjacent surface water bodies covers and contains OU-II Croton Bay 

sediment. 

Short-Term Effectiveness 

As discussed in Section 7.4.1, design and implementation of this 

alternative can be completed within two years from the approval by the 
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NYSDEC of a Remedial Design and Remedial Action Work Plan. A 

Remedial Design and Remedial Action Work Plan is typically required by 

the NYSDEC following the selection of a remedial action approach in a 

NYSDEC record of decision. The specific schedule for implementation of 

this alternative would be defined in the Remedial Design and Remedial 

Action Work Plan. Some of this time would be used for design, regulatory 

approval and contractor selection and procurement. On-site construction 

activities, such as the excavation and off-site disposal of OU-II NAPL and 

associated subsurface soil, would occur over a time period that would 

probably range from twelve to eighteen months. Potential short-term 

effects during implementation of the remedy, then, would occur over this 

twelve to eighteen month time period. The possible short-term exposures 

that could result from implementation of this remedy are related to the 

following activities: 

to community and excavation of OU-II NAPL and associated 
workers: subsurface soil; and 

to community and the transportation and off-site disposal of 
environment: excavated OU-II NAPL and associated 

subsurface soil. 

The potential for a temporary increase of risk to the community and 

workers due to particulate emissions (dust) during excavation of OU-II 

NAPL and associated subsurface soil would be controlled by the use of dust 

control measures such as water or foam sprays. The degree to which these 

measures would be used would depend upon particulate levels in ambient 

air at the property boundary as determined through the particulate air 

monitoring program. Workers would also be protected by respirators (if 

needed) and protective clothing. 

Potential short-term risks to the community would be posed by this 

alternative from transportation of excavated OU-II NAPL and associated 

subsurface soil to a off-site landfill disposal facilities. Automotive related 
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injuries, as well as potential exposure of spilled material to the community 

and the environment along the transportation route would be potential 

concerns. Because almost 1,000 trucks would be required to transport 

excavated OU-II NAPL and associated subsurface soil to an off-site 

landfill disposal facility, there are significant potential short-term risks 

associated with the transportation of excavated materials from the Site to 

an off-site landfill. 

In addition, there are no short-term effects from natural sediment 

deposition in the OU-II Croton Bay sediment area. 

7.4.2.6 Impletnentability 

No special technologies, materials, or labor would be required to complete 

the work proposed under this alternative. Soil excavation, transportation, 

off-site disposal, ground water monitoring and access and use restrictions 

are proven technologies. There are no unknown design factors or 

technological difficulties associated with these technologies. The only 

potential barrier to the implementation of this alternative is the need to 

obtain permission from Westchester County to excavate the limited 

amount of OU-II NAPL that is present beyond the Harmon Yard property 

boundary in OU-II NAPL Area L4. 

In addition, there are no barriers to the implementability of natural 

sediment deposition in the OU-II Croton Bay sediment area. 

7A.2.7 Cost 

The total capital and operation and maintenance (O&M) cost of 

Alternative III is approximately $9,396,462. The total capital cost for this 

alternative is approximately $9,304,946 and the total present worth of the 

O&M costs for this alternative is approximately $91,516. The capital cost 
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includes a 45 percent increase over the base cost to address administrative, 

engineering and contingency costs. The present worth of the annual O&M 

costs includes site inspections (approximately $2,000 per year for 30 years) 

and ground water monitoring, referred to as a common action in the 

Appendix J cost tables (approximately $4,000 per year for 30 years). 

The present worth for all O&M costs was based on a discount rate of 7% in 

accordance with Revisions to OMB Circular A-94 on Guidelines and Discount 

Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 June 1993 

(USEPA, 1993a), a 30 year time period and a 20% contingency. A 30 year 

ground water monitoring period was conservatively assumed based on 

the 30 year post-closure care period required for RCRA solid and 

hazardous waste units under federal regulation 40 CFR 264.117. However, 

RCRA (40 CFR 264.117(c)) also allows for a reduction in the 30-year time 

period provided Site inspection reports demonstrate that the site is secure. 

In accordance with the draft proposed NYSDEC Division Technical and 

Administrative Guidance Memorandum, Division Policy on Regular Review 

of Remedial Actions, (NYSDEC, 1995), annual site inspections would be 

conducted to evaluate the performance and effectiveness of the remedial 

action and the need for continued O&M at the Site. At the conclusion of 

these site inspections, the inspector would complete the "Hazardous 

Waste Site Annual Review Certification", recommend improvements to 

the remedial action or recommend that the site be delisted. Unlike 

CERCLA practices and the RCRA post-closure requirements (40 CFR 

264.117(c)), which recommend conducting inspections every five years 

after the remedy has been completed, NYSDEC recommends that 

inspections be conducted annually during and after implementation of the 

remedial action. As such, annual site inspections would provide an 

opportunity for termination of O&M at the Site. A detailed description of 

the cost estimates for Alternative III is provided in Appendix J. 
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7.5 ALTERNATIVE IV: OU-II NAPL REMOVAL USING NAPL RECOVERY 

WITH GROUND WATER DEPRESSION 

7.5.1 Description 

Alternative IV would entail NAPL removal from the four identified OU-II 

NAPL areas using recovery wells and recovery trenches equipped with two 

pump ground water depression and NAPL recovery systems. This 

alternative consists of the following technologies: 

1. Common Actions, as discussed in Section 7.1, including: 

Natural Sediment Deposition (Task No. 1); and 
Ground Water Monitoring (Task No. 2). 

2. Access Restrictions and Use Restrictions (Task No. 3): 

3. OU-II NAPL Removal, including: 

Site Preparation (Task No. 4); 

Installation of Ground Water Depression and NAPL Recovery 
Systems (Task No. 5); 

Installation of a Ground Water Treatment System (Task No. 6) 

Off-site Disposal of Waste Generated During Trench Construction 
and Well Installation (Task No. 7); 

Site Restoration (Task No. 8); 

Operation of Ground Water Depression and NAPL Recovery 
Systems and Ground Water Treatment System (Task No. 9); 

Off-site Disposal of Recovered OU-II NAPL and Wastewater 
Treatment Residuals (Task No. 10); and 

Pre-Design Studies (Task No. 11). 

Although the pre-design studies would be conducted at the beginning of 

the OU-II NAPL activities (i.e., prior to site preparation), the Pre-Design 
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task will be discussed at the end of Section 7.5.1 so that the reader has an 

understanding of the proposed scope of work under this alternative and the 

pre-design needs. 

The common actions are described in general in Section 7.1. The specific 

actions and the sequence of work required to implement all of the 

components of this alternative are described below. A summary of the 

remedial components of this alternative is presented in Table 7-1. Design 

(including pre-design studies), construction, installation and a one year 

start-up period for the ground water depression and NAPL removal and 

ground water treatment components defined in this alternative can be 

completed and full-scale operation can begin within two to three years 

from the approval by the NYSDEC of a Remedial Design and Remedial 

Action Work Plan. A Remedial Design and Remedial Action Work Plan is 

typically required by the NYSDEC following the selection of a remedial 

action approach in a NYSDEC record of decision. The specific schedule for 

implementation of this alternative would be defined in the Remedial 

Design and Remedial Action Work Plan. 

7.5.1.1 Task No. 1: Natural Sediment Deposition (Common Action) 

As discussed in Section 5.2.2.4, 6.0 and 7.1.1, natural sediment deposition 

would be ongoing at the Site and therefore would not impact the remedial 

action sequence of work. Natural sediment deposition is defined in this 

case as the continued deposition of additional sediment in the OU-II 

Croton Bay sediment area from the Hudson River and adjacent surface 

water bodies. 

7.5.1.2 Task No. 2: Ground Water Monitoring (Common Action) 

As discussed in Section 7.1.2, this common action would involve 

incorporating an additional ground water monitoring well into the Harmon 
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Yard Ground Water Monitoring Plan that was defined in the Harmon 

Yard Remediation Plan (ERM, 1996). The Harmon Yard Remediation Plan has 

been approved by the NYSDEC. The Harmon Yard Ground Water 

Monitoring Plan provides for the collection and analysis of ground water 

samples on an annual basis. As discussed in Section 7.1.2, maximum 

concentrations (i.e., trigger levels) for the OU-II ground water chemicals of 

concern identified on Table 7-2 would be developed based on the 

procedures used in the Harmon Yard Remediation Plan (ERM, 1996) to 

develop Harmon Yard ground water trigger levels. The analytical results 

and the ground water trigger levels for OU-II ground water would be 

presented in the annual Site operation, maintenance and monitoring 

report to be submitted to NYSDEC. The need for and contents of this 

annual report was discussed in Section 7.1.2. This common action would 

not impact the remedial action sequence of work 

Task No. 3: Access Restrictions and Use Restrictions 

Access restrictions would prevent direct contact exposures to OU-II NAPL 

that is present on the water table around the former lagoon. Currently, all 

four OU-II NAPL areas are overlain with 6 to 19 feet of soil. As discussed 

in Section 5.0 and shown on Figures 5-1 through 5-4, all but a negligible 

portion of the OU-II NAPL is located on-site, i.e., within the Harmon Yard 

property boundary. As shown on Figures 5-2 and 5-3, OU-II NAPL Areas 

L2 and L3 are located entirely within the boundaries of Harmon Yard. 

Access restrictions for the OU-II NAPL areas would be accomplished by 

maintaining the soil that overlays this OU-II NAPL, by maintaining the 

general Harmon Yard access restrictions and the land use restrictions 

required by the OU-I remedial actions and by maintaining the existing 

fence around the former lagoon area. 

Use restrictions would involve limiting certain activities at the Site in 

order to minimize the potential for direct contact with subsurface OU-II 
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NAPL. Use restrictions for this Site would include: restricting subsurface 

work (e.g., construction, utility repair or installation) and prohibiting the 

installation of water supply wells in or affected by the OU-II NAPL areas. 

As discussed in Section 6.3, Metro-North's existing Harmon Yard 

construction practices and the BMPs currently being developed for Metro-

North as part of the Environmental Studies Project would be used to 

maintain control over subsurface activities at the Site and prohibit the 

installation of water supply wells in or affected by the OU-II NAPL areas. 

Access and use restrictions would be ongoing at the Site. These activities 

would be conducted as part of Site operations and would be reported as 

part of the annual Site operation, maintenance and monitoring report to be 

submitted to the NYSDEC, as discussed in Section 7.1.2. As a result, this 

task would not impact the remedial action sequence of work. 

7.5.1.4 Task No. 4: Site Preparation 

Site Preparation would entail removing the Site border fencing in OU-II 

NAPL Area LI and removing existing vegetation located in areas along the 

fence lines in OU-II NAPL Areas LI and L4. This work would be needed to 

allow drilling, excavation and other construction equipment access to OU-II 

NAPL Areas LI and L4. Regrading may also be conducted in OU-II NAPL 

Area L4 to allow drilling equipment access to this area. 

7.5.1.5 Task No. 5: Installation of Ground Water Depression and NAPL Recovery 

Systems 

Separate ground water depression and NAPL recovery systems would be 

installed in each of the four OU-II NAPL areas. The location of the proposed 

ground water depression and NAPL recovery wells for all four OU-II 

NAPL areas and the location of the proposed NAPL recovery trenches in 

OU-II NAPL Areas LI and L4 were determined based on: (1) the extent of 
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OU-II NAPL in each of the four OU-II NAPL areas; and (2) NYSDEC 

comments on the draft FS Report requiring the installation of additional 

trenches in NAPL Areas LI and L4 (NYSDEC, 1997). The proposed 

locations for the wells and trenches to be used in this remedial action 

alternative to recover OU-II NAPL are shown for all four OU-II NAPL 

areas on Figure 7-6. The rationale used to locate the ground water 

depression and NAPL recovery wells and trenches is described below. As 

with Alternative II, the spatial layout of the OU-II NAPL recovery wells 

and trenches have been designed to collect and recover the OU-II NAPL 

that is present within the 0.0 foot NAPL contour line discussed in Section 

5.2.1.1 and previously shown on Figures 5-1 through 5-4. This is a 

conservative approach, since, as described in Section 7.3.1, OU-II NAPL 

may not actually be present in some of the outer sections of OU-II NAPL 

Areas LI and L4. 

Based on NYSDEC comments (NYSDEC, 1997a; NYSDEC, 1997b), 

installation of additional NAPL recovery trenches in both NAPL Areas LI 

and L4 has been included in this alternative. The location of these 

trenches is presented in Figure 7-6. As with Alternative II, a trench is 

located in NAPL Area LI coincident with the fence line to prevent the 

potential for off-site migration of NAPL. In addition, to address NYSDEC 

comments on the draft FS Report (NYSDEC, 1997a; NYSDEC, 1997b), the 

NAPL recovery trench in NAPL Area LI was extended to include the 

remaining two proposed NAPL recovery wells in NAPL Area LI and a 

NAPL recovery trench was located in NAPL Area L4. 

It is ERM and Metro-North's opinion that NAPL recovery trenches are 

only required for areas where there is a potential for OU-II NAPL to 

migrate off-site and that installation of recovery trenches in areas where 

there is no potential for off-site migration is not needed for the following 

reasons (ERM, 1997): 
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1) anticipated community resistance to the excavation of soil and other 
materials from areas around the former lagoon; 

2) the absence of data indicating that NAPL recovery trenches have 
superior performance to NAPL recovery wells; 

3) the significant additional costs incurred; and 

4) the fact that residual, or stagnant, NAPL does not pose an 
unacceptable threat to human health and the environment. 

Nevertheless, Alternative IV includes the installation of additional NAPL 

recovery trenches in NAPL Areas LI and L4. As previously discussed, 

NAPL Area LI is the only area where the potential for off-site migration 

of OU-II NAPL exists. Installation of a NAPL recovery trench along the 

fence line in NAPL Area LI would address any potential off-site 

migration from this NAPL area. Additional discussion regarding the 

location and construction of the trenches to be installed in OU-II NAPL 

Areas LI and L4 is presented below. 

Because of the limited areal extent of NAPL in NAPL Area L2 and L3 and 

the relatively small amount of NAPL to be recovered, construction of a 

NAPL recovery trench in these areas would be inappropriate. As shown 

on Figure 5-2, the maximum thickness of NAPL ever observed in any of 

the wells in NAPL Area L2 is 0.5 feet (in well WB4-4A). Only one other 

well (WB-4) in this area contained NAPL at a thickness of 0.1 feet or 

greater. These 2 wells are less than 20 feet apart. The maximum NAPL 

thickness ever observed in NAPL Area L3, as shown on Figure 5-3, is also 

generally less than 1.0 feet. The distance from the center of NAPL Area L3 

to the 0.0 foot NAPL contour line is approximately 20 feet. As discussed in 

Section 5.2.1.1, there is a maximum quantity of 2,500 gallons of NAPL in 

NAPL Area L2 and a maximum quantity of 4,900 gallons of NAPL in 

NAPL Area L3. These are very conservative estimates and the quantity of 

recoverable NAPL in these areas is likely to be significantly less than that 

estimated. In addition, NAPL in these areas is unlikely to migrate and, as 
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a result, poses little to no risk to human health or the environment. 

Consequently, NAPL recovery trenches would not be installed in NAPL 

Areas L2 and L3. Instead, only ground water depression and NAPL 

recovery wells would be installed to remove NAPL in these areas. 

The cost estimate presented in Section 7.5.2.7 assumes that all of the OU-II 

NAPL recovery wells proposed for use in this remedial action alternative 

would be 4-inch diameter wells installed specifically for this purpose. 

However, a number of the existing OU-II NAPL monitoring wells 

installed in this area are 4-inch diameter wells and may be used for OU-II 

NAPL recovery. The OU-II NAPL recovery wells would be installed 5 to 

10 feet below the water table to enable the use of a wide range of ground 

water depression and NAPL recovery systems. Each OU-II ground water 

depression and NAPL recovery well would be constructed with a vault at 

ground surface to provide access to the ground water pumping and 

NAPL recovery equipment to be installed within each OU-II NAPL 

recovery well. Well vaults used for this purpose are typically 3 feet deep 

by 3 feet wide by 3 feet long. 

Under this alternative, separate ground water depression and NAPL 

recovery pumps would be installed in each of the OU-II NAPL recovery 

wells to be installed as part of this remedial action alternative. These 

systems were described in Section 6.7. As discussed in that section, this 

technology has been retained at the request of NYSDEC (NYSDEC, 1997). 

The final location of the ground water depression and NAPL recovery 

wells, the NAPL recovery trenches and the use of the existing monitoring 

wells for ground water depression and NAPL recovery would be 

determined during final design. Overall, the initial conceptual design of 

the ground water depression and NAPL recovery systems to be installed 

in this alternative consists of the installation of the following equipment: 
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a total of 16 combined ground water depression and NAPL recovery 
wells to be installed in the four OU-II NAPL areas; 

one NAPL recovery pump and one ground water depression pump in 
each of the 16 wells; 

one tee-shaped NAPL recovery trench in OU-II NAPL Area LI; 

one NAPL recovery trench in OU-II NAPL Area L4; 

three above ground storage tanks to be used to collect OU-II NAPL 
removed by the NAPL recovery equipment; 

piping to connect the NAPL recovery equipment to the above ground 
storage tanks; 

a ground water treatment plant; 

piping to connect the ground water depression pumps to the ground 
water treatment plant; 

pumps and piping to connect the ground water treatment plant to the 
existing Harmon Yard wastewater outfall pipe; and 

electricity and system control conduits and control panels. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

An ambient air monitoring program that would measure the 

concentration of particulates in ambient air in the work zone and at the 

perimeter of the OU-II Site would be implemented during construction 

activities that entail the excavation and subsequent handling of soil and 

other waste material. This ambient air monitoring program would be 

designed in accordance with the NYSDEC TAGM HWR-89-4031 entitled 

"Fugitive Dust Suppression and Particulate Monitoring Program at 

Inactive Hazardous Waste Sites" (NYSDEC, 1989a). 
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The specific components and construction methods considered in this 

alternative for use in each of the four OU-II NAPL areas are described 

below. 

OU-II NAPL Area LI 

As shown on Figure 5-1, OU-II NAPL Area LI covers approximately 

11,900 square feet and, as discussed in Section 5.2.1.1, contains 

approximately 26,700 gallons of OU-II NAPL. As shown on Figure 7-6, 

the NAPL removal approach to be used in this remedial action alternative 

for OU-II NAPL Area LI would consist of five OU-II NAPL recovery wells 

that would be installed within a tee-shaped NAPL recovery trench. As 

discussed above, the length of the OU-II NAPL Area LI recovery trench 

proposed for Alternative II has been increased at the request of NYSDEC 

(NYSDEC, 1997a; NYSDEC, 1997b) to include the two upgradient 

recovery wells proposed for this NAPL area. Figure 7-7 presents a cross-

sectional view of the NAPL recovery trench proposed for OU-II NAPL 

Area LI. The tee-shaped trench would be constructed to be approximately 

two feet wide, approximately 240 feet in total length and approximately 

25 feet deep. In addition, one well hole approximately 30 feet deep would 

be excavated within the trench to accommodate the OU-II ground water 

monitoring well to be installed within the trench. 

The lower part of the trench would be filled with crushed stone to 

facilitate the collection of ground water and OU-II NAPL from this NAPL 

area. This trench design would be similar to the trench identified for 

Alternative II, described in Section 7.3.1, with the exception that the depth 

of the trench has been extended from 19 feet to 25 feet below grade and 

the crushed stone thickness has been increased from 9 feet to 15 feet. The 

additional depth of the trench and crushed stone would be needed to 

promote a steady flow of ground water into the recovery trench. 
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The trench would be occupied by the 18 foot deep gravel-filled NAPL 

collection layer described earlier and a 7 foot deep layer of backfill to be 

placed over the gravel layer. A layer of geotextile filter fabric would be 

placed between the backfill and the gravel layer. Soil that is to be 

removed from the upper sections of this area to construct the trench has 

not come into contact with the subsurface OU-II NAPL and would be used 

as backfill in the top 7 foot section of the trench, shown on Figure 7-7 as 

the average depth of backfill. 

The OU-II NAPL recovery wells and the OU-II ground water monitoring 

well discussed in Section 7.5.2 would be installed within the trench area, 

as shown on Figure 7-7. In order to provide sufficient depth recovery of 

ground water and NAPL, the well would be installed at a total depth of 

approximately 25 feet below ground surface, as shown on Figure 7-7. 

Since the 3' x 3' x 3' well vaults to be installed within the trench at the top 

of each recovery well would be wider than the 2 foot trench width, some 

additional soil would need to be excavated in order to install these vaults. 

Similarly, Figure 7-7 shows the OU-II ground water monitoring well 

installed to a depth of approximately 5 feet below the bottom of the trench 

(i.e., total depth of approximately 30 feet below grade). Only the bottom 5 

feet of the OU-II ground water monitoring well would be screened. The 

upper 25 feet of the OU-II ground water monitoring well would be a solid 

casing which would prevent NAPL from entering the well. As a result, 

ground water samples can be collected from this well that accurately 

represent ground water quality and are not influenced by NAPL that is 

present on the water table in this area. 

The trench could be installed using the same methodologies as presented in 

Section 7.3.1 for Alternative II (i.e., either box excavation or slurry injection). 

As with Alternative II, the overlying soil, which has not come in contact 

with OU-II NAPL, would first be excavated to a depth 5 feet above mean 
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sea level (i.e., 9 feet below ground surface). On average, this would 

correspond to a depth 8.5 to 9 feet below grade. The excavated overlying 

soil would be stockpiled in a lined stockpile area. The remaining 16 feet (i.e., 

total depth of 25 feet less 9 feet of stockpiled soil) of both soil and OU-II 

NAPL would then be excavated to a depth 9 feet below mean sea level. This 

corresponds to approximately 9.5 feet below the lowest observed ground 

water elevation for this section of OU-II NAPL Area LI. This material, i.e., 

OU-II NAPL and associated subsurface soil, would be stockpiled on-site. If 

necessary, excavated soil may be solidified to remove free liquids. 

Discussion regarding testing and disposal of excavated materials is 

provided in the following task (i.e., Task 10, discussed in Section 7.5.1.10). 

The cost estimate for this alternative presented in Section 7.5.2.7 assumes 

that three-quarters of the overlying soil excavated from this area would be 

acceptable for use as backfill in the trench and for regrading the area 

around the trench. Soil and ground water removed from the trench 

would be handled in the same manner as described in Section 7.3.1 for 

Alternative II. 

The ground water depression and NAPL recovery wells and the NAPL 

recovery trenches proposed for OU-II NAPL Area LI are located where 

OU-II NAPL has been observed or is believed to be present. As shown on 

Figure 5-1, there are a number of areas shown within the 0.0 foot NAPL 

contour line where OU-II NAPL is presumed to be present simply because 

OU-II NAPL was observed in the closest adjacent well at least once during 

the OU-II remedial investigation. In reality, all or at least a part of these 

sections may not, in fact, actually contain any recoverable OU-II NAPL, 

defined as a NAPL thickness greater than 0.25 feet. Nevertheless, the 

NAPL recovery trench has been extended in this area to cover any 

downgradient areas at the property boundary that could recover OU-II 

NAPL from this area. 
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As shown on Figure 7-6, a 1,500 gallon above ground storage tank would 

be installed in this area to collect the OU-II NAPL that is to be collected 

from the five ground water depression and NAPL recovery wells to be 

installed within the NAPL recovery trench in this NAPL area. Piping 

would be installed to connect the NAPL recovery wells to this above 

ground storage tank. As noted below, this above ground storage tank 

would also be used to store OU-II NAPL collected from the NAPL 

recovery well to be installed in OU-II NAPL Area L2. Recovered ground 

water from the five ground water depression pumps installed in OU-II 

NAPL Area LI and the one ground water depression pump to be installed 

in OU-II NAPL Area L2 would be transported to the ground water 

treatment plant discussed in Section 7.5.1.6. 

To summarize, the components of the NAPL recovery system to be 

installed in OU-II NAPL Area LI are as follows: 

one (1) t-shaped NAPL recovery trench in NAPL Area LI (280 feet in 
total length, 2 feet wide and 25 feet deep); 

five (5) ground water depression and NAPL recovery wells (4 inch 
diameter, 25 feet deep, screened at the water table) and vaults, to be 
installed within the NAPL recovery trench; 

five (5) two-pump ground water depression and NAPL recovery 
systems to be installed within each of the five OU-II NAPL recovery 
wells; 

an above ground 1,500 gallon NAPL storage tank, which would be 
designed for use in storing OU-II NAPL collected from OU-II NAPL 
Area LI and also from nearbv OU-II NAPL Area L2; 

double wall piping to connect the five NAPL recovery pumps in the 
OU-II NAPL Area LI wells to the above ground NAPL storage tank; 

double wall piping to connect the five ground water depression 
pumps in the OU-II NAPL Area LI wells to the ground water 
treatment plant; 

conduits for electricity and system control utilities for the OU-II NAPL 
Area LI ground water depression and NAPL recovery system; and 
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a control panel to monitor and operate the ground water depression 
and NAPL recovery system. 

In addition, the OU-II ground water monitoring well discussed in Section 

7.1.2 would be installed within the OU-II NAPL Area LI recovery trench. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

OU-II NAPL Area L2 

As shown on Figure 5-2, OU-II NAPL Area L2 covers approximately 1,100 

square feet and, as discussed in Section 5.2.1.1, only contains 

approximately 2,500 gallons of OU-II NAPL. None of the OU-II NAPL 

monitoring wells in this area contained greater than 1.0 foot of NAPL. As 

a result, Figure 7-6 shows that only one ground water depression and 

NAPL recovery well (4 inch diameter, 25 feet deep, screened at the water 

table) and associated ground water depression and NAPL recovery 

pumping equipment would be needed for this area. As shown on Figure 

7-6, the NAPL that would be collected from this well would be piped to 

the 1,500 gallon above ground storage tank described earlier for use in the 

OU-II NAPL Area LI recovery system. The components of the NAPL 

recovery system for OU-II NAPL Area L2 would consist of: 

one (1) OU-II ground water depression and NAPL recovery well and 
associated ground water depression and NAPL pumping equipment; 

a vault to be constructed at the top of the recovery well at ground 
surface; 

double wall piping to connect the NAPL recovery pump to be installed 
in this well to the OU-II NAPL Area LI above ground storage tank; 
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double wall piping to connect the ground water depression pump to 
be installed in this well to the ground water treatment plant; 

conduits for electricity and system control utilities for the OU-II NAPL 
Area L2 recovery well; and 

a control panel to monitor and operate the ground water depression 
and NAPL recovery system. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

OU-II NAPL Area L3 

As shown on Figure 5-3, OU-II NAPL Area L3 covers approximately 2,200 

square feet and, as discussed in Section 5.2.1.1, only contains 

approximately 4,900 gallons of OU-II NAPL. Only three of the OU-II 

NAPL monitoring wells in this area contained greater than 1.0 foot of 

NAPL. The maximum NAPL thickness recorded during all monitoring 

rounds was 1.3 feet in well WB2-3A1. As a result, Figure 7-6 shows that 

only one OU-II NAPL recovery well (4 inch diameter, 25 feet deep, 

screened at the water table) and associated ground water depression and 

NAPL recovery equipment would be needed for this area. As shown on 

Figure 7-6, the OU-II NAPL that would be collected from this well would 

be piped to a 250 gallon above ground storage tank to be installed solely 

to collect OU-II NAPL from this area. The only components of the NAPL 

recovery system for OU-II NAPL Area L3 would consist of: 

one (1) OU-II ground water depression and NAPL recovery well and 
associated ground water depression and NAPL pumping equipment; 

a 250 gallon above ground NAPL storage tank; 

a vault to be constructed at the top of the recovery well at ground 
surface; 
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double wall piping to connect the NAPL recovery pump to be installed 
in this well to the 250 gallon above ground storage tank; 

double wall piping to connect the ground water depression pump to 
be installed in this well to the ground water treatment plant; 

conduits for electricity and system control utilities for the OU-II NAPL 
Area L3 recovery well; and 

a control panel to monitor and operate the ground water depression 
and NAPL recovery system. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

OU-II NAPL Area L4 

As shown on Figure 5-4, OU-II NAPL Area L4 covers approximately 

26,400 square feet and, as discussed in Section 5.2.1.1, is believed to 

contain approximately 118,500 gallons of OU-II NAPL. As shown on 

Figure 7-6, this OU-II NAPL Area is located on the southern, primarily 

upgradient side of the OU-II Site, including the former lagoon area. As 

discussed in Section 5.2, ground water probably flowed in a radial pattern 

emanating from the center of the lagoon area during the early stages of 

operation of the lagoon as a wastewater equalization basin. The sludge 

that formed on the bottom of the lagoon formed a relatively impermeable 

liner after the lagoon was in operation for some time, eventually 

diminishing the effects of this radial flow pattern. The closure of the 

lagoon in 1996, including the installation of low permeable sheeting 

around the former lagoon area, as shown on Figure 5-4, and an 

impermeable cap over the remediated lagoon has eliminated this radial 

ground water flow pattern in this area. As discussed in Section 3.4.1 and 
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in Section 5.2, the current direction of shallow aquifer ground water flow 

in the OU-II area is to the northwest, toward the Hudson River. 

OU-II NAPL Area L4 is the most extensive of the four OU-II NAPL areas 

around the former lagoon and represents almost 80% of the OU-II NAPL 

that is believed to be present in the area around the former lagoon. 

Similarly, the surface area encompassed by the NAPL in OU-II NAPL 

Area L4 represents approximately 65 percent of the total surface area 

encompassed by all OU-II NAPL. Refer to Section 5.2.1.1 for additional 

information on OU-II NAPL quantity and surface area. In response, the 

majority of the NAPL remedial systems considered in this alternative for 

OU-II NAPL are to be located in OU-II NAPL Area L4. As shown on 

Figure 7-6, nine OU-II NAPL recovery wells and associated ground water 

depression wells are proposed for this area. This represents over half of 

the sixteen OU-II ground water depression and NAPL recovery wells 

considered in this remedial action alternative for use in removing OU-II 

NAPL. Similarly, a 380 foot long NAPL recovery trench is proposed for 

this area in response to comments from the NYSDEC ((NYSDEC, 1997a; 

NYSDEC, 1997b). This represents almost 60% of the total length of NAPL 

recovery trenches to be installed to remove OU-II NAPL as part of this 

alternative. 

As shown on Figure 5-4 and as discussed in Section 5.2.1.1, OU-II NAPL 

Area L4 is primarily located on-site although NAPL has been observed in 

some wells located immediately adjacent to and south of the Harmon 

Yard property line. However, no NAPL has been observed in monitoring 

wells located approximately 20 to 30 feet south of the few off-site OU-II 

NAPL Area L4 monitoring wells that did contain NAPL. The southern 

limit of OU-II NAPL Area L4 extends slightly onto Westchester County 

property and is bounded by the off-site roadway. As discussed above, this 

off-site OU-II NAPL appears to be a remnant of ground water flow 

patterns in the former lagoon area. As shown in Figure 2-8, current 
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ground water flow in this OU-II NAPL Area is towards the former lagoon 

from the Westchester County property. Furthermore, it appears that the 

off-site roadway, which was constructed by compacting existing soils, has 

created a subsurface barrier. Since NAPL generally flows with ground 

water and the off-site roadway appears to have formed a subsurface 

barrier wall, it is unlikely that additional off-site migration of NAPL from 

OU-II NAPL Area L4 will occur in the future. 

OU-II NAPL will also be prevented from migrating north, i.e., toward the 

former lagoon area, by the presence of the low permeability sheeting 

surrounding the former lagoon area that was installed and left in place as 

part of the OU-I remedy. Due to the existing ground water flow direction 

and the presence of the OU-I remedy sheeting, it is very unlikely that 

there will be any noticeable change in the location of NAPL in OU-II 

NAPL Area L4 for the foreseeable future. The only potential migration 

pathway for this NAPL is east, around the OU-I sheeting and toward the 

OU-II portion of Harmon Yard, as shown on Figure 7-6. 

Ground water depression and NAPL recovery pumps installed in wells to 

be located within a NAPL recovery trench are proposed for OU-II NAPL 

Area L4 in response to comments on the draft FS that were provided by 

the NYSDEC (NYSDEC, 1997a; NYSDEC, 1997b). Figure 7-7 presents a 

cross-sectional view of the NAPL recovery trench proposed for OU-II 

NAPL Area L4. The NAPL recovery trench would be approximately two 

feet wide, approximately 380 feet in length and approximately 23.5 feet 

deep. 

As with the NAPL recovery trench proposed for NAPL Area LI, the lower 

part of the trench would be filled with crushed stone to facilitate the 

collection of ground water and OU-II NAPL from this NAPL area. The 

trench would be occupied by an 18 foot deep gravel-filled ground water 

depression and NAPL collection layer and a 5.5 foot deep layer of backfill 
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to be placed over the gravel layer. A layer of geotextile filter fabric would 

be placed between the backfill and the gravel layer. Soil that is to be 

removed from the upper sections of this area to construct the trench has 

not come into contact with the subsurface OU-II NAPL and would be used 

as backfill in the top 5.5 foot section of the trench, shown on Figure 7-7 as 

the average depth of backfill. 

The OU-II NAPL recovery trench to be located in NAPL Area L4 would be 

placed as close as possible to the Harmon Yard property boundary, which 

is coincident with the fence line in this area. The few off-site monitoring 

wells in this area where OU-II NAPL has been observed would then be 

less than 15 feet away from and upgradient of the ground water 

depression and NAPL recovery wells and the NAPL recovery trench 

proposed for this area. The proximity of the OU-II NAPL recovery system 

to these off-site monitoring wells and the eventual effects of existing 

ground water flow patterns in this area would result in recovery of the 

OU-II NAPL in this limited off-site portion of OU-II NAPL Area L4. 

As shown on Figure 7-6, the line of proposed ground water depression 

and NAPL recovery wells to be installed within the NAPL recovery trench 

would extend from east to west along the center of OU-II NAPL Area L4. 

As shown on Figure 5-4, the extreme eastern and western areas are 

identified as part of OU-II NAPL Area L4 primarily because there are no 

monitoring wells located between the monitoring wells at the 0.0 foot 

NAPL contour line (i.e., wells where no NAPL has been observed) and 

monitoring wells where NAPL has been observed. In response, this 

alternative would include the installation of additional OU-II NAPL 

monitoring wells in these extreme eastern and western portions of OU-II 

NAPL Area L4. If NAPL is encountered in this area, the number of ground 

water depression and NAPL recovery wells and the length of the NAPL 

recovery trench to be installed in this OU-II NAPL area would be 

increased in the eastern and western portions of OU-II NAPL Area L4. 
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However, for the purposes of developing the remedial cost estimates 

presented in Section 7.5.2.7, it was assumed that nine OU-II NAPL 

recovery wells, including associated ground water depression and NAPL 

recovery systems, and the 380 foot long NAPL recovery trench would be 

more than adequate to remove OU-II NAPL from this area to the extent 

practical. 

The nine ground water depression and NAPL recovery wells would be 

installed within the trench area, as shown on Figure 7-6. In order to 

provide sufficient depth for the recovery of ground water and NAPL, the 

wells would be installed at a total depth of approximately 23.5 feet below 

ground surface, as shown on Figure 7-7. Since the 3' x 3' x 3' well vaults to 

be installed within the trench at the top of each recovery well would be 

wider than the 2 foot trench width, some additional soil would need to be 

excavated in order to install these vaults. 

The trench could be installed using the same methodologies as presented in 

Section 7.3.1 for Alternative II (i.e., either box excavation or slurry injection). 

As with Alternative II, the overlying soil, which has not come in contact 

with OU-II NAPL, would first be excavated to a depth 8 feet above mean 

sea level (i.e., 7.5 feet below ground surface). On average, this would 

correspond to a depth 7.5 feet below grade. The excavated overlying soil 

would be stockpiled in a lined stockpile area. The remaining 16 feet (i.e., 

total depth of 23.5 feet less 7.5 feet of stockpiled soil) of both soil and OU-II 

NAPL would then be excavated to a depth 8 feet below mean sea level. This 

corresponds to approximately 11 feet below the lowest observed ground 

water elevation for this section of OU-II NAPL Area L4. This material, i.e., 

OU-II NAPL and associated subsurface soil, would be stockpiled on-site. If 

necessary, excavated soil may be solidified to remove free liquids. 

Discussion regarding testing and disposal of excavated materials is 

provided in the following task (i.e., Task 10, discussed in Section 7.5.1.10). 
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The cost estimate for this alternative presented in Section 7.5.2.7 assumes 

that three-quarters of the overlying soil excavated from this area would be 

acceptable for use as backfill in the trench and for regrading the area 

around the trench. Soil and ground water removed from the trench 

would be handled in the same manner as described in Section 7.3.1 for 

Alternative II. 

As shown on Figure 7-6, a 1,500 gallon above ground storage tank would 

be installed in this area to collect the OU-II NAPL that is to be collected 

from the nine ground water depression and NAPL recovery wells to be 

installed within the NAPL recovery trench in this NAPL area. Piping 

would be installed to connect the NAPL recovery wells to this above 

ground storage tank. Piping would also be installed to connect the nine 

ground water depression pumps to be installed in OU-II NAPL Area L4 to 

the ground water treatment plant. 

To summarize, the components of the NAPL recovery system to be 

installed in OU-II NAPL Area L4 are as follows: 

one (1) NAPL recovery trench in NAPL Area L4 (380 feet in length, 2 
feet wide and 23.5 feet deep); 

nine (9) ground water depression and NAPL recovery wells (4 inch 
diameter, 25 feet deep, screened at the water table) and vaults, to be 
installed within the NAPL recovery trench; 

nine (9) two-pump ground water depression and NAPL recovery 
systems to be installed within each of the nine OU-II NAPL recovery 
wells; 

an above ground 1,500 gallon NAPL storage tank, which would be 
designed for use in storing OU-II NAPL collected from OU-II NAPL 
Area LI; 

double wall piping to connect the nine NAPL recovery pumps in the 
OU-II NAPL Area L4 wells to the above ground storage tank; 

conduits for electricity and system control utilities for the OU-II NAPL 
Area L4 ground water depression and NAPL recovery system; and 
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double wall piping to connect the nine ground water depression 
pumps in the OU-II NAPL Area L4 wells to the ground water 
treatment plant; 

a control panel to monitor and operate the ground water depression 
and NAPL recovery system. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

7.5.1.6 Task No. 6: Installation of a Ground Water Treatment System 

Under this alternative, ground water would be removed from each of the 

16 OU-II ground water depression and NAPL recovery wells installed in 

the four OU-II NAPL Areas. As previously discussed, the purpose of 

ground water removal in this Alternative would be to depress the water 

table to create an hydraulic gradient to promote NAPL movement to the 

proposed recovery wells and trenches. Using the required drawdown for 

each of the four NAPL Areas, the amount of ground water that would 

need to be removed from each of the 16 OU-II NAPL recovery wells was 

determined. These calculations are provided in Appendix O. 

Based on the evaluation provided in Appendix O, approximately 47 

gallons per minute of ground water would be recovered from the 16 

ground water depression and NAPL recovery wells. As described in 

Appendix O, the amount of ground water to be removed from each OU-II 

NAPL area was determined to be: 

approximately 15 gpm of ground water from NAPL Area LI; 
approximately 7 gpm of ground water from NAPL Area L2; 
approximately 7 gpm of ground water from NAPL Area L3; and 
approximately 18 gpm of ground water would be removed from 
NAPL Area L4. 
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The actual amount of ground water to be removed by pumping in order 

to attain drawdown in each of the four NAPL Areas as well as the final 

well and trench locations would be determined during the pre-design 

pilot test. Additional discussion regarding the scope of the pre-design 

pilot test is provided in Section 7.5.1.11. 

As discussed in Section 6.7.3, ground water extracted during ground 

water depression and NAPL removal cannot be discharged to the existing 

wastewater treatment facility at Harmon Yard or to the Ossining 

wastewater treatment plant for treatment. The treatment capacities of 

both of these facilities are limited. The Ossining wastewater treatment 

plant does not accept ground water because it dilutes incoming 

wastewater, which interferes with the biological treatment processes at the 

plant. In addition, the existing Harmon Yard wastewater treatment facility 

may not be able to adequately remove the metals that have been detected 

in OU-II ground water. Because ground water cannot be discharged to an 

existing treatment facility, a central ground water treatment facility would 

have to be constructed under this alternative. 

Ground water recovered from the 16 ground water depression wells 

would be discharged to a central ground water treatment plant that could 

be located to the west of the existing wastewater treatment facility at 

Harmon Yard. There is not enough open area at the OU-II Site or in the 

sections of Harmon Yard adjacent to the OU-II Site to recharge the 

significant quantity of treated ground water (i.e., 47 gpm) to the shallow 

aquifer. Consequently, treated ground water would have to be discharged 

to surface water. The most likely discharge method to be used would be to 

pump treated ground water through the existing Harmon Yard 

wastewater treatment plant outfall line to Croton Bay. Croton Bay 

discharges to and is a part of the Hudson River. As a result, this 

alternative assumes that the treated effluent from this plant would 

ultimately be discharged to the Hudson River. 
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To determine the treatment requirements for the extracted ground water, 

the projected influent concentrations to the ground water treatment plant, 

which were assumed to be equal to the maximum OU-II ground water 

concentrations, were compared to the surface water standards for the 

Hudson River. According to this comparison, which is provided in Table 

7-4, ground water extracted under this alternative would require 

treatment for organics, metals and cyanide. 

Table 7-4 lists all the organic and inorganic constituents that have been 

detected in OU-II ground water. The table lists the concentrations of each 

constituent in OU-II ground water that the treatment plant would be 

designed to address and the effluent concentration or discharge limit and 

the percent removal that the treatment plant would have to achieve for 

each constituent. Separate effluent concentrations or discharge limits are 

listed for discharge to surface water and for discharge to ground water. As 

discussed earlier in this section, the 47 gpm of ground water that is to be 

pumped out of the aquifer under this alternative would need to be treated 

and discharged to surface water since ground water recharge of this 

amount of ground water is not feasible at the OU-II Site. As a result, the 

discharge to surface water limits shown on Table 7-4 were used in this 

analysis of treatment requirements that is presented below for this 

alternative. 

The proposed ground water treatment train would include the following 

basic components: 

metals removal, using pH adjustment, flocculation, settling and 
filtration; 
metals removal sludge thickening and dewatering; 
cyanide destruction; and 
organics removal using carbon adsorption. 
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The removal of metals from OU-II ground water would have to be 

conducted in two stages for the following reasons: (1) the relatively high 

concentrations of metals in OU-II ground water; (2) the low discharge 

standards; (3) the variety of metals present; and (4) the broad range of pH 

needed to achieve the metals removal surface water limits listed on Table 

7-4 for this wide variety of metals. Therefore, redundant pH adjustment, 

flocculation and settling systems would have to be installed in series. The 

following is a detailed discussion regarding the components of the 

proposed treatment system. 

Although the anticipated ground water extraction rate is 47 gpm, an 

equipment design flow rate of 60 gpm was used in this analysis to allow 

flexibility in system operation. However, for the cost estimate, an average 

flow rate of 47 gpm was used for operation and maintenance purposes. 

As previously discussed, comparison of the projected influent 

concentrations to the surface water standards (Table 7-4) indicates that 

treatment for organic and inorganic constituents, including cyanide, 

would be required. As shown in Table 7-4, the percentage of organics 

removal required for extracted ground water would range from 27% to 

92% for the VOCs and SVOCs detected. Based on the low projected 

influent concentrations of organics and the physical characteristics of 

these compounds (i.e., low volatility and high molecular weight) liquid 

phase carbon adsorption, a simple, reliable technology, was used in this 

analysis for organics removal. 

Unlike the treatment required to remove organic constituents, a 

significantly more complex metals removal ground water treatment 

system was developed for this alternative based on the projected influent 

concentrations of inorganic constituents. This more complex treatment 

system for inorganic constituents would be required to meet the surface 

water standards for chromium, copper, iron, lead, manganese, mercury, 
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nickel, silver, zinc, and cyanide. A discussion of the treatment 

requirements for each of these constituents is presented below. Inorganic 

constituents having similar treatment requirements are discussed 

together. Following this discussion, the proposed treatment train for the 

ground water treatment plant is provided. 

Chromium, Copper and Zinc 

As shown in Table 7-4, chromium and copper would require 97% removal 

and zinc would require 85% removal to meet the surface water standards. 

The type of treatment needed to remove chromium would depend on the 

valence state of chromium in extracted ground water. Chromium 

concentrations in OU-II ground water are presented as total 

concentrations. The percent removal for chromium, noted in Table 7-4, 

conservatively assumes that all chromium would be present in the 

hexavalent state. Since the discharge limit, as well as the treatment 

process, depends on the valence state of chromium, it will be necessary to 

determine the ratio of hexavalent to trivalent chromium present in OU-II 

ground water. This would be determined during the pre-design studies 

described in Section 7.5.1.11. 

If chromium is present in the hexavalent state, it would have to first be 

reduced to the trivalent state using a reducing agent under acidic 

conditions before it can be precipitated. Once in the trivalent state, the 

chromium would be precipitated out of solution at a slightly elevated pH 

(i.e. pH = 8 to 9). These pH adjustment steps, followed by coagulant 

addition, would also remove copper and zinc. However, it is likely that 

sand filtration would be needed after precipitation and settling to achieve 

the high removal percentages required for chromium, copper and zinc. 
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Iron and Manganese 

As shown in Table 7-4, iron and manganese would both require over 

99.9% removal to meet the surface water standards. Iron and manganese 

are commonly found in wastewater and ground water systems. As a 

result, removal processes for these two constituent are well documented. 

Iron removal can be achieved by pre-oxidation, using either aeration or 

chemical oxidant injection, followed by a pH adjustment to about 8. This 

process would also aid in co-precipitating manv of the other inorganic 

constituents requiring removal, such as manganese, chromium, copper 

and zinc, and may reduce the need for coagulant addition. 

Because the projected influent concentration of iron and manganese are 

very high and a high removal percentage would be required for these 

constituents, large volumes of sludge would be generated by their 

precipitation. To achieve the required surface water effluent limits for 

iron and manganese, it is anticipated that sand filtration would be 

required after precipitation. 

Lead, Nickel and Silver 

As shown in Table 7-4, discharge to surface water would require that 99% 

of the lead, 98% of the nickel and 67% of the silver in OU-II ground water 

be removed during treatment. These removal requirements are due to the 

very stringent surface water effluent limits for these constituents. These 

stringent effluent limits combined with the ability of these compounds to 

form soluble complexes could present a challenge to their removal. Also, 

precipitation of nickel typically requires very high pH levels (i.e. 10 to 11). 

Treatability testing would therefore be needed to determine whether lead, 

nickel and silver would precipitate along with the other metals, or if 

separate treatment steps would be required. 
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Cyanide 

As shown in Table 7-4, cyanide would require 93% removal to meet the 

surface water standards. The most commonly employed technology for 

cyanide removal is destruction using chlorination. Sodium hypochlorite 

would be injected into a reactor vessel containing ground water at an 

elevated pH level (i.e., pH level of 10 to 11). The dosed water would then 

be left in the reactor for a sufficient amount of reaction time to allow 

complete oxidation. After the reaction is completed, the treated water 

would be neutralized and allowed sufficient time to react. 

The above discussion demonstrates that removal of many inorganic 

constituents present in the extracted ground water would require varied 

treatment steps. To determine the optimum treatment train for these 

varied steps, bench-scale and pilot pre-design studies would have to be 

completed. Additional discussion regarding the proposed pre-design 

studies for this alternative is provided in Section 7.5.1.11. For purposes of 

this FS report, the following treatment train has been assumed. A 

schematic of the ground water treatment train is provided as Figure 7-9. 

Step 1. Oil/Water Separator with Solids Settling Chamber: Extracted 
ground water would first pass through this unit to remove any 
NAPL drawn into the extracted ground water stream, as well as 
any settleable solids. 

Step 2. Chromium Reduction: The ground water would then enter a 
mixed reactor vessel where it would be acidified to a very low 
pH level. A reducing agent would then be added to change the 
valence state of chromium. 

Step 3. First Step Precipitation: Following chromium reduction, the 
ground water within the mixed reactor vessel would be 
oxidized, either by aeration or by the addition of an oxidant. 
The pH would be raised to around 8 to allow precipitation of 
chromium, copper, zinc, iron, manganese, as well as some lead, 
nickel and silver. After pH adjustment, chemicals would be 
added to promote coagulation and flocculation of the 
precipitated metals. 
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Step 4. Settling: Following first step precipitation, the effluent from the 
reactor vessel would be introduced into a clarifier where the 
precipitated metals would settle out of solution. 

Step 5. Second Step Precipitation: In the event that the concentrations 
of inorganic constituents have not been reduced sufficiently, a 
second step of precipitation would have to be conducted. It is 
likely that this precipitation would have to be conducted at a 
higher pH level than first step precipitation since the pH level 
required to remove lead, nickel and silver is 10 to 11. Second 
step precipitation would also require additional chemicals for 
coagulation and flocculation. 

Step 6. Settling: Following second step precipitation, the effluent from 
the second step reactor vessel would be introduced into a 
clarifier where the precipitated metals would settle out of 
solution. 

Step 7. Sand Filtration: The effluent from the clarifier would pass 
through a sand filter where the remaining precipitated metals 
would be removed. It is anticipated that this step would be 
needed to achieve the high metals removal percentages 
required. This would complete the metals removal stage of the 
proposed ground water treatment process. 

Step 8. Cyanide Oxidation at Elevated pH: Effluent from the sand filter 
would be introduced into a cyanide oxidation reactor vessel 
where the pH would be raised to about 10 to 11 and sodium 
hypochlorite would be added. The dosed solution would 
remain in the reactor vessel for approximately one hour to 
allow for complete reaction. 

Step 9. Neutralization: The pH of the dosed ground water would then 
be reduced to about 8. Again, the dosed solution would remain 
in the reactor vessel for approximately one hour to allow 
complete cyanide destruction. This would complete the cyanide 
removal stage of the proposed ground water treatment process. 

Step 10. Carbon Adsorption: The effluent from the metals and cyanide 
removal systems would then be introduced into carbon 
adsorption vessels to remove the organic constituents, as well as 
residual chlorine from the sodium hypochlorite added during 
cyanide treatment. Two carbon adsorption vessels would be 
installed in series. 

Step 11. Sludge Thickening: Sludge would be generated in the settling 
chamber of the oil/water separator (Step 1), the two clarifiers 
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(Steps 4 and 6) and the sand filter backwash (Step 7). To reduce 
the disposal cost for this sludge, which may be classified as a 
TSCA liquid waste if PCB concentrations are 2 mg/kg or greater 
and as a listed RCRA hazardous waste, depending on 
characteristics, sludge dewatering would be recommended. The 
first step in dewatering the sludge would be to thicken the 
material in a sludge holding vessel by gravity. The supernatant 
from the sludge holding vessel would then be pumped back to 
the beginning of the ground water treatment system. 

Step 12. Sludge Dewatering: The thickened sludge from the sludge 
holding vessel would then be dewatered. To achieve a high 
percent solids sludge cake, it was assumed for the purposes of 
this analysis that a filter press would be used. The filtrate 
removed from the filter press would be pumped back to the 
beginning of the ground water treatment system. The sludge 
would be tested and removed for off-site disposal. The off-site 
disposal facility to be used for this sludge would be selected 
based on the results of the analysis of the sludge that would be 
generated by the OU-II ground water treatment plant. For the 
purposes of this analysis and for use in the cost estimate 
presented in Section 7.5.2.7, it was assumed that the sludge 
would be disposed of at an off-site TSCA and RCRA approved 
incinerator. 

The cost estimate provided in Section 7.5.2.7 assumes installation of the 

ground water treatment train described above for this alternative. 

Operation of this ground water treatment system is discussed in Section 

7.5.1.9. 

7.5.1.7 Task No. 7: Off-Site Disposal of Wastes Generated During Trench 

Construction and Well Itistallation 

This section describes the probable disposal requirements for the wastes 

that would be generated by the construction of the ground water 

depression and NAPL recovery components of this alternative. These waste 

disposal assumptions were based on information that is currently available 

that characterizes the waste streams that would be generated during 

implementation of this alternative and on the regulatory evaluation 

presented in Section 5.2.1.4. A summary of the waste disposal assumptions 
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used in this section is discussed in Table 7-3. A typical cross-section is 

presented on Figure 7-4. Assumptions regarding waste disposal are 

presented here in order to estimate the cost to implement this alternative, as 

presented in Section 7.5.2.7, and to provide guidance on how this material 

would be handled for disposal purposes. However, if this alternative is 

selected and implemented, the actual disposal requirements for the waste 

material that would be generated during construction and operation of the 

remedy would be based on the results of the analysis of samples of waste 

material collected prior to disposal. For example, if the OU-II NAPL and 

associated subsurface soil that would be removed during construction of 

the NAPL recovery trenches in OU-II NAPL Area LI and OU-II NAPL Area 

L4 contain PCBs in concentrations less than 2.0 mg/kg, the TSCA anti

dilution rule discussed in Section 5.2.1.4 would not apply and this material 

would not be subject to TSCA disposal requirements. Similarly, if this waste 

material did not exhibit the characteristics of a RCRA hazardous waste, then 

the RCRA hazardous waste storage, transportation and disposal 

requirements for a RCRA characteristic hazardous waste would also not 

apply. 

As discussed in Section 7.5.1.5, soil would be removed from the trench in 

two stages and stockpiled for testing. Three different types of materials 

would be removed during trench construction: (1) overlying soil; (2) NAPL 

and associated subsurface soil; and (3) saturated soil. 

Approximately 144 cubic yards (216 tons) and 217 cubic yards (326 tons) of 

overlying soil, respectively, would be removed from the upper portion of 

the OU-II NAPL Area LI trench (i.e., top 9 feet) and the OU-II NAPL Area 

L4 trench (i.e., top 7.5). In both the OU-II NAPL Area LI and OU-II NAPL 

Area L4 trenches, approximately seven feet of OU-II NAPL and associated 

subsurface soil would be removed from the lower portion of the trench and 

an additional nine feet of saturated soil would be removed from beneath the 

NAPL layer. Approximately 124 cubic yards of OU-II NAPL and associated 
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subsurface soil and approximately 160 cubic yards of saturated soil would 

be removed from the lower sixteen feet of the trenches in OU-II NAPL Area 

LI. In addition, Approximately 197 cubic yards of OU-II NAPL and 

associated subsurface soil and approximately 253 cubic yards of saturated 

soil would be removed from the lower sixteen feet of the trenches in OU-II 

NAPL Area L4 . Soil volume calculations are provided in Appendix K. 

To determine the acceptable uses and disposal requirements for these 

materials, soil samples would be collected from the overlying soil, the 

mixture of OU-II NAPL and associated subsurface soil and the saturated 

soil. The overlying soil would be sampled to identify the portion of this 

material that could be used as backfill. The OU-II NAPL and associated 

subsurface soil and the saturated soil would be sampled to determine the 

disposal requirements for this material. Although most of the saturated soil 

that would be excavated would in all likelihood not be regulated by the 

RCRA hazardous waste requirements or by TSCA, the moisture content and 

other characteristics of saturated soil will make it unsuitable for use as 

backfill at the OU-II Site. As a result, it was assumed that this material will 

have to be transported off-site for disposal. 

In order to estimate the cost of remedial action alternatives that entail 

excavation of overlying soil, OU-II NAPL and associated subsurface soil, 

saturated soil and/or the removal of OU-II NAPL as a liquid phase, 

assumptions were made regarding the off-site disposal requirements for 

these materials. This alternative includes the installation of ground water 

depression and NAPL recovery trenches in OU-II NAPL Area LI and OU-

II NAPL Area L4. This would require the excavation of overlying soil, 

OU-II NAPL and associated subsurface soil, and saturated soil from the 

trench areas. As discussed later in Section 7.5.1.9, this alternative also 

entails the operation of the NAPL recovery wells to be placed within the 

OU-II NAPL Area LI and L4 ground water depression and NAPL 

recovery trenches. NAPL recovery pumps would also be installed within 
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the ground water depression, and NAPL recovery wells to be installed 

within the remaining two OU-II NAPL areas (i.e., OU-II NAPL Areas L2 

and L3). The NAPL recovery pumps to be installed in these wells would 

recover OU-II NAPL as a liquid phase. The waste disposal assumptions 

used to estimate the cost of this alternative are described below (for 

overlying soil, OU-II NAPL and associated subsurface soil, and saturated 

soil) and in Section 7.5.1.10 (for OU-II NAPL removed as a liquid phase). 

A summary of the waste disposal assumptions used to estimate the cost of 

this alternative was provided in Table 7-3. The location of overlying soil, 

OU-II NAPL and associated subsurface soil, saturated soil and separate 

phase OU-II NAPL is shown on the typical cross-section, Figure 7-4. 

Soil samples would be collected from the stockpiled overlying soil. A 

frequency of one composite sample per 50 cubic yards of soil was assumed 

for cost estimating purposes. These samples would be analyzed for PCBs. 

The remedial goals for PCBs in surface and subsurface soil defined in the 

OU-I ROD (NYSDEC, 1992) and in NYSDEC guidance (NYSDEC, 1994c) 

would be used to determine if excavated soil can be used as backfill or 

must be disposed of off-site. The PCB soil remedial goals defined in these 

NYSDEC documents are 1.0 mg/kg for surface soil and 10.0 mg /kg for 

subsurface soil. Soil that contains acceptable concentrations of PCBs would 

be segregated for use as backfill and soil that does not contain acceptable 

concentrations of PCBs would be segregated for off-site disposal. For cost 

estimation purposes, it has been assumed that approximately three-quarters 

of this overlying soil would be used as backfill and the remaining one-

quarter would require off-site disposal at a RCRA and TSCA-permitted 

land disposal facility. In all likelihood, however, all of this soil will probably 

be acceptable for use as on-site backfill. Refer to Figure 7-4 and Table 7-3 for 

information on waste disposal assumptions used in this analysis. 

As previously discussed, the source of PCBs in subsurface OU-II NAPL is 

presumed to be the former lagoon. However, the USEPA Office of 
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Pesticides and Toxic Substances had agreed during the design of the 

remedy for OU-I that the source of the PCBs in the surface soil around the 

former lagoon area was not known and that TSCA disposal requirements 

related to this material should be based on the concentration of PCBs as 

found in the environment (USEPA, 1993). As a result, the overlying soil 

would be regulated according to its actual PCB concentration. That is, 

TSCA disposal requirements would not apply to soil containing PCBs in 

concentrations less than 50 mg/kg. Based on the soil sampling that was 

performed in this area during the OU-I remedy and on the surface soil 

remediation conducted in this area during the implementation of the OU-I 

remedy, referred to during the OU-I remedy as Zone A soil (ERM, 1995a), 

it is very unlikely that PCB concentrations greater than the 1.0 mg/kg 

NYSDEC remediation goal for PCBs in surface soil would be found in this 

soil. 

A conservative assumption was used that all the OU-II N APL and 

associated subsurface soil and one-quarter of the saturated soil removed 

during construction of the ground water depression and N APL recovery 

trenches would be classified as a NYSDEC RCRA characteristic hazardous 

waste and a TSCA regulated waste. Refer to Figure 7-4 and Table 7-3. As 

discussed in Section 5.2.1.4, analysis of OU-II NAPL collected during 

previous recovery efforts indicates that OU-II NAPL in all four areas 

would be classified as a RCRA characteristic hazardous waste and OU-II 

NAPL from OU-II NAPL Area L4 would be classified as a New York State 

listed hazardous waste (i.e., B003). Since the source of NAPL around the 

former lagoon is believed to be the former lagoon and the former lagoon 

materials contained PCB concentrations in excess of 50 ppm, NAPL around 

the former lagoon would be classified as a TSCA-regulated waste. Based on 

this information, it was conservatively assumed that all the OU-II NAPL 

and associated subsurface soil and one-quarter of the saturated soil 

removed during construction of the NAPL removal components of this 

remedial action alternative would be classified as a TSCA waste. A sample 
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would be collected from the mixture of OU-II NAPL and associated 

subsurface soil and analyzed for PCBs and for RCRA characteristics (i.e., 

toxicity, corrosivity, reactivity and ignitability). 

Although it has been conservatively assumed for cost estimating purposes 

that all the OU-II NAPL and associated subsurface soil and one-quarter of 

the saturated soil removed during construction of the ground water 

depression and NAPL recovery trench would be disposed of as a TSCA 

and RCRA regulated waste, actual disposal requirements would depend 

on the results of the PCB and RCRA characteristic testing. For example, 

the anti-dilution rule would not apply and TSCA disposal would not be 

required if PCB concentrations in the mixed OU-II NAPL and associated 

subsurface soil were less than 2 mg/kg . Similarly, this waste would not be 

classified as a NYSDEC RCRA listed hazardous waste if PCB 

concentrations were less than 50 m g / k g and this material would not be 

classified as a NYSDEC RCRA characteristic hazardous waste if the 

material does not exceed RCRA regulatory limits for toxicity, corrosivity, 

reactivity or ignitability. 

Subsurface soil that contains OU-II NAPL that is removed during 

construction of the trenches or during the installation of recovery and 

monitoring wells would be subject to the TSCA disposal requirements 

defined in 40 CFR 760(a)(4). This section of TSCA states that non-liquid 

PCBs at concentrations of 50 mg/kg or greater in the form of 

contaminated soil, rags or other debris must be disposed of in a TSCA-

approved chemical waste landfill. OU-II NAPL is primarily a diesel fuel 

mixed with soil. Excavation of the subsurface soil, some of which includes 

the subsurface zone where OU-II NAPL is located, would result in a 

mixture of OU-II NAPL and soil. This mixture would be primarily 

comprised of soil, combined with some amount of OU-II NAPL and 

ground water. 
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Free standing liquids, if any, that may be generated by this OU-II NAPL 

and soil mixture would be removed and disposed of as a TSCA PCB 

liquid waste (i.e., incinerated). Liquids may also be present within the 

mixture, i.e., absorbed or retained onto soil particles. The presence of this 

occluded or absorbed liquid may not result in the formation of standing 

liquids but may cause the OU-II NAPL and soil mixture to fail the paint 

filter test for free liquids. Non-biodegradable solidification agents, such as 

portland cement or cement kiln dust, would be used in this case to solidify 

the OU-II NAPL and soil mixture that is to be removed during 

construction of the ground water depression and NAPL recovery 

trenches. 

USEPA policy (USEPA, 1989b) is that "soil, rags and other debris" 

containing TSCA-regulated concentrations of PCBs would be subject to 

the requirements of 40 CFR 760.60(a)(4) which would allow disposal of 

this material in a TSCA-approved chemical waste landfill. This policy 

states that the term soil should be given a plain meaning interpretation 

and that debris should be defined to include absorbent material 

contaminated through the cleanup of a spill. 

The TSCA disposal regulations related to subsurface soil around the 

former lagoon area which contains PCBs were addressed by the USEPA 

during the selection of the OU-I remedy. As discussed in Section 5.2.1.4, 

the USEPA considered PCBs in subsurface soil around the former lagoon 

area to have originated from the lagoon and thus subject to the TSCA 

treatment and disposal requirements unless PCB concentrations are below 

2 mg/kg. The USEPA's position on subsurface soil around the former 

lagoon area containing PCBs in concentrations greater than 2 m g / k g is 

that TSCA would require that this material be incinerated in a TSCA-

approved facility or disposed of in an off-site TSCA-approved chemical 

waste landfill. However, PCBs have not been detected in OU-II ground 

water and it is unlikely that saturated soil, which has probably not been 
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affected by OU-II NAPL, will be either a RCRA hazardous or a TSCA 

regulated waste. 

If the biopolymer slurry trench method is used in place of the trench box 

method of excavation on which the costs presented in Section 7.5.2.7 for 

this alternative were based, the liquid recovered from the biopolymer 

slurry would be tested, treated if necessary, and disposed of on-site as 

discussed in Section 7.3.1.5. This method would also be expected to 

generate a certain amount of solids for the biopolymer slurry solution. 

These solids would be containerized and tested for disposal purposes. 

Samples of bioslurry solids would be collected at a frequency of one sample 

per container and analyzed, at a minimum, for PCBs and RCRA 

characteristics (i.e., toxicity, corrosivity, reactivity and ignitability). 

Following receipt of the analytical results for these samples, the disposal 

method for these materials would be determined. Since this was not the 

primary trench excavation method used in the development of this 

alternative, costs related to the testing, treatment (if necessary), and 

disposal of liquid recovered from the biopolymer slurry and the 

biopolymer slurry solids are not included in the cost estimate presented in 

Section 7.5.2.7 for this remedial action alternative. 

For cost estimation purposes, the following disposal scenario has been 

developed for this alternative (see Table 7-3 and Figure 7-4): 

three-quarters of the overlying soil excavated for the ground water 
depression and NAPL recovery trenches located in OU-II NAPL Areas 
LI and L4 and all of the surface soil excavated to accommodate the 
recovery well vaults (approximately 109 cubic yards in OU-II NAPL 
Area LI and 164 cubic yards in OU-II NAPL Area L4) would contain 
acceptable concentrations of PCBs (i.e., less than or equal to 1.0 mg/kg 
PCBs for surface soil and less than or equal to 10.0 mg/kg PCBs for 
subsurface soil) and would be used as on-site backfill for the recovery 
trench; 

one-quarter of the overlying soil (approximately 36 cubic yards in OU-II 
NAPL Area LI and 53 cubic yards in OU-II NAPL Area L4) would be 
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classified as a RCRA and TSCA waste and disposed of at an off-site 
RCRA and TSCA-permitted chemical waste landfill; 

all the OU-II NAPL and associated subsurface soil (approximately 124 
cubic yards in OU-II NAPL Area LI and 197 cubic yards in OU-II NAPL 
Area L4) and one-quarter of the saturated soil (approximately 40 cubic 
yards in OU-II NAPL Area LI and 63 cubic yards in OU-II NAPL Area 
L4) removed from the lower portion of the trenches would be classified 
as a RCRA and TSCA waste and disposed of at an off-site RCRA and 
TSCA-permitted chemical waste landfill; 

one-quarter of the saturated soil removed from the lower portion of the 
trench (approximately 40 cubic yards in OU-II NAPL Area LI and 63 
cubic yards in OU-II NAPL Area L4) would be classified as a RCRA and 
TSCA waste and disposed of at an off-site RCRA and TSCA-permitted 
chemical waste landfill; and 

three-quarters of the saturated soil removed from the lower portion of 
the trench (approximately 120 cubic yards in OU-II NAPL Area LI and 
190 cubic yards in OU-II NAPL Area L4) would be classified as a non-
hazardous waste and disposed of at an off-site RCRA-approved non-
hazardous waste landfill. 

It was estimated that approximately 4 tons of drill cuttings would also be 

generated during the installation of the ground water depression and 

NAPL recovery wells that would be needed for this alternative. Since drill 

cuttings generated by the installation of these wells would be a mixture of 

overlying and subsurface soil and OU-II NAPL, it was conservatively 

assumed that this waste material would be disposed of at an off-site TSCA 

and RCRA approved landfill. The drill cuttings would also be sampled and 

analyzed for PCBs and RCRA characteristics prior to disposal. The actual 

disposal requirements for this material would depend on the results of this 

testing. 

7.5.1.8 Task No. 8: Site Restoration 

Site restoration activities would be conducted following installation of the 

ground water depression and NAPL recovery systems. Site restoration 

activities would consist of: replacement of fencing that would be removed 
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from the Harmon Yard property boundary in OU-II NAPL Areas LI and L4 

and regrading and seeding in all four OU-II NAPL areas, as needed. 

Task No. 9: Operation of Ground Water Depression and NAPL Recovery 

Systems 

Once installed, the ground water depression and NAPL recovery systems 

would begin to recover ground water and OU-II NAPL. Although it is 

estimated that it would take approximately 15 years for NAPL removal 

with ground water depression to recover all of the OU-II NAPL that can be 

removed to the extent practicable, the majority of the NAPL that can be 

recovered in a relatively short time period using this approach (i.e., 

approximately 30% of the total NAPL volume) would be removed within 

the first three to four years of operation. This analysis was presented in 

Section 6.7.2 for NAPL recovery with ground water depression. Based on 

the number of ground water depression NAPL recovery wells proposed for 

this alternative (i.e., 16) and the estimated NAPL-only recovery rate (i.e., 2.5 

gpd/well), approximately 45,900 gallons or 30% of the total NAPL volume 

of approximately 153,000 gallons would be recovered in the first 3.5 years of 

operation. 

i.e., 45,900 gal/ ((16 wells)(2.5 gpd/well)(365 days/year)) 

Recovered OU-II NAPL would be stored on-site in the three above-ground 

storage tanks shown in Figure 7-6. This material would be stored on-site for 

no longer than 90 days. As such, the above ground NAPL storage tanks 

would be sized for a 90 day storage period. Testing and disposal of 

recovered OU-II NAPL is discussed in Task No. 10 (Section 7.5.1.10). 

Based on Metro-North's experience with the operation of the existing 

ground water depression and NAPL recovery system in the Harmon Shop 

Storeroom Lot, frequent maintenance of the proposed OU-II ground water 
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depression and NAPL recovery system is expected. Consequently, for 

cost estimation purposes, it has been assumed that submerged portions of 

the ground water depression systems (e.g., pumps) would need to be 

replaced annually. 

In addition to the operation of the ground water depression and NAPL 

recovery systems, this alternative would also include the operation of the 

ground water treatment facility. As discussed above, this system would 

include: 

metals removal, using pH adjustment, flocculation, settling and 
filtration; 
metals removal sludge thickening and dewatering; 
cyanide destruction; and 
organics removal using carbon adsorption. 

Two types of waste materials would be generated during operation of the 

ground water treatment system: sludge from metals removal and spent 

activated carbon. Disposal of these materials is discussed below in Task 

10 (Section 7.5.1.10). 

7.5.2.20 Task No. 10: Off-Site Disposal of Recovered OU-II NAPL and Waste 

Materials Generated During Ground Water Treatment 

As discussed above, recovered OU-II NAPL would be stored in three above 

ground tanks: one 1,500 gallon tank located in OU-II NAPL Area LI; one 

250 gallon storage tank in OU-II NAPL Area L3; and one 1,500 gallon tank 

located in OU-II NAPL Area L4. These tanks would be emptied at least once 

every 90 days and the recovered OU-II NAPL would be transported off-site 

for disposal. Assuming 2.5 gallons is recovered per well per day under 

optimistic operating conditions (i.e., no equipment malfunctions and 

constant NAPL recovery rates of 2.5 gallons per day) from the 16 recovery 
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wells, approximately 14,600 gallons of OU-II NAPL would be recovered 

annually and 3,650 gallons would be recovered every 90 days. 

Because the source of OU-II NAPL is the former lagoon and the former 

lagoon contained PCBs in concentrations greater than 500 ppm PCBs, OU-II 

NAPL recovered from all four OU-II NAPL areas around the former lagoon 

that contain detectable concentrations of PCBs (defined by USEPA as 2 

mg/kg or greater) would be classified as a TSCA regulated waste. As 

discussed in Section 5.2.1.4 and Table 7-3 and as shown on Figure 7-4, OU-II 

NAPL containing PCBs in concentrations above 2.0 mg/kg that is recovered 

as a liquid phase would be disposed of at an off-site TSCA-permitted 

incinerator. Furthermore, analytical testing conducted in 1990 for NAPL in 

the vicinity of the former lagoon suggests that the recovered OU-II NAPL 

would also be a RCRA characteristic waste. As a result, the cost estimate 

presented in Section 7.3.2.7 assumed that recovered OU-II NAPL would 

also be classified as a RCRA characteristic waste. In addition, NAPL from 

OU-II NAPL Area L4 may also be classified as a NYSDEC B003 listed 

hazardous waste since NAPL from a well located in OU-II NAPL Area L4 

(i.e., WB-5) exhibited a PCB concentration greater than 50 ppm during the 

1990 sampling. More recent sampling of NAPL in this area conducted 

during the OU-II remedial investigation detected lower PCB concentrations, 

i.e., less than 50 mg/kg. As a result of the 1990 sampling, however, it was 

assumed that OU-II NAPL that is to be stored in the 1,500 gallon tank 

shown in Figure 7-3 adjacent to OU-II NAPL Area L4 would also be 

classified as a NYSDEC RCRA listed hazardous waste (i.e., B003). 

Recovered QU-II NAPL would be tested to provide the disposal facility 

with the required analytical information and to confirm whether the 

recovered OU-II NAPL is also a RCRA characteristic hazardous waste. At a 

minimum, this testing would include analysis for PCBs and RCRA 

characteristics (i.e., toxicity, corrosivity, reactivity and ignitability). 

Following receipt of the analytical results, the OU-II NAPL would then be 
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disposed. As discussed above and in Section 5.2.1.4, based on previous 

analytical results for NAPL around the former lagoon, it is anticipated that 

all OU-II NAPL recovered as a separate phase (i.e., liquid) phase would be 

classified as a TSCA and RCRA waste and would be disposed of at a TSCA 

and RCRA-permitted incinerator. Actual disposal requirements would be 

based on the results of the analysis of waste characterization samples to be 

collected from OU-II NAPL. The OU-II NAPL waste disposal assumptions 

discussed above and in Table 7-3 and shown on Figure 7-4 were used to 

estimate the costs presented in Section 7.5.2.7 for this alternative. 

Based on the information presented earlier in this subsection regarding 

disposal requirements for OU-II NAPL, the cost estimate presented in 

Section 7.5.2.7 was based on the conservative assumption that the metals 

removal sludge and the spent liquid phase carbon generated during 

ground water treatment would be classified as both a RCRA hazardous 

waste and a TSCA regulated waste. The spent carbon would be disposed 

of in an off-site RCRA and TSCA approved landfill and the metals 

removal sludge would be incinerated as a RCRA hazardous waste and as 

a liquid TSCA waste. Incineration of the metals removal sludge would be 

required to comply with TSCA policy regarding sludge from industrial 

processes that contain PCBs. This is the same TSCA policy that required 

incineration of the sludge from the former Harmon Yard wastewater 

equalization lagoon that was removed during the OU-I remedy. 

In addition to the approximately 14,600 gallons of OU-II NAPL that 

would be recovered annually, it was estimated that the following 

quantities of waste residuals would be generated annually by the 

operation of the ground water treatment plant: 

approximately 2,190 gallons of metals removal sludge generated 
during ground water treatment; and 
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approximately 1,314 pounds of spent activated carbon used in ground 
water treatment. 

These waste residual quantities were used to estimate the cost of this 

alternative. Refer to Section 7.5.2.7 and to Appendix J (Table J-4). 

7.5.1.11 Task No. 11: Pre-Design Studies 

Prior to designing this alternative, pre-design studies (both bench-scale 

and field pilot tests) would be conducted. These studies would 

specifically address: (1) design parameters for the ground water 

depression and N APL recovery systems; (2) treatment requirements for 

the extracted ground water; and (3) the performance of the selected 

treatment technologies. As discussed in Section 7.5.1.9, treatment of the 

extracted ground water would be required prior to discharge. 

A description of the proposed bench-scale and field pilot studies is 

presented below. 

Bench-Scale Testing for Ground Water Treatment 

The purpose of the bench-scale testing pre-design study would be to 

identify potentially appropriate treatment technologies for the extracted 

ground water and to identify which treatment chemicals provide the best 

treatment results. The following steps would be performed during this 

study: 

obtain representative samples; 

characterize ground water for inorganic constituents and organic 
compounds; 

determine the need for chromium reduction (i.e., test for hexavalent 
and trivalent chromium); 

ERM-NORTHEAST 7-150 F:\DATA\PROJECTS\MNCROUII\FS TEXT\SECT 7.DOC 

file://F:/DATA/PROJECTS/MNCROUII/FS


determine the ability of the proposed ground water treatment system 
to remove metals in single step precipitation (i.e., the addition of 
various coagulants, flocculants and variations in pH levels); 

. determine the ability to remove metals using two precipitation steps 
conducted in series (i.e., the addition of various coagulants, flocculants 
and variations in pH levels); 

determine the ability to destroy cyanide and the chemical treatment 
requirements and the retention times needed for treatment; and 

select the process for pilot testing. 

Aquifer, Ground Water Quality and Treatment Pilot Test 

After the ground water treatment bench-scale studies have been 

completed, a field pilot test would be conducted to: (1) determine the 

hydraulic design parameters (i.e., aquifer characteristics) for the ground 

water depression and NAPL removal system; (2) characterize the ground 

water to be extracted and treated; and (3) simulate the ground water 

treatment processes. The pilot study would determine the following 

design parameters for the ground water depression and NAPL recovery 

system and would characterize extracted ground water: 

well spacing; 
ground water extraction rates required to maintain ground water 
depression; 
the volume of extracted ground water to be treated; 
chemical concentrations in the extracted ground water; 
the volume of OU-1I NAPL that will be recovered; and 
the characterization of recovered NAPL (i.e., RCRA hazardous waste 
characteristics, PCB concentrations). 

Using the ground water recovered during the first phase of this pilot 

study, the proposed treatment process would be simulated. During this 

phase of the pilot study, the following information would be obtained: 

the ability of the selected ground water treatment process to 
consistently meet the surface water effluent limits; 
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chemical usage requirements; 
OU-II NAPL recovery rates; 
metals removal sludge generation rates; 
sizing needs for the various treatment components; 
carbon usage rates; and 
any operational difficulties associated with the selected system. 

The information to be obtained through the implementation of these 

studies would then be used to design the key components of this 

alternative, i.e., the ground water depression and NAPL recovery systems 

and the on-site ground water treatment system. 

7.5.2 Evaluation 

In accordance with NYSDEC FS guidance (NYSDEC, 1990), USEPA RI/FS 

guidance (USEPA, 1988) and Section 300.430 of the NCP, this alternarive is 

evaluated for the seven criteria listed in Section 7.0. 

7.5.2.1 Overall Protection of Human Health and the Environment 

This alternative would address the remedial action objectives for OU-II 

NAPL as follows: 

the NAPL removal with ground water depression system would 
remove OU-II NAPL as a liquid phase to the extent practicable (i.e., 
30% of the NAPL present, or approximately 46,000 gallons, over the 
initial three and one half year operating period); 

the removal of OU-II NAPL as a liquid phase from all four OU-II 
NAPL areas and the installation of a NAPL recoverv trench and 
recovery wells at the downgradient boundary of Harmon yard (i.e., 
the northwest boundary of OU-II NAPL Area LI) would prevent off-
site migration of OU-II NAPL; and 

maintaining the existing soil cover and Metro-North work practices at 
the OU-II Site would prevent direct contact with subsurface OU-II 
NAPL. 
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As a result, this alternative would protect human health and the 

environment and would adequately address all of the remedial action 

objectives for OU-II NAPL. 

As discussed in Section 5.2.2.4, the only viable remedial alternative for 

OU-II Croton Bay sediment that would achieve the remedial action 

objective for sediment is natural attenuation, defined for this area as the 

continued deposition of additional sediment in this area from the Hudson 

River and adjacent surface water bodies. This remedial approach has been 

selected to address the potential unacceptable risks posed by OU-II 

Croton Bay sediment to human health and to aquatic life. This alternative 

includes natural sediment deposition as defined in Section 7.1.1 and, as a 

result, would adequately address the remedial action objectives for OU-II 

Croton Bay sediment. 

Although Section 4.4 concluded that OU-II ground water does not pose 

any current or future unacceptable risks to potential receptors and it is 

very unlikely that the concentrations of chemicals of concern in OU-II 

ground water would increase,significantly in the future, ground water 

discharging from the former lagoon area would be monitored to ensure 

the continued protection of human health and the environment. This 

would be accomplished by incorporating an additional perimeter well in 

the OU-II Site area into the Ground Water Monitoring Plan defined in the 

Harmon Railroad Yard Remediation Plan (ERM, 1996) that was approved 

by NYSDEC. As part of the Ground Water Monitoring Plan, trigger 

levels, that would represent the maximum allowable ground water 

concentration of chemicals of concern in OU-II ground water that can 

migrate off-site without posing unacceptable risks to human health and 

the environment, would be developed and the annual ground water 

monitoring results would be compared to these trigger levels. 

Consequently, compliance with the trigger levels would ensure that OU-II 

ground water migrating past the Harmon Yard property boundary to off-
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site receptors does not pose unacceptable risks to human health or the 

environment. 

Compliance with SCGs 

The SCGs and TBCs that were identified in Section 5.1 as applicable or 

relevant and appropriate to this alternative are as follows: 

SCGs 

• Waste Transporter Permits, 6 NYCRR Part 364; 

Hazardous Waste Management Regulations, 6 NYCRR Part 370 
through Part 373; 

. Land Disposal Restrictions, 6 NYCRR Part 376; 

Inactive Hazardous Waste Disposal Site Remeelial Program, 6 NYCRR 
Part 375; 

Selection of Remedial Actions at Inactive Hazardous Waste Sites, 
TAGM HWR-90-4030; 

Fugitive Dust Suppression and Particulate Monitoring Program at 
Inactive Hazardous Waste Sites, TAGM HWR-89-4031; 

. Toxic Substances Control Act, 40 CFR 761; 

Guidelines and Requirements for Workers at Hazardous Waste Sites 
(Subpart 120), OSHA 29 CFR 1910; 

NYSDEC Technical Guidance for Screening of Contaminated 
Sediment; 

NYSDEC Fish and Wildlife Impact Analysis for Inactive Hazardous 
Waste Sites; 

Integrated Risk Information System (IRIS); 

USEPA Risk Assessment Guidance for Superfund (RAGS) Volume I, 
Human Health Evaluation Manual, Part A, Baseline Risk Assessment; 
and 
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NYSDEC Water Quality Standards, Surface Water and Groundwater, 6 
NYCRR Part 703.5. 

TBCs 

. Article 12 of the New York State Navigation Law (New York Oil Spill, 
Control and Compensation Act); 

Environmental Priorities and Procedures in Petroleum Cleanup and 
Removal, 6 NYCRR Part 611; 

National Contingency Plan, Subpart D, Operational Response Phases 
for Oil Removal, 40 CFR Part 300; 

. Safety and Health Regulations for Construction, OSHA 29 CFR 1926; 

NYSDEC Record of Decision for the Harmon Railroad Yard 
Wastewater Treatment Area, NYSDEC Site Number 3-60-010 
(NYSDEC, 1992), also referred to as the OU-I ROD; 

. NYSDEC Record of Decision for the Croton Point Landfill, NYSDEC 
Site Number 3-60-001 (NYSDEC, 1993c); and 

. NYSDEC TOGS 1.1.1, Ambient Water Quality Standards and Guidance 
Values. 

Because this alternative includes a number of different technologies and 

tasks, a number of SCGs listed in Table 5-1 are applicable and many of the 

SCGs and TBCs are relevant and appropriate for this alternative. This 

alternative complies with the requirements of the Inactive Hazardous 

Waste Disposal Site Remedial Program (6 NYCRR Part 375), and the 

NYSDEC TAGM Selection of Remedial Actions at Inactive Hazardous 

Waste Sites (HWR-90-4030). That is, this alternative complies with these 

regulatory requirements since it eliminates or mitigates all significant 

threats to the public health and to the environment presented by 

hazardous waste disposal at the Site (see 6 NYCRR Part 375-1.10(b)) and 

has been evaluated for the seven criteria listed earlier in Section 7.0 of this 

Feasibility Study and defined in Section 375-1.10(c) of 6 NYCRR Part 375 
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and in Section 5.0 of the NYSDEC TAGM referenced above (NYSDEC, 

1990). 

The NYSDEC TAGM HWR-90-4030 entitled "Selection of Remedial 

Actions at Inactive Hazardous Waste Sites" (NYSDEC, 1990) primarily 

deals with the criteria to be used to evaluate remedial action alternatives 

for inactive hazardous waste sites and the methods to be used to select a 

preferred remedial action alternative. As discussed earlier in this section 

(i.e., Section 7.0), the remedial action alternatives developed for this Site 

(i.e., OU-II) were evaluated for the criteria established by the NYSDEC 

and, as a result, the selection of this alternative would comply with these 

components of the NYSDEC TAGM HWR-90-4030. 

In addition, this NYSDEC document also establishes a hierarchy of 

remedial technology treatments to be consistent with the federal 

Superfund Amendments and Reauthorization Act of 1986 (SARA), Public 

Law 99-499, which amended CERCLA, and with RCRA amendments 

which restricted land disposal. This NYSDEC document states that the 

NYSDEC believes it is important to implement permanent remedies when 

practicable. This alternative would remove OU-II NAPL, which is the only 

OU-II media posing potentially unacceptable risks to human health and 

the environment that is to be addressed by remedial actions, as a liquid 

phase and transport it for destruction at an off-site TSCA-approved 

incinerator. As a result, this alternative would comply with the preference 

for treatment established in the NYSDEC TAGM HWR-90-4030. 

This alternative would comply with state rules and regulations, Article 12 

of the New York State Navigation Law, and 6 NYCRR Part 611 which 

require cleanup and removal of petroleum spills. The OU-II NAPL 

recovery trenches and recovery wells that are a key component of this 

alternative would constitute the petroleum cleanup and removal response 

actions required by Article 12 of the New York State Navigation Law and 
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by 6 NYCRR Part 611. In addition, this alternative would remove OU-II 

NAPL to the extent practical, as required by the OU-I ROD (NYSDEC, 

1992) and by the National Contingency Plan (NCP, 1990). Subpart D of the 

NCP at 40 CFR 300.320 (a)(4)(i) requires that the cleanup of petroleum be 

fully sufficient to minimize or mitigate threats to public health and 

welfare and the environment. To summarize, the removal of NAPL is 

required by New York State law and by federal and state regulations and 

the overall approach to NAPL removal outlined in these statutes and 

regulations is to minimize or mitigate, but not necessarily eliminate, risks 

related to NAPL and that reasonable measures should be used to remove 

NAPL to the extent practical. 

As discussed in Section 4.2 and in Section 5.2.1.5, OU-II NAPL has 

migrated less than 200 feet from the former lagoon in the over 20 years 

that it has been present on the water table in this area. As discussed in 

Section 4.4, dissolved constituents from OU-II NAPL and other sources in 

ground water downgradient of the four OU-II NAPL areas do not 

currently pose unacceptable risks to human health or the environment. 

The only potential exposure pathways by which OU-II NAPL could pose 

unacceptable risks to human health or the environment would require 

that OU-II NAPL migrate to the Hudson River or that constituents from 

OU-II NAPL dissolve in ground water at a higher rate in the future. These 

theoretically possible but remote exposure pathways would be sufficiently 

addressed by the OU-II NAPL removal components contained within this 

alternative. Specifically, these components include the removal of liquid 

phase OU-II NAPL and the installation of a recovery trench and wells at 

the downgradient boundary of Harmon Yard, i.e., the northwest 

boundary of OU-II NAPL Area LI. As a result, this alternative would 

comply with these state and federal statutes and regulations regarding the 

cleanup and removal of petroleum released into the environment. 
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In addition, all activities at the Site would be conducted in accordance 

with a Health and Safety Plan that would be prepared during the final 

design to comply with OSHA at 29 CFR 1910, i.e., the Guidelines and 

Requirements for Workers at Hazardous Waste Sites (Subpart 120) and 

OSHA at 29 CFR 1926, i.e., the Safety and Health Regulations for 

Construction. 

As discussed in Section 7.5.1, all waste materials that would be generated 

by implementing this alternative, in particular the mixture of soil and OU-

II NAPL that would be removed during installation of the NAPL recovery 

trenches and wells, the OU-II NAPL to be recovered during operation of 

these systems and the ground water treatment residuals, would be 

properly characterized, stored, transported and disposed of at an 

approved off-site disposal facility, such as a TSCA-approved chemical 

waste landfill (i.e., for the soil and OU-II NAPL mixture) or a TSCA-

approved incinerator (i.e., for separate phase OU-II NAPL and metals 

removal sludge). Storage, transportation, treatment and disposal of any 

recovered OU-II NAPL, soil mixed with OU-II NAPL and ground water 

treatment residuals would be designed to comply with the requirements 

contained in the regulations pertaining to the management of TSCA waste 

(i.e., 40 CFR 761). In addition, storage, transportation, treatment and 

disposal of any recovered OU-II NAPL, soil mixed with OU-II NAPL and 

ground water treatment residuals that may be subsequently characterized 

as a RCRA hazardous waste would be designed to comply with the 

requirements contained in the regulations pertaining to the management 

of hazardous waste. These regulations are: Waste Transporter Permits (6 

NYCRR Part 364); Hazardous Waste Management Regulations (6 NYCRR 

Part 370 through Part 373); and Land Disposal Restrictions (6 NYCRR Part 

376). 

The active components of this alternative would be designed to comply 

with the substantive requirements of permits that may be applicable to on-
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site activities relating to the management of hazardous wastes (e.g., 

storage of a hazardous waste). In accordance with Section 375-1.7 of 6 

NYCRR Part 375, the Inactive Hazardous Waste Disposal Site Remedial 

Program, no permit, consent, approval or other authorization under any 

local government zoning, land-use, or NYSDEC or other New York State 

regulatory program is required for remedial actions that: (1) are on-site; 

(2) satisfy all the substantive requirements of the permit; and (3) are 

selected by a process complying with the public participation program 

requirements of Section 375-1.5, to the extent applicable. 

The ambient air monitoring program discussed in Section 7.5.1.5 that is to 

be implemented during construction of the components of the remedy 

would be designed to comply with the requirements of the NYSDEC 

TAGM HWR-89-4031 entitled "Fugitive Dust Suppression and Particulate 

Monitoring Program at Inactive Hazardous Waste Sites" (NYSDEC, 

1989a). 

As discussed in Section 4.3, the NYSDEC Technical Guidance for 

Screening Contaminated Sediment (NYSDEC, 1993a) was used to identify 

the potential risks posed by chemicals in OU-II Croton Bay sediment. 

Natural sediment deposition, defined in Section 7.1.1, addresses the 

potential risks for this environmental media that were identified based on 

this SCG. 

As discussed in Section 7.5.1.6, ground water recovered during ground 

water depression would be treated and discharged to the adjacent surface 

water (i.e., Croton Bay and the Hudson River) through the existing waste 

water treatment plant (WWTP) outfall line. The ground water treatment 

system conceptual design proposed in Section 7.5.1.6 is based on the 

maximum OU-II ground water concentrations and the surface water 

standards contained in 6 NYCRR Part 703.5. To confirm the design 

parameters of the proposed ground water treatment system and the 
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performance of the technologies identified in the conceptual design 

provided in Section 7.5.1.6, this alternative also includes pre-design bench 

scale and pilot studies. The components of this alternative (i.e., ground 

water treatment and pre-design studies) would therefore ensure that 

surface water standards contained in 6 NYCRR Part 703.5 are met. 

Long Term Effectiveness and Permanence 

Long-term effectiveness and permanence is measured by the magnitude of 

the residual risk and the adequacy and reliability of controls. This 

alternative would reduce any potential long term risks attributable to OU-

II NAPL by achieving the remedial action objectives established in Section 

5.2.1.5: 

to prevent further off-site migration of OU-II NAPL; 
to remove OU-II NAPL to the extent practicable; and 
to continue to prevent direct contact with subsurface OU-II NAPL in 
the vicinity of the former lagoon. 

This section explains how this alternative would reduce the already low 

risks posed by OU-II NAPL to human health and the environment but 

that the pumping of ground water that this alternative requires may pose 

other long-term risks. Ground water pumping will lower the water table, 

thereby increasing the amount of NAPL that is lost to residual saturation 

and that cannot be removed. Ground water depression also requires the 

discharge of treated ground water that may contain PCBs and other 

constituents to Croton Bay and the Hudson River, posing potential 

environmental impacts to sediment and surface water in these areas. 

As discussed in Section 4.2.2, OU-II NAPL is primarily located within the 

Harmon Yard property boundaries and potential direct contact exposures 

or migration pathways leading to unacceptable risks to human health or 

the environment are very unlikely. OU-II NAPL has been observed in off-
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site monitoring wells in only one NAPL area (i.e., OU-II NAPL Area L4). 

As discussed in Section 5.2, the off-site OU-II NAPL adjacent to OU-II 

NAPL Area L4 appears to be a remnant of ground water flow patterns in 

the former lagoon area. Current ground water flow directions have 

reversed in this area since operation of the former lagoon was 

discontinued and the lagoon was remediated. Ground water in OU-II 

NAPL Area L4 now flows toward the OU-II Harmon Yard Site. 

Further migration of OU-II NAPL from OU-II NAPL Area L4 is unlikely 

due to the compacted soil believed to have been used in the construction 

of the off-site perimeter road that surrounds the former lagoon area. The 

10 to 20 feet of unsaturated soil that overlies OU-II NAPL, the standard 

practices discussed in Section 6.3 that are used by Metro-North to govern 

subsurface work throughout Harmon Yard, the BMPs to be developed to 

formalize these practices, and the proximity of OU-II NAPL to the 

remediated OU-I former lagoon virtually eliminates the risk that OU-II 

NAPL would be exposed in the future. In addition, Section 4.4 discussed 

the limited effects that OU-II NAPL and the former lagoon have had on 

ground water in this area. 

In conclusion, the current exposure and migration risks related to OU-II 

NAPL are minimal. As discussed below, the NAPL recovery trenches and 

wells that would be installed if this alternative were selected would 

further reduce these already low risks by removing OU-II NAPL. In 

addition, the NAPL recovery trench that would be installed at the 

northwest boundary of Harmon Yard in OU-II NAPL Area LI would 

provide an effective barrier to the potential (but unlikely) migration of 

OU-II NAPL from this area to the adjacent off-site former New York 

Central Railroad Company property and would thus continue to contain 

OU-II NAPL within the Harmon Yard property boundaries. 
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NAPL removal using ground water depression from the four OU-II NAPL 

areas would be reliable in removing subsurface OU-II NAPL, to the extent 

practicable. Ground water depression NAPL removal from the OU-II 

NAPL Area LI recovery trench would be effective in preventing off-site 

NAPL migration from this OU-II NAPL area. Maintaining the 10 to 20 feet 

of soil that currently covers OU-II NAPL, prohibiting the installation of 

on-site water supply wells in OU-II NAPL areas, maintaining the existing 

Metro-North subsurface work practices, and implementing the BMPs to 

be developed by Metro-North for subsurface work would be reliable in 

preventing direct contact with on-site OU-II NAPL. 

The primary focus of this alternative is the removal of OU-II NAPL as a 

liquid phase through the operation of the recovery wells to be installed in 

each of the four OU-II NAPL areas and the subsequent incineration of this 

separate phase OU-II NAPL at an off-site incinerator. As discussed in 

Section 5.2.1.4, this RI/FS assumes, based on the results of the analysis of 

OU-II NAPL samples collected during previous removal operations, that 

OU-II NAPL that is to be recovered from these areas will be classified as a 

RCRA and TSCA regulated waste. As a result, it was assumed that this 

material will be incinerated at an off-site RCRA and TSCA permitted 

incinerator. If testing demonstrates that this material is not a RCRA and 

TSCA regulated material, it would be incinerated at a permitted non-

hazardous waste incinerator. 

In any case, OU-II NAPL that would be removed as a liquid phase from 

the subsurface environment by NAPL removal with ground water 

depression would be incinerated off-site. Incineration would permanently 

destroy all of the organic compounds present in OU-II NAPL, including 

the petroleum constituents that comprise the majority of this material. It 

would also permanently destroy the PCBs that have been detected in OU-

II NAPL. This alternative relies on incineration as the primary disposal 

mechanism for OU-II NAPL. Consequently, the complete and permanent 

ERM-NORTHEAST 7 - 1 6 2 F:\DATA\PROJECTS\MNCROUII\FS TEXT\SECT 7.DOC 

file://F:/DATA/PROJECTS/MNCROUII/FS


destruction of OU-II NAPL provided by this alternative would satisfy the 

regulatory preference contained in CERCLA for treatment and uses the 

primary remedial approach, i.e., treatment, recommended in the NYSDEC 

guidance for the selection of remedial actions at hazardous waste sites 

(NYSDEC, 1990). Incineration is an effective long-term approach to OU-II 

NAPL. Implementation of this alternative, then, would permanently 

eliminate the potential risks posed by the OU-II NAPL that would be 

removed if this alternative were implemented. 

However, there are three key disadvantages to removing NAPL using 

ground water depression: (1) the loss of NAPL to residual saturation; (2) 

the discharge of treated ground water to Croton Bay and the Hudson 

River; and (3) the formation of discontinuous NAPL Iavers within each 

NAPL area. 

As discussed in Section 6.7.2, NAPL removal with ground water 

depression induces NAPL to flow by gravity to the recovery well by 

lowering the water table, thus creating a hydraulic gradient toward the 

recovery well. Lowering the water table increases the depth of 

unsaturated soil, thus spreading NAPL and increasing the amount of 

NAPL that is lost to residual saturation and cannot be removed. When the 

ground water pumping that is a key part of total fluids recovery and 

NAPL removal with ground water depression is discontinued, the water 

table rises to its current level and the NAPL re-appears as a liquid phase 

on the surface of the water table. Although ground water depression 

NAPL removal rates are 25% higher than NAPL-only removal rates, the 

loss of NAPL to residual saturation during ground water depression 

limits the increase in the overall amount of NAPL that ground water 

depression can achieve. Also, part of the NAPL that is drawn down below 

the normal water table by ground water pumping will remain below the 

water table when ground water pumping is discontinued. The effect of 
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spreading NAPL through the saturated zone is to increase the risk that 

NAPL will adversely impact ground water quality in the future. 

A second disadvantage to NAPL removal with ground water pumping is 

the need to continually extract a significant quantity of ground water in 

order to lower the water table and induce NAPL flow toward the recovery 

areas. As discussed in Section 6.7.3, the extraction, treatment and 

discharge of ground water from OU-II NAPL areas can cause the PCBs 

and other NAPL constituents to be released into the environment. These 

constituents would be mixed with ground water during pumping and 

even after treatment can be released into environmental media such as the 

surface water and sediment in Croton Bay and the Hudson River. 

Obtaining a permit or permit equivalency for this discharge may be 

difficult and may delay the implementation of ground water depression as 

a NAPL removal technology at the OU-II Site indefinitely. 

The third long-term disadvantage of NAPL removal using ground water 

pumping is the likelihood that this approach to NAPL removal will result 

in discontinuous NAPL layers within each NAPL area. The rate at which 

ground water depression can remove NAPL from a recovery well or a 

trench would probably be greater than the rate at which the NAPL in 

these areas can be replaced by the surrounding soil. As a result, there 

would eventually be little or no NAPL in the recovery well or trench and 

in the surrounding area, leaving isolated NAPL layers in sections of the 

NAPL Areas located further from the recovery well or trench. These 

discrete NAPL layers are often more difficult to remove than a single 

continuous NAPL layer removed at a slower rate. 

The formation of discontinuous NAPL layers by ground water pumping 

has already occurred at Harmon Yard in the areas surrounding the 

ground water depression NAPL recovery system at the Harmon Shop 

Storeroom Lot. As discussed in Section 6.7.3, the thickness of NAPL in the 
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immediate vicinity of the recovery well in this area has decreased 

substantially, as has the amount of N APL that has been removed from this 

well in recent years. However, the Field Investigation report (ERM, 1995) 

identified a significant thickness of NAPL in the area surrounding this 

recovery well. The Harmon Yard Remediation Plan (ERM, 1996), which has 

been approved by the NYSDEC, includes plans for an automated NAPL-

only removal system to address the discontinuous NAPL layers in the 

Harmon Shop Storeroom Lot and other NAPL areas at Harmon Yard not 

related to the OU-II Site and for the existing ground water depression 

system in the Harmon Shop Storeroom Lot to be dismantled and 

removed. 

In addition, natural sediment deposition is a component of this 

alternative. The NYSDEC concluded, with respect to sediment in Croton 

Bay impacted by the adjacent Croton Point Landfill, that the long-term 

effectiveness and permanence of natural sediment deposition, as 

measured by the residual risk and the adequacy and reliability of this 

approach, would be acceptable. This conclusion is also applicable to OU-II 

Croton Bay sediment. 

Reduction of Toxicity, Mobility or Volume 

As discussed in Section 5.2.1.2, OU-II NAPL is primarily comprised of 

diesel fuel and contains PCBs and inorganic constituents such as 

chromium, lead and arsenic. There is approximately 153,000 gallons of 

OU-II NAPL present at the Site. NAPL removal with ground water 

depression would generate five waste streams that affect the toxicity, 

mobility or volume of the chemicals present at the OU-II Site (i.e., 

petroleum hydrocarbons, PCBs and inorganic constituents): 

OU-II NAPL removed as a liquid phase; 

loss of OU-II NAPL to residual saturation; 

ERM-NORTHEAST 7 -165 F:\DATA\PROJECTS\MNCROUII\FS TEXT\SECT 7.DOC 

file://F:/DATA/PROJECTS/MNCROUII/FS


overlying soil, OU-II NAPL and associated subsurface soil, saturated 
soil and drill cuttings removed during the installation of NAPL 
recovery trenches and wells; 

treated ground water discharged to surface water; and 

ground water treatment residuals (e.g., metals removal sludge, spent 
activated carbon). 

The manner in which this alternative deals with the Site-related chemicals 

contained in these various waste streams is discussed below. 

This alternative would remove OU-II NAPL as a separate liquid phase 

and transport it for disposal and destruction at a TSCA-approved off-site 

incinerator. As discussed in Section 5.2.1.4, incineration of OU-II NAPL 

that contains PCBs in concentrations over 2 ppm is required in order to 

comply with TSCA disposal regulations. In order to compare the ability of 

each of these technologies to remove NAPL and to comply with the 

NYSDEC requirement to consider the length of time needed for each 

technology to remove NAPL, the amount of NAPL that each technology 

could remove in a relatively short time period (i.e., three to four years) was 

estimated. This analysis, discussed in Section 6.7.2, assumed that ground 

water depression can remove 50% more NAPL than would be removed 

using NAPL-only removal systems. That is, ground water depression is 

expected to remove approximately 30% of the total amount of NAPL 

present in subsurface soil (i.e., 1.5 x 20%, the NAPL-only removal rate 

discussed in Section 6.4.2). This is a conservative estimate since 30% is the 

maximum amount of NAPL removal that has been demonstrated for 

conventional NAPL removal technologies such as NAPL removal with 

ground water depression (Haas, et al., 1997). As a result, it is expected that 

ground water depression would remove approximately 46,000 gallons of 

OU-II NAPL in the first three and one-half years of operation (i.e., 0.3 x 

153,000 gallons). 
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As discussed in Section 7.6.1.9, OU-II NAPL that is removed by ground 

water depression would be incinerated in a TSCA-approved off-site 

incinerator. Incineration would completely destroy the volatile and semi-

volatile organic compounds that comprise diesel fuel and the PCBs that 

have been detected in OU-II NAPL. The relatively low concentrations of 

inorganic constituents present in OU-II NAPL would be handled with the 

ash that would be derived from the incineration of this material. Ash from 

RCRA and TSCA-approved incinerators is disposed of in a chemical waste 

landfill in accordance with the RCRA and TSCA permits for these 

incineration facilities. 

The incineration of the OU-II NAPL that would be recovered if NAPL 

removal with ground water depression were selected would destroy the 

PCBs and other organic compounds in OU-II NAPL and would eventually 

result in the containment of the inorganic constituents in this material (i.e., 

the incinerator ash) in a chemical waste landfill. These actions would 

permanently reduce the mobility, toxicity and the volume of the chemicals 

found in the 46,000 gallons of OU-II NAPL that would be removed as a 

liquid phase by ground water depression during the first three and one-

half years of operation. 

The approximately 107,000 gallons of OU-II NAPL that would remain at 

the OU-II Site as residual saturation (i.e., 0.7 x 153,000 gallons) would be 

less mobile than the OU-II NAPL that would be removed as a liquid phase 

by ground water depression. Natural biodegradation would eventually 

degrade the remaining OU-II NAPL. However, as discussed in Section 

7.5.2.3, ground water depression would spread OU-II NAPL below the 

normal water table. A portion of this NAPL would re-appear as a liquid 

phase on the surface of the water table when ground water pumping is 

discontinued and the water table returns to its current level. In addition, 

the portion of the residual NAPL that would remain below the water table 

after ground water pumping is discontinued would increase the risk that 
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the chemicals in this material would dissolve into ground water and 

adversely affect ground water quality in the future. As a result, the 

increase in the amount of residual NAPL in soil located below the normal 

water table would lead to an increase in the overall mobility of NAPL and 

NAPL constituents in the future. 

As discussed in Section 7.5.1.3 and as shown on Table 7-3, it was assumed 

for cost estimating purposes that: (1) 25% of the overlying soil and the 

saturated soil that would be removed to construct the NAPL recovery 

trenches in OU-II NAPL Areas LI and L4 would be disposed of at a RCRA 

and TSCA approved chemical waste landfill; and (2) all of the OU-II 

NAPL and associated subsurface soil removed during trench construction 

and all of the drill cuttings generated during well installation would be 

disposed of at a RCRA and TSCA approved chemical waste landfill. A 

total of 480 cubic yards of this material would be removed and disposed 

of off-Site if this alternative were selected. A breakdown of the quantity of 

mixed soil and OU-II NAPL for each activity is shown below: 

Waste Percent 
Disposed 
Off-Site 

Total Quantity 
(cubic yards) 

Quantity Disposed 
Off-Site 

(cubic yards) 

Overlying Soil 25% 211 53 
OU-II NAPL and 
Associated Subsurface Soil 

100% 321 (1) 321 

Saturated Soil 25% 413 (2) 103 
Drill Cuttings 100% 3 3 
TOTAL QUANTITY, OFF-SITE DISPOSAL = 480 

NOTES: 

1. Approximately 124 cubic yards of OU-II NAPL and associated subsurface soil 
would be generated by the construction of the NAPL recovery trenches in OU-II 
NAPL Area LI and 197 cubic yards of OU-II NAPL and associated subsurface soil 
would be generated by the construction of the NAPL recovery trendies in OU-II 
NAPL Area L4. 

2. Approximately 160 cubic yards of saturated soil would be generated by the 
construction of the NAPL recovery trenches in OU-II NAPL Area LI and 253 cubic 
yards of saturated soil would be generated by the construction of the NAPL 
recovery trenches in OU-II NAPL Area L4. 
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The mobility of the chemicals in the 480 cubic yards of soil mixed with 

OU-II NAPL generated during trench and well construction would be 

reduced by the placement of this material in a lined and covered RCRA 

and TSCA approved chemical waste landfill. 

As discussed in Section 7.5.1.6 and in Appendix O, approximately 47 

gallons per minute of ground water would be pumped from the 16 

ground water depression wells that would be installed as part of this 

alternative. This is approximately 70,000 gallons of ground water that 

must be treated and discharged every day of operation. As discussed in 

Section 6.7.3, this ground water cannot be discharged to the existing 

wastewater treatment facility at Harmon Yard or to the Ossining 

wastewater treatment plant. Under the terms of a NYSDEC Consent 

Decree, wastewater from Harmon Yard must eventuallv be diverted from 

the Harmon Yard wastewater treatment plant and pumped to the county-

owned sewage treatment plant at Ossining, New York. Metro-North has 

been advised by the Westchester County Department of Environmental 

Facilities that the Ossining wastewater treatment plant will not accept any 

wastewater generated from the lagoon site. As a result, the only option 

available for ground water pumped from the OU-II Site is on-site 

treatment and discharge through the existing Harmon Yard wastewater 

treatment plant outfall line to Croton Bay. Croton Bay discharges to and is 

a part of the Hudson River. As a result, this alternative requires that the 

ground water pumped during NAPL removal and treated on-site would 

ultimately be discharged to the Hudson River. 

Section 7.5.1.6 discussed the treatment processes that would be needed to 

remove chemicals from the 70,000 gallons per day of pumped OU-II 

ground water to meet the discharge limits for the Hudson River. 

Treatment does not remove 100% of all ground water constituents and, as 

a result, some of the chemicals in OU-II ground water, including 

petroleum hydrocarbons, PCBs and inorganic constituents, would 
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eventually be discharged to surface water and sediment in Croton Bay 

and the Hudson River. The aggressive pumping of OU-II ground water 

and the subsequent discharge to the Hudson River of some of the 

chemicals found in OU-II ground water as well as some of the chemicals 

in OU-II NAPL that may be mixed with existing ground water will 

increase the mobility of these chemicals. Most of these chemicals have a 

strong affinity for soil and would not migrate to Croton Bay or the 

Hudson River from OU-II ground water under natural (i.e., non-

pumping) conditions. 

Ground water treatment will also generate waste residuals that must be 

disposed of off-site. As discussed in Section 7.5.1.10, it was estimated that 

the following quantities of waste residuals would be generated annually 

by the operation of the ground water treatment plant: 

approximately 2,190 gallons of metals removal sludge generated 
during ground water treatment; and 

approximately 1,314 pounds of spent activated carbon used in ground 
water treatment. 

Based on information presented in Section 7.5.1.10, it was assumed that 

the metals removal sludge and the spent activated carbon generated 

during ground water treatment would be classified as both a RCRA 

hazardous waste and as a TSCA regulated waste. The spent activated 

carbon would be disposed of in a RCRA and TSCA approved off-site 

landfill, thereby reducing the toxicity, mobility and volume of the organic 

compounds removed from ground water onto activated carbon. The 

metals removal sludge would be incinerated at a RCRA and TSCA 

approved facility and the resulting ash would be disposed of in a RCRA 

and TSCA approved off-site chemical waste landfill. The placement of this 

material in a lined and covered RCRA and TSCA approved chemical 

waste landfill would reduce the mobility of the inorganic constituents 

removed from ground water during metals treatment. 
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Natural sediment deposition in the OU-II Croton Bay sediment area, 

which is a component of this alternative, would have no affect on the 

toxicity or volume of chemicals in this sediment. However, the mobility of 

chemicals in OU-II Croton Bay sediment would be reduced as sediment 

from adjacent surface water bodies covers and contains OU-II Croton Bay 

sediment. 

Short-Term Effectiveness 

As discussed in Section 7.6.1, design, construction and installation of the 

NAPL removal components defined in this alternative can be completed 

and operation can begin within one to two years from the approval by the 

NYSDEC of a Remedial Design and Remedial Action Work Plan. A 

Remedial Design and Remedial Action Work Plan is typically required by 

the NYSDEC following the selection of a remedial action approach in a 

NYSDEC record of decision. The specific schedule for implementation of 

this alternative would be defined in the Remedial Design and Remedial 

Action Work Plan. Much of this time would be used for design, regulatory 

approval and contractor selection and procurement. On-site construction 

activities, such as the installation of the NAPL recoverv trenches and 

wells, transportation to an off-site disposal facility of the waste generated 

during construction, and construction of the on-site ground water 

treatment plant would occur over a time period that would probably not 

exceed six to twelve months. Potential short-term effects during 

construction of the remedy, then, would be limited to this six to twelve 

month time period. 

As discussed in Section 7.5.1.6, the amount of NAPL that various NAPL 

removal technologies could remove in a relatively short period of time 

(i.e., 3 to 4 years) was estimated in order to compare the ability of each of 

these technologies to remove NAPL and to comply with the NYSDEC 
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requirement to consider the time needed for each technology to remove 

NAPL. This analysis, discussed in section 6.7.2, concluded that most, if not 

all, of the NAPL that could be removed through ground water pumping 

would be removed in the first 3.5 years of operation. Operation of the 

NAPL removal with ground water depression system may continue after 

the initial 3.5 year period, but the rate at which NAPL would be removed 

is expected to decrease substantially. For the purposes of this evaluation, 

however, it was assumed that the potential short-term effects from 

operation of this alternative would occur over a period of 3.5 years. 

The possible short-term exposures that could result from implementation 

of this remedy are related to the following activities: 

to community and recovery trench and well installation, OU-II 
workers: NAPL recovery and ground water pumping; 

and 

to community and the transportation of soil, OU-II NAPL and 
environment: wastes generated during trench and well 

construction, transportation of recovered OU-
II NAPL, loss of NAPL to residual saturation 
and discharge of treated ground water to 
surface water. 

The potential for a temporary increase of risk to the community and 

workers due to particulate emissions (dust) during recovery trench 

construction would be controlled by the use of dust control measures such 

as water or foam sprays. The degree to which these measures would be 

used would depend upon particulate levels in ambient air at the property 

boundary as determined through the particulate air monitoring program. 

Workers would also be protected by respirators (if needed) and protective 

clothing. 

Potential short-term risks to the community could be posed by this 

alternative from transportation of excavated trench soil and OU-II NAPL 
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to an off-site disposal facilities. Automotive related injuries, as well as 

potential exposure of spilled material to the community and the 

environment along the transportation route would be potential concerns. 

Approximately 480 cubic yards of soil mixed with NAPL would need to 

be removed from the Site during construction of the NAPL recovery 

trenches and wells. Since most trucks carry a maximum load of 15 cubic 

yards, approximately 30 to 40 vehicles would need to enter and leave the 

Site during the one year construction period to transport this material to 

an off-site RCRA and TSCA approved chemical waste landfill. In addition, 

it was estimated that this alternative would remove approximately 46,000 

gallons of OU-II NAPL during the first 3 to 4 years of operation. Vehicles 

transporting RCRA and TSCA regulated liquid waste carry an average 

load of approximately 3,000 gallons each. As a result, approximately 15 to 

20 vehicles would need to enter and leave the Site to transport liquid 

phase OU-II NAPL to an off-site RCRA and TSCA approved incinerator 

during the first 3 to 4 years of operation. This is a manageable number of 

vehicles and the potential short-term effects related to the transportation 

of wastes generated as part of this alternative are not significant. 

As discussed in Section 4.2.2, the existing data clearlv demonstrates the 

following: (1) exposures to OU-II NAPL and to OU-II NAPL constituents 

have not occurred in the past; (2) there are no OU-II NAPL or OU-II 

NAPL constituent exposure pathways at the current time; and (3) it is very 

unlikely that such exposures will occur in the future. As a result, the 

presence of OU-II NAPL would not pose an unacceptable risk to human 

health or the environment during the two year time period that it is 

expected would be required to design and construct the remedy. Once the 

components of the NAPL removal with ground water depression 

alternative have been installed and operation begins, the movement of 

OU-II NAPL would be controlled and the potential migration of OU-II 

NAPL and the risks associated with these pathways would be further 

minimized and possibly eliminated. 
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However, this alternative requires that approximately 70,000 gallons of 

ground water be pumped from the OU-II Site, treated, and discharged to 

Croton Bay and the Hudson River every day. As discussed below, this 

poses short-term risks that are unique to this alternative. 

Section 7.5.1.6 discussed the treatment processes that would be needed to 

remove chemicals from OU-II ground water to meet the discharge limits 

for the Hudson River. Treatment does not remove 100% of all ground 

water constituents and, as a result, some of the chemicals in OU-II ground 

water, including petroleum hydrocarbons, PCBs and inorganic 

constituents, will eventually be discharged to surface water sediment in 

Croton Bay and the Hudson River. Some of these chemicals will remain 

dissolved or suspended in surface water, potentially affecting aquatic life. 

Since the concentration of these chemicals in treated ground water will 

meet surface water discharge limits, the impacts to surface water will be 

limited. However, some of the chemicals in treated ground water will 

settle in the Croton Bay outfall area and will accumulate in Croton Bay 

and Hudson River sediment. 

The accumulation of chemicals from treated ground water in the sediment 

in these surface water areas could lead to adverse effects on aquatic life 

exposed to these sediments and to human health from the ingestion of 

aquatic life. The mechanisms by which chemicals in treated ground water 

accumulate in sediment and the adverse effect on human health and 

aquatic life cannot be quantified until the system is in operation. Although 

chemicals from treated ground water will accumulate in Croton Bay and 

Hudson River sediment during the 3 to 4 years of operation of this 

alternative, their effects on human health and aquatic life would continue 

after ground water pumping has been discontinued. The presence of these 

chemicals in Croton Bay and Hudson River sediment would continue to 
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pose potential risks until they are covered by the natural sediment 

deposition that will occur in these areas over time. 

In addition, there would be no short-term effects from the natural 

sediment deposition that is expected to occur in the OU-II Croton Bay 

sediment area that would address the presence of chemicals in this 

sediment related to past activities at Harmon Yard and from other 

sources, as discussed in Section 5.2.2. 

Implementability 

No special technologies, materials, or labor would be required to complete 

the work proposed under this alternative. On-site soil cover maintenance, 

on-site public well restrictions, recovery well and ground water 

monitoring well installation, trench installation, NAPL recovery with 

ground water depression, NAPL disposal and ground water monitoring 

are proven technologies and are easily implementable from an 

engineering perspective. There are no unknown design factors or 

technological difficulties associated with any of the technologies identified 

above. 

However, there are considerable implementability concerns associated 

with the discharge of treated ground water to adjacent surface water 

bodies (i.e., Croton Bay and the Hudson River). Over the years, surface 

water outfalls located at the Harmon Railroad Yard have come under 

close public and regulatory scrutiny. Metro-North is under a NYSDEC 

Consent Decree to divert Harmon Yard wastewater from the on-site 

treatment plant and Croton Bay discharge and to convey this wastewater 

to the county-owned sewage treatment plant at Ossining. Metro-North 

has been advised by the Westchester County Department of 

Environmental Facilities that it will not accept wastewater generated from 

the OU-II Site. 
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Based on previous public and regulatory positions regarding discharges 

from the Harmon Railroad Yard to adjacent surface water bodies (i.e., 

Croton Bay and the Hudson River) and the fact that the ground water that 

would be discharged under this alternative originates from the OU-II Site, 

it is expected that it would be extremely difficult to obtain regulatory and 

public approval to discharge treated ground water to Croton Bay or to the 

Hudson River. 

As discussed in Sections 6.2 and 6.3, on-site access and use restrictions are 

currently maintained by Metro-North. These practices are to be 

formalized by the BMPs being developed for Metro-North as part of the 

Environmental Studies Project. As discussed in Section 5.2.1.1, all but a 

limited (i.e., a 100 foot by 20 foot area adjacent to OU-II N APL Area L4) 

area of OU-II NAPL is located within the boundaries of the Harmon Yard 

property. As a result, the current and anticipated access and use 

restrictions maintained by Metro-North for Harmon Yard are 

implementable. As discussed in Sections 6.2 and 6.3, access to and use of 

the limited off-site OU-II NAPL Area L4 is restricted by its proximity to 

Harmon Yard, which would require Metro-North's approval for any 

subsurface excavation work in this area, and by the NYSDEC requirement 

(NYSDEC, 1993a) that a deed restriction be implemented for this 

Westchester County property that restricts future use of ground water in 

this area. These access and use restrictions are also implementable. 

In addition, there are no barriers to the implementabilitv of natural 

sediment deposition in the OU-II Croton Bay sediment area. 

Cost 

The total capital and operation and maintenance (O&M) cost of 

Alternative IV is approximately $5,236,309. The total capital cost for this 
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alternative is approximately $4,087,640 and the total present worth of the 

O&M costs for this alternative is approximately $1,148,669. The capital 

cost includes a 45% increase over the base cost to address administrative, 

engineering and contingency costs. 

As previously discussed, based on the extent of OU-II N APL at the Site 

and the amount of NAPL that is recoverable using this technology, it was 

conservatively assumed that ground water depression NAPL recovery 

would take approximately 3.5 years to complete. Therefore, the cost 

estimate provided in Appendix J, Table J-5 therefore assumes that ground 

water depression NAPL recovery will be conducted for 3.5 years. 

The first year of O&M activities for the ground water depression NAPL 

recovery systems would entail system start-up and troubleshooting. A one 

year start-up period is needed to ensure that the installation of the this 

system has been adjusted to Site conditions. Operation of NAPL removal 

with ground water depression systems and vacuum enhanced NAPL 

recovery systems are particularly sensitive to site conditions and effective 

operation requires that the contractor responsible for system installation 

also be responsible for adjusting the system for long-term operation. 

Because these activities are related to system installation, a capital activity, 

the first year of O&M was included in the capital costs identified in 

Appendix J, Table J-5. Consequently, the total O&M cost provided in 

Appendix J, Table J-5 includes 2.5 years of O&M costs. 

The present worth of the annual O&M costs includes operation of the 

ground water depression NAPL recovery systems (approximately 

$422,243 per year for 2.5 years), access restrictions (approximately $1,176 

per year for 3.5 years), site inspections (approximately $2,000 per year for 

30 years) and ground water monitoring, referred to as a common action in 

the Appendix J cost tables (approximately $4,000 per year for 30 years). 

The present worth for all O&M costs was based on a discount rate of 7% in 
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accordance with Revisions to OMB Circular A-94 on Guidelines and Discount 

Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 June 1993 

(USEPA, 1993a) and a 20% contingency. 

As discussed above, it was conservatively assumed that ground water 

depression NAPL recovery would take approximately 3.5 vears to remove 

OU-II NAPL to the extent practicable and that access restrictions would be 

needed for that time period. In contrast, a 30-year time period was 

assumed for on-going (i.e., post-closure) O&M activities, such as ground 

water monitoring and site inspections. A 30 year ground water 

monitoring period was conservatively assumed based on the 30 year post-

closure care period required for RCRA solid and hazardous waste units 

under federal regulation 40 CFR 264.117. However, RCRA (40 CFR 

264.117(c)) also allows for a reduction in the 30-year time period provided 

Site inspection reports demonstrate that the site is secure. 

In accordance with the draft proposed NYSDEC Division Technical and 

Administrative Guidance Memorandum, Division Policy on Regular Reinexv 

of Remedial Actions, (NYSDEC, 1995), annual site inspections would be 

conducted to evaluate the performance and effectiveness of the remedial 

action and the need for continued O&M at the Site. At the conclusion of 

these site inspections, the inspector would complete the "Hazardous 

Waste Site Annual Review Certification", recommend improvements to 

the remedial action or recommend that the site be delisted. Unlike 

CERCLA practices and the RCRA post-closure requirements (40 CFR 

264.117(c)), which recommend conducting inspections every five years 

after the remedy has been completed, NYSDEC recommends that 

inspections be conducted annually during and after implementation of the 

remedial action. As such, annual site inspections would provide an 

opportunity for termination of O&M at the Site. A detailed description of 

the Alternative IV cost estimates is provided in Appendix J. 
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ALTERNATIVE V: OU-II NAPL REMOVAL USING VACUUM 

ENHANCED NAPL RECOVERY 

Description 

Alternative V would entail NAPL removal from the four identified OU-II 

NAPL areas using air injection wells and NAPL recovery wells equipped 

with vacuum enhanced NAPL recovery systems. This alternative consists 

of the following technologies: 

1. Common Actions, as discussed in Section 7.1, including: 

Natural Sediment Deposition (Task No. 1); and 
Ground Water Monitoring (Task No. 2). 

2. Access Restrictions and Use Restrictions (Task No. 3). 

3. Vacuum Enhanced NAPL Recovery, including: 

Site Preparation (Task No. 4); 

Installation of Air Injection Wells and Vacuum Enhanced NAPL 
Recovery Systems (Task No. 5); 

Installation of a Ground Water Treatment System (Task No. 6) 

Off-site Disposal of Waste Generated During Well Installation (Task 
No. 7); 
Site Restoration (Task No. 8); 

Operation of Vacuum Enhanced NAPL Recovery Systems and 
Ground Water Treatment System (Task No. 9); 

Off-site Disposal of Recovered OU-II NAPL and wastewater 
treatment residuals (Task No. 10); and 

Pre-Design Studies (Task No. 11). 

Although the pre-design studies would be conducted at the beginning of 

the OU-II NAPL activities (i.e., prior to site preparation), the Pre-Design 

Studies task will be discussed at the end of Section 7.6.1 so that the reader 
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has an understanding of the proposed scope of work under this alternative 

and the pre-design needs. 

The common actions are described in general in Section 7.1. The specific 

actions and the sequence of work required to implement all of the 

components of this alternative are described below. A summary of the 

remedial components of this alternative is presented in Table 7-1. 

Design (including pre-design studies), construction, installation and a one 

year start-up period for the vacuum enhanced NAPL recovery and 

ground water treatment components defined in this alternative can be 

completed and full-scale operation can begin within two to three years 

from the approval by the NYSDEC of a Remedial Design and Remedial 

Action Work Plan. A Remedial Design and Remedial Action Work Plan is 

typically required by the NYSDEC following the selection of a remedial 

action approach in a NYSDEC record of decision. The specific schedule for 

implementation of this alternative would be defined in the Remedial 

Design and Remedial Action Work Plan. 

7.6.1.1 Task No. 1: Natural Sediment Deposition (Common Action) 

As discussed in Section 5.2.2.4, 6.0 and 7.1.1, natural sediment deposition 

would be ongoing at the Site and therefore would not impact the remedial 

action sequence of work. Natural sediment deposition is defined in this 

case as the continued deposition of additional sediment in the OU-II 

Croton Bay sediment area from the Hudson River and adjacent surface 

water bodies. 

7.6.1.2 Task No. 2: Ground Water Monitoring (Common Action) 

As discussed in Section 7.1.2, this common action would involve 

incorporating an additional ground water monitoring well into the Harmon 
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Yard Ground Water Monitoring Plan that was defined in the Harmon 

Yard Remediation Plan (ERM, 1996). The Harmon Yard Remediation Plan has 

been approved by the NYSDEC. The Harmon Yard Ground Water 

Monitoring Plan provides for the collection and analysis of ground water 

samples on an annual basis. As discussed in Section 7.1.2, maximum 

concentrations (i.e., trigger levels) for the OU-II ground water chemicals of 

concern identified on Table 7-2 would be developed based on the 

procedures used in the Harmon Yard Remediation Plan (ERM, 1996) to 

develop Harmon Yard ground water trigger levels. The analvtical results 

and the ground water trigger levels for OU-II ground water would be 

presented in the annual Site operation, maintenance and monitoring 

report to be submitted to NYSDEC. The need for and contents of this 

annual report was discussed in Section 7.1.2. This common action would 

not impact the remedial action sequence of work 

7.6.1.3 Task No. 3: Access Restrictions and Use Restrictions 

Access restrictions would prevent direct contact exposures to OU-II NAPL 

that is present on the water table around the former lagoon. Currently, all 

four OU-II NAPL areas are overlain with 6 to 19 feet of soil. As discussed 

in Section 5.0 and shown on Figures 5-1 through 5-4, all but a negligible 

portion of the OU-II NAPL is located on-site, i.e., within the Harmon Yard 

property boundary. As shown on Figures 5-2 and 5-3, OU-II NAPL Areas 

L2 and L3 are located entirely within the boundaries of Harmon Yard. 

Access restrictions for the OU-II NAPL areas would be accomplished by 

maintaining the soil that overlays this OU-II NAPL, by maintaining the 

general Harmon Yard access restrictions and the land use restrictions 

required by the OU-I remedial actions and by maintaining the existing 

fence around the former lagoon area. 

Use restrictions would involve limiting certain activities at the Site in 

order to minimize the potential for direct contact with subsurface OU-II 
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NAPL. Use restrictions for this Site would include: restricting subsurface 

work (e.g., construction, utility repair or installation) and prohibiting the 

installation of water supply wells in or affected by the OU-II NAPL areas. 

As discussed in Section 6.3, Metro-North's existing Harmon Yard 

construction practices and the BMPs currently being developed for Metro-

North as part of the Environmental Studies Project would be used to 

maintain control over subsurface activities at the Site and prohibit the 

installation of water supply wells in or affected by the OU-II NAPL areas. 

Access and use restrictions would be ongoing at the Site. These activities 

would be conducted as part of Site operations and would be reported as 

part of the annual Site operation, maintenance and monitoring report to be 

submitted to the NYSDEC, as discussed in Section 7.1.2. As a result, this 

task would not impact the remedial action sequence of work. 

7.6.1.4 Task No. 4: Site Preparation 

Site Preparation would entail removing a portion of the Site border fencing 

in OU-II NAPL Area LI and removing existing vegetation located in areas 

along the fence lines in OU-II NAPL Areas LI and L4. This work would be 

needed to allow drilling and other construction equipment access to OU-II 

NAPL Areas LI and L4. Regrading may also be conducted in OU-II NAPL 

Area L4 to allow drilling equipment access to this area. 

7.6.1.5 Task No. 5: Installation of Air Injection Wells ami Vacuum Enhanced 

NAPL Recover]/ Sijstems 

Under this alternative air injection wells and OU-II NAPL recovery wells 

equipped with vacuum enhanced NAPL recovery systems would be 

installed within each of the four OU-II NAPL Areas. The locations of the 

proposed air injection wells and OU-II NAPL recovery wells were 

determined based on the extent of OU-II NAPL in each of the four OU-II 
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NAPL areas. The layout of the components of the vacuum enhanced 

NAPL removal alternative is shown on Figure 7-9. The spatial layout of 

the air injection wells and OU-II NAPL recovery wells have been designed 

to collect and recover the OU-II NAPL that is present within the 0.0 foot 

NAPL contour line discussed in Section 5.2.1.1 and previously shown on 

Figures 5-1 through 5-4. This is a conservative approach, since, as 

described in Section 7.6.1.5, OU-II NAPL may not actually be present in 

some of the outer sections of OU-II NAPL Areas LI and L4. 

As discussed in Section 6.6, vacuum enhanced NAPL recovery works by 

creating a vacuum in the unsaturated soil zone located immediately above 

the NAPL layer and by inducing air flow throughout this zone. This 

induced air flow, in turn, promotes movement of NAPL toward the 

vacuum recovery wells. The flow of air from the air injection wells to the 

vacuum recovery wells also promotes the biodegradation of the 

petroleum-related organic constituents present in separate phase OU-II 

NAPL as well as in OU-II NAPL that has been absorbed onto soil particles 

in the unsaturated zone located immediately above the NAPL layer. 

NAPL absorbed onto soil particles in this unsaturated zone is also referred 

to as residual NAPL saturation. 

As a result, vacuum enhanced NAPL removal requires a relatively 

consistent flow of air through the unsaturated zone above the NAPL 

layer. Recovery trenches are constructed of crushed stone and provide a 

high permeability preferential pathway for air flow. Recovery trenches 

used with vacuum enhanced NAPL removal would cause most, if not all, 

of the air flowing through the unsaturated zone to short-circuit, i.e., to 

flow the recovery trench and not through the unsaturated soil zones 

where OU-II NAPL is present. Consequently, recovery trenches would 

prevent vacuum enhanced NAPL recovery from removing OU-II NAPL 

from much of the area where this material is found. For this reason, 
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recovery trenches are not proposed in this alternative for use with 

vacuum enhanced NAPL removal. 

As previously discussed, it is ERM and Metro-North's opinion that NAPL 

recovery trenches are only required for areas where there is a potential for 

OU-II NAPL to migrate off-site. NAPL Area LI is the only area where the 

potential for off-site migration of OU-II NAPL exists. To prevent potential 

future migration of the OU-II NAPL located in this area, this alternative 

includes the installation of sheeting on the downgradient side of OU-II 

NAPL Area LI to a depth of approximately 16 feet below grade along the 

western fence line bordering NAPL Area LI. The location of this sheeting 

is shown on Figure 9. This depth is approximately two feet below the 

lowest elevation that NAPL has been observed in this section of OU-II 

NAPL Area LI. 

As discussed in Section 6.6.2, studies have demonstrated that vacuum 

enhanced NAPL recovery can remove NAPL through biodegradation, 

volatilization and physical removal as a liquid phase. Since the are few, if 

any, volatile organic compounds remaining in OU-II NAPL, removal of 

NAPL constituents by volatilization was assumed to be negligible. 

Information provided in these studies was used to determine that vacuum 

enhanced NAPL recovery would remove 2.3 gallons of NAPL through 

biodegradation for every 1.0 gallon of NAPL removed as a liquid phase. 

This information was also used to determine that vacuum enhanced 

NAPL recovery can be expected to remove approximately 70% of the 

153,000 gallons of NAPL present at the OU-II Site over the initial three 

year operating period, or approximately 107,000 gallons of NAPL, 

through both biodegradation and removal as a liquid phase. 

This is a conservative estimate, since the studies discussed in Section 6.6.2 

were used to demonstrate that each vacuum enhanced NAPL recovery 

well can be expected to remove at least 10 gallons per day of NAPL 
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through biodegradation and as a liquid phase. If all 11 vacuum enhanced 

NAPL recovery wells planned for this alternative were to operate at this 

rate continuously, they would remove a total of 40,150 gallons of NAPL 

per year through biodegradation and as a liquid phase. The total amount 

of NAPL that would be removed by vacuum enhanced NAPL recovery 

over the initial three year operating period using this conservative 10 

gallon per day per well NAPL removal rate would be 122,000 gallons, or 

approximately 80% of the total 153,000 gallons of NAPL present at the 

Site. Since the information presented in Section 6.6.2 demonstrates that the 

use of vacuum enhanced NAPL recovery at the OU-II Site can remove 

over 80% of the NAPL present at the Site, the assumption used in this 

analysis that this alternative would remove only 70% of the total amount 

of NAPL is conservative. 

The cost estimate presented in Section 7.6.2.7 assumes that all of the air 

injection wells and OU-II NAPL recovery wells proposed for use in this 

remedial action alternative would be 4-inch diameter wells installed 

specifically for this purpose. However, a number of the existing OU-II 

NAPL monitoring wells installed in this area are 4-inch diameter wells 

and may be used as air injection or vacuum enhanced OU-II NAPL 

recovery wells. The air injection wells and vacuum enhanced OU-II NAPL 

recovery wells would be installed 5 to 10 feet below the water table. The 

well screen would be placed a sufficient distance both above and below 

the water table. 

Under this alternative, vacuum enhanced NAPL recovery systems would 

be installed in each of the eleven OU-II NAPL recovery wells to be 

installed as part of this remedial action alternative. These systems were 

described in Section 6.6 and a layout of the system is presented on Figure 

7-9. The final location of the air injection wells, vacuum enhanced NAPL 

recovery wells and the use of the existing monitoring wells for vacuum 

enhanced NAPL recovery would be determined during final design. A 
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process flow chart, including the central oil/water separator and ground 

water treatment plant, is shown on Figure 7-10. 

A vacuum line would be used to connect each vacuum enhanced NAPL 

recovery well to a vacuum pump, knockout pot and vapor control unit. 

Three separate vacuum pump, knockout pot and vapor control units 

would be used to recover NAPL, ground water and vapors from vacuum 

enhanced NAPL recovery wells in the following areas: OU-II NAPL Areas 

LI and L2; OU-II NAPL Area L3; and U-II NAPL Area L4. The knockout 

pots would remove air from the extracted NAPL, ground water and vapor 

mixture. Vapor controls would be used to address air emission 

requirements. Three separate enclosures would be constructed near each 

of the three groups of OU-II NAPL areas, as shown on Figure 7-9. The 

vacuum pump, knockout pot and vapor control units would be installed 

in this enclosure. 

After the vapor control unit has removed the vapors from the NAPL, 

ground water and vapor mixture pumped from each well, the resulting 

NAPL and ground water mixture would then be pumped to a central 

oil/water separator and ground water treatment unit. Section 7.6.1.6 (Task 

6) discusses the treatment of the vapors removed from each well, the 

separation of NAPL and ground water, and the treatment of the ground 

water discharged from the oil/water separator. The on-site temporary 

storage and the subsequent off-site disposal of the NAPL that would be 

removed from the oil/water separator is discussed in Section 7.6.1.10 

(Task 10). 

Changes in the elevation of the water table could affect the operation of a 

vacuum enhanced NAPL recovery system. As shown on Figure 6-1 A, the 

open end of the vacuum line should be coincident with the NAPL layer. If 

the water table rises to a level above the opening and the elevation of the 

open end of the vacuum line is not adjusted, the NAPL layer would rise 
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and the vacuum line would begin to withdraw ground water instead of 

NAPL. Vacuum enhanced NAPL removal systems can adjust to normal 

fluctuations in water table elevations so that the amount of ground water 

extracted by the system is minimized. However, a significant amount of 

ground water could inadvertently be extracted by the vacuum enhanced 

NAPL removal system if changes in the surface water elevation of the 

Hudson River, which is influenced by the tides in this area, causes rapid 

changes in the elevation of the ground water table in the OU-II area. 

The changes in the elevation of the surface water elevation in the Hudson 

River and the effect these changes could have on ground water elevations 

in the OU-II Site area were measured during the OU-I remedial 

investigation performed in 1989. As shown on Table 3-27 of the OU-I 

Remedial Investigation Report (Hart; 1989), the changes in the elevation of 

the shallow aquifer water table as measured in the ground water 

monitoring wells located around the former lagoon area, referred to in 

this document as the OU-II Site, were relatively small and varied from 

approximately 0.04 feet (0.48 inches) to 0.14 feet (1.68 inches) over an 8 

hour period. The elevation of the Hudson River surface water, as 

measured at the Haverstraw River gaging station, changed by 

approximately 4.8 feet during the same time period (i.e., September 28, 

1989). 

Of the six shallow monitoring wells tested for tidal influence during the 

OU-I RI, three of these wells are located within the four OU-II NAPL 

Areas. They are: monitoring well WB-6, located in NAPL Area LI; 

monitoring well WB-4, located in NAPL Area L2; and monitoring well 

WB-7, located in NAPL Area L4. As shown below, the tidal influences 

observed in the three wells monitored in OU-II NAPL Areas LI, L2 and L4 

were minor and are unlikely to affect the operation of vacuum enhanced 

NAPL recovery systems in this area. The changes in the elevation of the 

water table over this period due to tidal fluctuations for the three OU-II 
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NAPL areas that were monitored during the OU-I remedial investigation 

are listed below. 

LOCATION WELL NO. OU-ll WETTER TABLE CHANGES 

(TIDAL FLUCTUATION) 

NAPL Area LI WB-6 0.05 feet (0.6 inches) 
NAPL Area L2 WB-4 0.04 feet (0.48 inches) 
NAPL Area L4 WB-7 0.14 feet (1.68 inches) 

Since the time this tidal evaluation was completed, a remedial action has 

been conducted at the former wastewater equalization lagoon. This 

remedial action entailed the installation of sheeting around the perimeter 

of the former lagoon, excavation of the sludge in the lagoon, placement of 

uncontaminated soil in the excavated lagoon area and the installation of a 

low permeability cover over the remediated lagoon area. These remedial 

actions may have altered the minor effect of tidal fluctuations on water 

table elevations around the former lagoon area, i.e., the OU-II Site. 

Based on the 1989 OU-I remedial investigation information regarding 

tidal fluctuations in the four OU-II NAPL Areas (i.e., one well tested in 

three of the four NAPL Areas), it is possible that tidal fluctuations have 

changed since the implementation of the remedial actions in this area. 

Because of the importance tidal fluctuations will have on the design of the 

vacuum enhanced NAPL removal systems, the pre-design test for 

Alternative V will include the evaluation of the effects, if any, of tidal 

fluctuations on water table elevations in the four OU-II NAPL Areas. The 

primary purpose of this work would be to confirm the conclusions 

developed during the OU-I remedial investigation, that is, that tidal 

fluctuations in Hudson River surface water has little, if any, effect on 

water table elevations in the OU-II Site area shallow aquifer. Additional 

discussion regarding this pre-design work is provided in Section 7.6.1.11. 
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Overall, the conceptual design of the vacuum enhanced NAPL recovery 

system that would be installed if this alternative were implemented 

consists of the installation of the following equipment: 

sheeting along the western boundary of OU-II NAPL Area LI, 
coincident with the Harmon Yard property boundary in this area; 

eleven (11) vacuum enhanced NAPL recovery wells (4 inch diameter, 
25 feet deep, screened at the water table); 

thirty-two (32) air injection wells (4 inch diameter, 25 feet deep, 
screened at the water table); 

vacuum lines installed in each vacuum enhanced NAPL recovery well 
and connected to one of the three vacuum pump, knockout pot and 
vapor control units described below; 

three (3) individual vacuum pump, knockout pot and vapor control 
units, with enclosures, which would be used to recover NAPL, ground 
water and vapors from vacuum enhanced NAPL recovery wells in the 
following areas: OU-II NAPL Areas LI and L2; OU-II NAPL Area L3; 
and U-II NAPL Area L4; 

a central oil/ water separator and ground water treatment plant; 

one above ground NAPL storage tank to be used to collect the OU-II 
NAPL that would accumulate in the oil/water separator; 

double wall piping to be used to convey the NAPL and ground water 
mixture from each of the three vacuum pump and knockout pot units 
to the central oil/water separator and ground water treatment plant; 
and 

electrical and system control conduits and utility lines and control 
panels. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 
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The specific components and construction methods considered in this 

alternative for use in each of the four OU-II NAPL areas are described 

below. 

OU-II NAPL Area LI 

As shown on Figure 5-1, OU-II NAPL Area LI covers approximately 

11,900 square feet and, as discussed in Section 5.2.1.1, contains 

approximately 26,700 gallons of OU-II NAPL. As shown on Figure 7-10, 

the NAPL removal approach to be used in this remedial action alternative 

for OU-II NAPL Area LI would consist of installation of 8 air injection 

wells and 3 vacuum enhanced OU-II NAPL recovery wells located within 

this NAPL Area. As discussed in Section 5.2.1.1, the northwest boundary 

of OU-II NAPL Area LI is also the approximate location of the Harmon 

Yard property boundary in this area. None of the off-site monitoring wells 

located adjacent to this area contained OU-II NAPL and the soil 

compaction used to construct the adjacent perimeter road is believed to 

provide a barrier to off-site migration of this OU-II NAPL. In response, 

this remedial action alternative would include the installation of sheeting 

along a 240 foot length of the OU-II NAPL Area LI boundary that is 

coincident with the Harmon Yard property boundary. 

This sheeting, as shown in Figure 7-9, would be installed to prevent the 

potential for future off-site NAPL migration from this OU-II NAPL Area. 

As previously discussed, the sheeting will extend to approximately 2 feet 

below the minimum NAPL level observed in this section of NAPL Area 

LI. That is, the sheeting would be installed to a depth of approximately 16 

feet below grade. 

The vacuum enhanced OU-II NAPL recovery wells proposed for this area 

would be located in sections of OU-II NAPL Area LI where OU-II NAPL 

has been observed or is believed to be present. As shown on Figure 5-1, 
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there are a number of areas shown within the 0.0 foot NAPL contour line 

where OU-II NAPL is presumed to be present simply because OU-II 

NAPL was observed in the closest adjacent well at least once during the 

OU-II remedial investigation. In reality, all or at least a part of these 

sections may not, in fact, actually contain any recoverable OU-II NAPL, 

defined as a NAPL thickness greater than 0.25 feet. Nevertheless, OU-II 

NAPL recovery wells have been located in this area to cover any 

downgradient areas at the property boundary that could recover OU-II 

NAPL from this area. 

As shown on Figure 7-9, one vacuum pump would serve both OU-II 

NAPL Areas LI and L2. For cost estimation purposes, a 50 cubic feet per 

minute (cfm) per well extraction rate was assumed for each of the vacuum 

enhanced OU-II NAPL recovery wells located in the NAPL Areas. The 

actual extraction rate required would be determined during the pilot test 

(see Section 7.7.1.11 for additional information regarding this pilot test). 

Based on this assumed extraction rate (i.e., 50 cfm per well per well), the 

total air flow rate from the 4 vacuum enhanced NAPL recovery wells to be 

installed in OU-II NAPL Areas LI and L2 (i.e., 3 recovery wells in NAPL 

Area LI and 1 recovery well in NAPL Area L2) would be 200 cfm. 

Vacuum lines would be installed within each well and connected to the 

central vacuum pump. The vacuum pump would recover NAPL, ground 

water and vapor from the NAPL recovery wells. A knockout pot installed 

on the inlet side of the vacuum pump would remove air from the 

recovered mixture. The recovered air stream would then vent through a 

vapor phase carbon unit which would discharge to the outdoor air. The 

pump on the knockout pot would then transfer the recovered NAPL and 

ground water mixture to a central oil/water separator and ground water 

treatment plant that would be installed specially to handle the ground 

water from the oil/water separator. In addition, the liquids that 

ERM-NORTHEAST 7 - 1 9 1 F:\DATA\PROJECTS\MNCROUII\FS TEXT\SECT 7.DOC 

file://F:/DATA/PROJECTS/MNCROUII/FS


accumulate in the knockout pot would periodically be pumped to the 

central oil/water separator and ground water treatment system. 

Additional discussion regarding the treatment of recovered vapors and 

ground water is provided in Section 7.6.1.6. Temporary on-site storage of 

accumulated NAPL and the subsequent disposal of this materiel is 

discussed in Section 7.6.1.10. The pump, knockout pot and the vapor 

controls would be housed in an enclosure that could be located within the 

boundaries of the OU-II Site, as shown on Figure 7-9. Fluids recovered 

from the recovery wells would be transported from the vacuum pump 

and knockout pot in this area to the central oil/water separator and 

ground water treatment plant through double wall piping. 

To summarize, the components of the vacuum enhanced NAPL recovery 

system to be installed in OU-II NAPL Area LI are as follows: 

approximately 240 linear feet of sheeting installed approximately 16 
feet below grade (i.e., approximately 2 feet below the lowest level that 
NAPL has been observed in this OU-II NAPL area) along the western 
boundary of OU-II NAPL Area LI, coincident with the Harmon Yard 
property boundary; 

eight (8) air injection wells (4 inch diameter, 25 feet deep, screened at 
the water table); 

three (3) vacuum enhanced NAPL recovery wells (4 inch diameter, 25 
feet deep, screened at the water table); 

one 200 cfm vacuum pump, a knockout pot and a vapor control unit; 

an enclosure for the vacuum pump, knockout pot and vapor control 
unit; 

vacuum lines and double wall piping connecting the three vacuum 
enhanced NAPL recovery wells in this area to the vacuum pump, 
knockout pot and vapor control unit listed above; 

double wall piping to convey the NAPL and ground water mixture 
from the discharge of the knockout pot in OU-II NAPL Area LI to the 
central oil/water separator and ground water treatment plant; 
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electrical and system control conduits and utility lines; and 

a control panel to monitor and operate the vacuum enhanced NAPL 
recovery system in this area. 

In addition, the OU-II ground water monitoring well discussed in Section 

7.1.2 would be installed along the fence line within this OU-II NAPL Area, 

as shown on Figure 7-9. As discussed in Section 5.2.1.4, all OU-II NAPL 

recovery system components would be designed and constructed in 

accordance with New York State RCRA hazardous waste and TSCA PCB 

waste regulations for the storage of RCRA and TSCA regulated waste. 

OU-II NAPL Area L2 

As shown on Figure 5-2, OU-II NAPL Area L2 covers approximately 1,100 

square feet and, as discussed in Section 5.2.1.1, only contains 

approximately 2,500 gallons of OU-II NAPL. None of the OU-II NAPL 

monitoring wells in this area contained greater than 1.0 foot of NAPL. As 

a result, Figure 7-9 shows that only one vacuum enhanced NAPL recovery 

well (4 inch diameter, 25 feet deep, screened at the water table) and three 

air injection wells would be needed for this area. As shown on Figure 7-9, 

this NAPL Area would be served by the vacuum pump, knockout pot and 

vapor control unit that would be installed for OU-II NAPL Area LI. 

Consequently, the NAPL, ground water and vapor mixture collected from 

this well would be transported to the OU-II NAPL Area LI vacuum 

pump, knockout pot and vapor control unit. Vapors would then be 

removed from this mixture by the knockout pot and passed through 

vapor controls to the atmosphere. The resulting NAPL and ground water 

mixture from OU-II NAPL Areas LI and L2 would then be transferred 

through double wall piping to the central oil/water separator and ground 

water treatment plant. Additional discussion regarding the treatment of 

recovered vapors and ground water is provided in Section 7.6.1.6. 
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Temporary storage of accumulated NAPL and the subsequent off-site 

disposal of this material is discussed in Section 7.6.1.10. 

The majority of the vacuum enhanced NAPL recovery equipment needed 

for NAPL Area L2 would be installed near NAPL Area LI. To summarize, 

the only components of the vacuum enhanced NAPL recovery system for 

OU-II NAPL Area L2, not including the vacuum pump and knockout pot 

equipment to be installed for OU-II NAPL Area LI which is to be used for. 

this area, are as follows: 

three (3) air injection wells (4 inch diameter, 25 feet deep, screened at 
the water table); 

one (1) vacuum enhanced NAPL recovery well (4 inch diameter, 25 
feet deep, screened at the water table); 

vacuum lines and double wall piping connecting the one vacuum 
enhanced NAPL recovery well to be installed in OU-II NAPL Area L2 
to the vacuum pump, knockout pot and vapor control unit to be 
located near OU-II NAPL Area LI; 

electrical and system control conduits and utility lines; and 

a control panel to monitor and operate the vacuum enhanced NAPL 
recovery system in this area. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

OU-II NAPL Area L3 

As shown on Figure 5-3, OU-II NAPL Area L3 covers approximately 2,200 

square feet and, as discussed in Section 5.2.1.1, only contains 

approximately 4,900 gallons of OU-II NAPL. Only three of the OU-II 

NAPL monitoring wells in this area contained greater than 1.0 foot of 
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NAPL. The maximum NAPL thickness recorded during all monitoring 

rounds was 1.3 feet in well WB2-3A1. As a result, Figure 7-9 shows that 

three air injection wells and one vacuum enhanced NAPL recovery well (4 

inch diameter, 25 feet deep, screened at the water table) would be needed 

for this area. 

As shown on Figure 7-9, vacuum lines from the vacuum enhanced NAPL 

recovery well to be installed in the center of this area would be connected 

to a vacuum pump, knockout pot and vapor control unit to be located 

immediately adjacent to this NAPL Area. For cost estimation purposes, a 

50 cfm per well extraction rate was assumed for the vacuum enhanced 

NAPL recovery well to be located in this OU-II NAPL Area. The actual 

extraction rate required would be determined during the pilot test (see 

Section 7.7.1.11 for additional information regarding this pilot test). Based 

on this assumed recovery rate (i.e., 50 cfm), the total air flow rate for OU-II 

NAPL Area L3 would be 50 cfm. 

Vacuum lines would be installed within the NAPL recovery well and 

connected to the vacuum pump. The vacuum pump would recover 

NAPL, ground water and vapors from this vacuum enhanced NAPL 

recovery well. Vapors would then be removed from this mixture by the 

knockout pot and passed through the vapor control unit to the 

atmosphere. The pump on the knockout pot would then transfer the 

recovered NAPL and ground water mixture through double wall piping 

to the central oil/water separator and ground water treatment plant. The 

pump, knockout pot and vapor controls that would be installed to service 

OU-II NAPL Area L3 would be housed in an enclosure located within the 

boundary of the OU-II Site, as shown on Figure 7-9. In addition, the 

liquids that would accumulate in the knockout pot would periodically be 

pumped to the central oil/water separator and ground water treatment 

system. Additional discussion regarding the treatment of recovered 

vapors and ground water is provided in Section 7.6.1.6. Temporary 
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storage of accumulated NAPL and the subsequent off-site disposal of this 

material is discussed in Section 7.6.1.10. 

To summarize, the components of the vacuum enhanced NAPL recovery 

system that would be installed in OU-II NAPL Area L3 are as follows: 

three (3) air injection wells (4 inch diameter, 25 feet deep, screened at 
the water table); 

one (1) vacuum enhanced NAPL recovery well (4 inch diameter, 25 
feet deep, screened at the water table); 

one 50 cfm vacuum pump, a knockout pot and a vapor control unit; 

an enclosure for the vacuum pump, knockout pot and vapor control 
unit to be installed in this area; 

vacuum lines and double wall piping to connect the one vacuum 
enhanced NAPL recovery well to be installed in this OU-II NAPL area 
to the vacuum pump, knockout pot and vapor control unit listed 
above; 

double wall piping to convey the NAPL and ground water mixture 
from the discharge of the knockout pot in this OU-II NAPL area to the 
central oil/water separator and ground water treatment plant; 

electrical and system control conduits and utility lines; and 

a control panel to monitor and operate the vacuum enhanced NAPL 
recovery system in this area. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

OU-II NAPL Area L4 

As shown on Figure 5-4, OU-II NAPL Area L4 covers approximately 

26,400 square feet and, as discussed in Section 5.2.1.1, is believed to 
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contain approximately 118,500 gallons of OU-II NAPL. As shown on 

Figure 7-9, this OU-II NAPL Area is located on the southern, primarily 

upgradient side of the OU-II Site, including the former lagoon area. As 

discussed in Section 5.2, ground water probably flowed in a radial pattern 

emanating from the center of the lagoon area during the early stages of 

operation of the lagoon as a wastewater equalization basin. The sludge 

that formed on the bottom of the lagoon formed a relatively impermeable 

liner after the lagoon was in operation for some time, eventually 

diminishing the effects of this radial flow pattern. The closure of the 

lagoon in 1996, including the installation of low permeable sheeting 

around the former lagoon area, as shown on Figure 5-4, and an 

impermeable cap over the remediated lagoon has eliminated this radial 

ground water flow pattern in this area. As discussed in Section 3.4.1 and 

Section 5.2, the current direction of shallow aquifer ground water flow in 

the OU-II area is to the northwest, toward the Hudson River. 

OU-II NAPL Area L4 is the most extensive of the four OU-II NAPL areas 

around the former lagoon and represents almost 80 percent of the OU-II 

NAPL that is believed to be present in the area around the former lagoon. 

Similarly, the surface area encompassed by the NAPL in OU-II NAPL 

Area L4 represents approximately 65 percent of the total surface area 

encompassed by all OU-II NAPL. Refer to Section 5.2.1.1 for additional 

information on OU-II NAPL quantity and surface area. In response, the 

majority of the NAPL remedial systems considered in this alternative for 

OU-II NAPL are to be located in OU-II NAPL Area L4. As shown on 

Figure 7-9,17 air injection wells and six vacuum enhanced NAPL recovery 

wells are proposed for this area. This represents over half of the eleven 

OU-II NAPL recovery wells considered in this remedial action alternative 

for use in removing OU-II NAPL. 

As shown on Figure 5-4 and as discussed in Section 5.2.1.1, OU-II NAPL 

Area L4 is primarily located on-site although NAPL has been observed in 
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some wells located immediately adjacent to and south of the Harmon 

Yard property line. However, no NAPL has been observed in monitoring 

wells located approximately 20 to 30 feet south of the few off-site OU-II 

NAPL Area L4 monitoring wells that did contain NAPL. The southern 

limit of OU-II NAPL Area L4 extends slightly onto Westchester County 

property and is bounded by the off-site roadway. As discussed above, this 

off-site OU-II NAPL appears to be a remnant of ground water flow 

patterns in the former lagoon area. As shown in Figure 2-8, current 

ground water flow in this OU-II NAPL Area is towards the former lagoon 

from the Westchester County property. Furthermore, it appears that the 

off-site roadway, which was constructed by compacting existing soils, has 

created a subsurface barrier. Since NAPL generally flows with ground 

water and the off-site roadway appears to have formed a subsurface 

barrier wall, it is unlikely that additional off-site migration of NAPL from 

OU-II NAPL Area L4 will occur in the future. 

OU-II NAPL will also be prevented from migrating north, i.e., toward the 

former lagoon area, by the presence of the low permeability sheeting 

surrounding the former lagoon area that was installed and left in place as 

part of the OU-I remedy. Due to the existing ground water flow direction 

and the presence of the OU-I remedy sheeting, it is very unlikely that 

there will be any noticeable change in the location of NAPL in OU-II 

NAPL Area L4 for the foreseeable future. The only potential migration 

pathway for this NAPL is east, around the OU-I sheeting and toward the 

OU-II portion of Harmon Yard, as shown on Figure 7-9. 

As shown in Figure 7-9, one vacuum pump, knockout pot and vapor 

control unit would serve the six vacuum enhanced NAPL recovery wells 

located in this OU-II NAPL Area. For cost estimation purposes, a 50 cfm 

per well extraction rate was assumed for each of the vacuum enhanced 

NAPL recovery wells that would be located in the OU-II NAPL areas. The 

actual extraction rate required would be determined during the pilot test 
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(see Section 7.7.1.11 for additional information on this pilot test). Based on 

this assumed recovery rate (i.e., 50 cfm), the total air flow rate from the 6 

vacuum enhanced recovery wells to be installed in OU-II NAPL Area L4 

would be 300 cfm. 

Vacuum lines would be installed within each well and connected to the 

vacuum pump. The vacuum pump would recover NAPL, ground water 

and vapors from the NAPL recovery wells. A knockout pot installed on 

the inlet side of the vacuum pump would remove air from the recovered 

mixture. The recovered air stream would then vent through a vapor 

phase carbon unit which would discharge to the outdoor air. The pump 

on the knockout pot would then transfer the recovered NAPL and ground 

water mixture to the central oil/ water separator and ground water-

treatment plant. In addition, the liquids that would accumulate in the 

knockout pot would periodically be pumped to the central oil/water 

separator and ground water treatment system. Additional discussion 

regarding the treatment of recovered vapors and ground water is 

provided in Section 7.6.1.6. Temporary storage of accumulated NAPL and 

the subsequent off-site disposal of this material is discussed in Section 

7.6.1.10. 

The pump, knockout pot and vapor controls that would be installed to 

service OU-II NAPL Area L4 would be housed in an enclosure located 

within the boundary of the OU-II Site, as shown on Figure 7-9. Fluids 

recovered from the recovery wells would be transported from the vacuum 

pump and knockout pot in this area to the central oil/water separator and 

ground water treatment plant through double wall piping. 

To summarize, the components of the vacuum enhanced NAPL recovery 

system to be installed in OU-II NAPL Area L4 are as follows: 
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seventeen (17) air injection wells (4 inch diameter, 25 feet deep, 
screened at the water table); 

six (6) vacuum enhanced NAPL recovery wells (4 inch diameter, 25 
feet deep, screened at the water table); 

one 300 cfm vacuum pump, a knockout pot and a vapor control unit; 

an enclosure for the vacuum pump, knockout pot and vapor control 
unit listed above; 

vacuum lines and double wall piping connecting the six vacuum 
enhanced NAPL recovery wells to be installed in this area to the 
vacuum pump, knockout pot and vapor control unit listed above; 

double wall piping to convey the NAPL and ground water mixture 
from the discharge of the knockout pot in this OU-II NAPL area to the 
central oil/water separator and ground water treatment plant; 

electrical and system control conduits and utility lines; and 

a control panel to monitor and operate the vacuum enhanced NAPL 
recovery system in this area. 

As discussed in Section 5.2.1.4, all OU-II NAPL recovery system 

components would be designed and constructed in accordance with New 

York State RCRA hazardous waste and TSCA PCB waste regulations for 

the storage of RCRA and TSCA regulated waste. 

Task No. 6: Installation of Fluids Treatment Systems 

Under this alternative, NAPL, ground water and air would be removed 

from each of the 11 vacuum enhanced NAPL recoverv wells installed 

throughout the four OU-II NAPL Areas. As discussed in Section 7.6.1.5, 

knockout pots, located adjacent to the vacuum pumps, would remove air 

from the NAPL and ground water mixture. The recovered air stream 

would then vent through vapor phase activated carbon units which would 

discharge to the atmosphere. Based on the installation of three vacuum 

pumps to serve the four NAPL Areas, three vapor control units would be 
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required under this alternative. These units would be installed adjacent to 

the vacuum pumps and knockout pots to be installed within the three 

enclosures that would be constructed for this purpose. 

To determine the air treatment requirements for the vacuum enhanced 

NAPL recovery systems and whether vapor phase carbon would be a 

reasonable control technology, vapor concentrations from the system were 

estimated. Based on the conservative assumption that 1 % of the NAPL 

recovered would be comprised of volatile compounds and the carbon 

would have a 15% loading capacity, approximately 24 pounds of carbon, 

in total, would be consumed daily. This is a conservative assumption 

since the OU-II NAPL is a degraded diesel fuel that is over 20 years old. 

As a result, it is likely that there are no measurable quantities of volatile 

organic compounds (VCXI) remaining in this material. The only VOCs that 

are typically found in virgin fuel (i.e., fuel oil that has not degraded) are 

toluene, ethylbenzene and xylene, which are amenable to treatment by 

activated carbon. Based on the low projected VOC vapor concentrations, 

the type of organic constituents that might be present in the vapor phase 

and the small carbon usage rate, vapor phase activated carbon was 

conceptually selected as the vapor phase treatment technology. The 

chemical composition of the extracted air stream and its treatment 

requirements would be determined during the pilot study. 

PCBs that have been detected in OU-II NAPL are not volatile and, 

therefore, would not be present in the vapor phase air stream removed by 

the knockout pot. Although unlikely, PCBs that might be present in the 

vapor phase would be removed by the activated carbon vapor phase 

treatment units. PCBs would not be expected to accumulate on the spent 

activated carbon and disposal of the spent carbon as a TSCA regulated 

waste would not be required. Spent activated carbon is tested prior to 

disposal. This testing would confirm that spent activated carbon is not a 

TSCA regulated waste. 
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The vapor phase controls would be sized to handle the air extraction rates 

from the NAPL Areas. For cost estimation purposes, it has been assumed 

that 2,000 pound activated carbon vessels would be installed adjacent to 

the vacuum pumps in NAPL Area LI, NAPL Area L3 and NAPL Area L4. 

The actual activated carbon usage rate and vessel size would be 

determined during the pilot study. See Section 7.6.1.11 for additional 

information regarding this pilot study. 

During vacuum enhanced NAPL recovery, small amounts of water may 

be extracted from the well along with the NAPL. As discussed in Section 

6.6, one of the key advantages of vacuum enhanced NAPL removal is that 

it can be operated to maximize the amount of air drawn through the 

unsaturated soil zone above the NAPL layer and to simultaneously 

minimize the amount of ground water removed from the well. During the 

pilot study, methods to optimize this advantage would be evaluated. 

As discussed above, the extracted NAPL and ground water mixture from 

the vacuum enhanced NAPL recovery wells would be discharged from 

the individual NAPL area knockout pots to a central oil/water separator 

and ground water treatment system. Although the analysis presented in 

Sections 6.6.2 and 7.6.1.5 to determine the amount of liquid phase NAPL 

that this alternative would remove used a more conservative NAPL 

removal rate of 3.0 gallons of NAPL per day per well, a higher NAPL 

removal rate of 5.0 gallons of NAPL per day per well was used to 

determine the amount of ground water that would need to be treated. 

This would increase the estimate of the amount of ground water to be 

treated and would provide additional capacity in the treatment system to 

deal with changes in ground water pumping rates that may occur, if any. 

The amount of ground water that is expected to be recovered and that 

would need to be treated was also conservatively estimated based on 

vendor experience at similar sites. This information indicates that the 
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mixture of NAPL and ground water recovered by vacuum enhanced 

NAPL removal is typically comprised of 90% ground water and 10% 

NAPL. Thus, the volume of ground water recovered would be nine times 

the volume of NAPL recovered. Since, as discussed in Section 6.6.2 and 

Section 7.6.1.5, the 11 vacuum enhanced NAPL recovery wells would 

remove a cumulative total of 55 gpd of NAPL (i.e., 11 wells x 5 gpd of 

NAPL per well), the amount of ground water to be recovered was 

estimated to be 495 gpd, or 0.34 gallon per minute (i.e., 55 gpd x 9). The 

total NAPL and ground water flow rate would be approximately 550 gpd 

(i.e., 495 gpd of ground water plus 55 gpd of NAPL) or 0.38 gpm. The 

actual NAPL and ground water flow rates, as well as the final well 

locations, would be determined during the pre-design pilot test and 

subsequent final design. Additional information regarding the scope of 

the pre-design pilot test is provided in Section 7.6.1.11. 

As discussed in Section 6.6.3, ground water extracted during vacuum 

enhanced NAPL removal cannot be discharged to the existing wastewater 

treatment facility at Harmon Yard or to the Ossining wastewater 

treatment plant for treatment. The Harmon Yard wastewater treatment 

facility may not be able to reduce the concentrations of the metals in 

ground water extracted during vacuum enhanced NAPL removal to 

acceptable levels. The Ossining wastewater treatment plant is the closest 

publicly owned wastewater treatment facility. This plant does not accept 

ground water because it dilutes incoming wastewater, which interferes 

with the biological treatment processes at the plant. Because ground 

water cannot be discharged to either of these existing available treatment 

facilities, a central ground water treatment facility would have to be 

constructed under this alternative. As shown in Figure 7-9, this facility 

could be located to the west of existing wastewater treatment facility at 

Harmon Yard. Because the projected flow rate of the system is relatively 

low (i.e., less than 0.4 gpm), the recharge of treated ground water to the 

shallow aquifer at Harmon Yard would be feasible. This would eliminate 
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the potential impacts to surface water quality that a direct discharge of 

treated ground water to Croton Bay or to the Hudson River would pose. 

As a result, this alternative assumes that ground water removed during 

vacuum enhanced NAPL recovery would be treated on-site and recharged 

to the shallow aquifer at Harmon Yard. 

To determine the treatment requirements for the extracted ground water, 

the projected influent concentrations to the ground water treatment plant, 

which were assumed to be equal to the maximum OU-II ground water 

concentrations, were compared to NYSDEC ground water standards. 

According to this comparison, which is provided in Table 7-5, ground 

water extracted under this alternative would require treatment for organic 

compounds and inorganic constituents. The percent removal required for 

organic compounds would range from 38% to 92% and the percent 

removal required for inorganic constituents would range from 21% to 

over 99.9%. 

It should be noted that simultaneous removal of NAPL, air and some 

ground water within the same vacuum line is expected to result in 

increased solubilization of some of the organics present in the NAPL. 

Consequently, the influent ground water concentrations of organics may 

in fact be higher than the maximum observed OU-II ground water 

concentrations. For conceptual design purposes, it was therefore 

conservatively assumed that the total influent ground water concentration 

of organic compounds would be 100 milligrams per liter (mg/1). In 

contrast, the total concentration of organics observed during the Remedial 

Investigation in OU-II in ground water was approximately 1 mg/1. 

As discussed above, it has been estimated that the 11 well vacuum 

enhanced NAPL recovery system proposed under this alternative for the 

OU-II Site would remove approximately 0.38 gpm of NAPL and water. 

However, to allow flexibility in system operation, a design flow rate of 1.0 
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gpm has been assumed to size and cost the ground water treatment 

equipment. The actual projected flow rate of 0.38 gpm was used to 

estimate operation and maintenance (O&M) costs for this alternative, 

which are discussed in Section 7.6.2.7. 

Based on the low projected influent concentrations of organic compounds 

and the physical characteristics of these compounds (i.e., low volatility 

and high molecular weight), liquid phase carbon adsorption, a simple, 

reliable technology, was used in this analysis for removal of organic 

compounds from extracted ground water. In contrast, based on the 

projected influent concentrations of inorganic constituents, a significantly 

more complex treatment system would be required to meet the ground 

water standards for arsenic, barium, beryllium, chromium, copper, iron, 

lead, manganese, and zinc. 

Based on the OU-II ground water concentrations of iron and manganese 

and their stringent ground water standards, a very high percent removals 

(i.e., 98% for iron and 99.9% for manganese) would be required for these 

two inorganic constituents. Iron and manganese are both naturally 

occurring inorganic constituents that are very difficult to remove. The 

risk evaluation provided in Section 4.4 for OU-II ground water 

demonstrated that the concentrations of inorganic constituents in ground 

water do not pose an unacceptable risk to human health and the 

environment. The removal requirements for iron and manganese are 

stringent and the current concentrations of these inorganic constituents do 

not currently pose an unacceptable risk to human health or the 

environment. 

In addition, since the treatment would remove most of the iron and 

manganese present in extracted ground water, the amount of iron and 

manganese in treated ground water that would be recharged to this 

aquifer would be less than the amount of iron and manganese that the 
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vacuum enhanced NAPL removal system would initially extract from the 

shallow aquifer. In conclusion, the treatment system may not need to 

reduce the iron and manganese concentrations in treated ground water to 

NYSDEC ground water standards because: 

iron and manganese in OU-II ground water is naturally occurring and 
are not constituents of OU-II NAPL; 

the presence of iron and manganese in OU-II ground water does not 
pose unacceptable risks to human health or the environment, as 
discussed in Section 4.4; and 

the operation of the treatment and recharge system would ultimately 
reduce the concentrations of iron and manganese in OU-II ground 
water. 

As discussed above, the amount of NAPL and ground water removed 

using the vacuum enhanced NAPL recovery system will be very low (i.e., 

approximately 0.38 gpm). Due to the low flow rate of this system, use of a 

membrane technology, such as ultrafiltration, coupled with an ion 

exchange column to remove inorganic constituents from ground water 

extracted by the vacuum enhanced NAPL removal system, would be 

feasible for this alternative. Both of these technologies are prohibitively 

expensive for high flow rate applications, but can be more cost effective 

and efficient than conventional metals removal precipitation systems for 

low flow scenarios. With the proper selection of membrane pore size 

(ultrafiltration) and resin media (ion exchange), the treatment system can 

meet the stringent effluent requirements for inorganic constituents that 

may be required for ground water recharge using a series of treatment 

operations. 

The series of treatment operations to remove organic compounds and 

inorganic constituents from ground extracted by the Alternative V 

vacuum enhanced NAPL removal system is presented in Figure 7-10. The 
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ground water treatment operations proposed for Alternative V are listed 

below, from influent wastewater to discharge: 

an oil/ water separator with solids settling; 
metals removal using ultrafiltration; 
removal of organic compounds using carbon adsorption; 
additional metals removal (i.e., polishing) using ion exchange; and 
the recharge of treated ground water to the shallow aquifer at Harmon 
Yard. 

As discussed in Section 7.6.1.5, the NAPL and ground water mixture from 

the knockout pots to be located in NAPL Areas LI, L3 and L4 would be 

conveyed to the ground water treatment plant. The first step of the 

treatment system would be oil/water separation coupled with solids 

settling. This process would remove the NAPL from the fluids stream and 

allow non-dissolved solids to settle out of solution and accumulate within 

the settling chamber. From the oil/water separator, the NAPL would 

overflow into a NAPL storage vessel. The NAPL would accumulate in 

this tank and ultimately be sent off-site for disposal. In addition, the 

accumulated solids in the settling chamber would be periodically collected 

and sent off-site for disposal. Addition discussion regarding disposal of 

these materials is provided in Section 7.6.1.10. Based on the estimated 

NAPL recovery rate of 10 gpd per well and the total of 11 wells proposed 

for this system throughout the OU-II Site, approximately 9,900 gallons of 

NAPL would be recovered every 90 days. A 5,000 gallon above ground 

NAPL storage tank would be installed at the OU-II Site. The NAPL that 

would be removed from the oil/water separator would accumulate in this 

tank. NAPL would be stored in this tank for less than the maximum 

RCRA hazardous waste storage period of 90 days prior to its removal and 

off-site disposal. 

As shown on Figure 7-10, the aqueous stream from the oil/water 

separator would then flow through an ultrafiltration system which would 

remove solids, precipitated metals and any remaining NAPL. The 
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ultrafiltration system would include a process tank, a high rate ultrafilter 

feed pump and an ultrafilter membrane. The pump would recirculate the 

aqueous stream though the ultrafilter membrane at a high velocity thus 

utilizing the shearing forces to prevent membrane fouling. Water free of 

solids and NAPL (i.e., the ultrafiltration permeate) would pass through 

the filter. Residual solids and any NAPL that has passed through the 

oil/water separator would be rejected by the filter. This reject stream 

would then be redirected back to the process tank. A side stream from the 

reject stream would also be directed back to the oil/water separator where 

additional solids and NAPL removal would take place. 

The ultrafiltration permeate would then pass through two activated 

carbon adsorption canisters installed in series to remove dissolved organic 

compounds. The effluent from the activated carbon canisters would then 

be directed to a series of ion exchange columns to remove dissolved 

metals. Following ion exchange, the treated ground water would be 

recharged into the shallow ground water aquifer at Harmon Yard through 

a series of dry wells. These dry wells could be installed in the vicinity of 

the central oil/water separator and ground water treatment plant, as 

shown on Figure 7-9. It was estimated that only one dry well would be 

needed to handle the approximately 500 gpd of treated ground water that 

would be discharged by the central ground water treatment plant. Dry 

wells used to recharge treated ground water to an aquifer need to be 

serviced periodically (e.g., for sediment removal). In addition, recharge 

can be optimized by periodically allowing a dry well to drain. In order to 

provide a sufficient amount of redundant recharge capacity, a total of 3 

dry wells were used to estimate the cost of this component of Alternative 

V. Costs for this alternative are discussed in Section 7.6.2.7. The dry wells 

would be 10 foot diameter ring units and would extend 15 feet below 

ground surface. 
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7.6.2.7 Task No. 7: Off-Site Disposal of Wastes Generated During Well 

Installation 

This section describes the probable disposal requirements for the wastes 

that would be generated by the construction of the vacuum enhanced 

NAPL removal components of this alternative. These waste disposal 

assumptions were based on information that is currently available that 

characterizes the waste streams that would be generated during 

implementation of this alternative and on the regulatory evaluation 

presented in Section 5.2.1.4. Figure 7-4 presents a typical cross-section 

showing the different types of wastes that would be generated during 

excavation activities conducted as part of this and the other alternatives 

evaluated in this feasibility study. The only wastes that would be produced 

during construction if this alternative were implemented are the drill 

cuttings that would be generated by the installation of the air injection and 

recovery wells needed for vacuum enhanced NAPL recovery. 

The assumptions used in the cost estimates presented in this feasibility 

study for each of the alternatives that involve excavation are presented in 

Table 7-3. Assumptions regarding waste disposal are presented here in 

order to estimate the cost to implement this alternative, as presented in 

Section 7.6.2.7, and to provide guidance on how this material would be 

handled for disposal purposes. However, if this alternative is selected and 

implemented, the actual disposal requirements for the waste material that 

would be generated during construction of the remedy would be based on 

the results of the analysis of samples of waste material collected prior to 

disposal. For example, if the mixture of OU-II NAPL and subsurface soil 

that would comprise the drill cuttings to be generated during the 

installation of the air injection and vacuum enhanced NAPL recovery wells 

contains PCBs in concentrations less than 2.0 mg/kg, the TSCA anti-dilution 

rule discussed in Section 5.2.1.4 would not apply and this material would 

not be subject to TSCA disposal requirements. Similarly, if this waste 
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material did not exhibit the characteristics of a RCR A hazardous waste, then 

the RCRA hazardous waste storage, transportation and disposal 

requirements for a RCRA characteristic hazardous waste would also not 

apply. 

To estimate the cost to dispose of the drill cuttings to be generated during 

the installation of the wells needed for this alternative, a typical rate of three 

55-gallon drums of drill cuttings for each well to be installed was used. A 

total of 44 wells are needed for this alternative (i.e., 32 air injection wells, 11 

vacuum enhanced NAPL recovery wells and 1 ground water monitoring 

well). As presented in the cost estimate for this alternative discussed in 

Section 7.6.2.7 and in Appendix J, it was estimated that a total of 54 tons of 

drill cuttings would be generated during construction of this alternative. 

A conservative assumption was used in estimating the cost of this 

alternative that drill cuttings generated during the installation of the air 

injection and recovery wells needed for this alternative would be 

classified as a RCRA characteristic hazardous waste and as a TSCA 

regulated waste. Refer to Figure 7-4 and Table 7-3. As discussed in Section 

5.2.1.4, analysis of OU-II NAPL collected during previous recovery efforts 

indicates that OU-II NAPL in all four areas would be classified as a RCRA 

characteristic hazardous waste and OU-II NAPL from OU-II NAPL Area 

L4 would be classified as a New York State listed hazardous waste (i.e., 

B003). Since the source of NAPL around the former lagoon is believed to be 

the former lagoon and the former lagoon materials contained PCB 

concentrations in excess of 50 ppm, NAPL around the former lagoon 

containing PCBs in concentrations greater than 2.0 m g / k g would be 

classified as a TSCA-regulated waste. Based on this information, it was 

conservatively assumed that drill cuttings generated during construction of 

this remedial action alternative would be classified as a TSCA waste. A 

sample would be collected from the drill cuttings and analyzed for PCBs 
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and for RCRA characteristics (i.e., toxicity, corrosivity, reactivity and 

ignitability). 

Although it has been conservatively assumed for cost estimating purposes 

that the drill cuttings would be disposed of as a TSCA and RCRA 

regulated waste, actual disposal requirements would depend on the 

results of the PCB and RCRA characteristic testing. For example, the anti

dilution rule would not apply and TSCA disposal would not be required if 

PCB concentrations in the drill cuttings were less than 2 mg/kg. Similarly, 

this waste would not be classified as a NYSDEC RCRA listed hazardous 

waste if PCB concentrations were less than 50 mg/kg and this material 

would not be classified as a NYSDEC RCRA characteristic hazardous 

waste if the material does not exceed RCRA regulatory limits for toxicity, 

corrosivity, reactivity or ignitability. 

Subsurface soil that contains OU-II NAPL would be subject to the TSCA 

disposal requirements defined in 40 CFR 760(a)(4). This section of TSCA 

states that non-liquid PCBs at concentrations of 50 m g / k g or greater in the 

form of contaminated soil, rags or other debris must be disposed of in a 

TSCA-approved chemical waste landfill. OU-II NAPL is primarily a diesel 

fuel mixed with soil. The well installations that would generate drill 

cuttings, some of which would include the subsurface soil where OU-II 

NAPL is located, would result in a mixture of OU-II NAPL and soil. This 

mixture would be primarily comprised of soil, combined with some 

amount of OU-II NAPL and ground water. 

Free standing liquids, if any, that may be generated by this OU-II NAPL 

and soil mixture would be removed and disposed of as a TSCA PCB 

liquid waste (i.e., incinerated). Liquids may also be present within the 

mixture, i.e., absorbed or retained onto soil particles. The presence of this 

occluded or absorbed liquid may not result in the formation of standing 

liquids but may cause the drill cuttings to fail the paint filter test for free 
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liquids. Non-biodegradable solidification agents, such as portland cement 

or cement kiln dust, would be used in this case to solidify the drill 

cuttings. 

USEPA policy (USEPA, 1989b) is that "soil, rags and other debris" 

containing TSCA-regulated concentrations of PCBs would be subject to 

the requirements of 40 CFR 760.60(a)(4) which would allow disposal of 

this material in a TSCA-approved chemical waste landfill. This policy 

states that the term soil should be given a plain meaning interpretation 

and that debris should be defined to include absorbent material 

contaminated through the cleanup of a spill. 

The TSCA disposal regulations related to subsurface soil around the 

former lagoon area which contains PCBs were addressed by the USEPA 

during the selection of the OU-I remedy. As discussed in Section 5.2.1.4, 

the USEPA considered PCBs in subsurface soil around the former lagoon 

area to have originated from the lagoon and thus subject to the TSCA 

treatment and disposal requirements unless PCB concentrations are below 

2 mg/kg. The USEPA's position on subsurface soil around the former 

lagoon area containing PCBs in concentrations greater than 2 mg/kg is 

that TSCA would require that this material be incinerated in a TSCA-

approved facility or disposed of in an off-site TSCA-approved chemical 

waste landfill. For cost estimation purposes, it was assumed that all of the 

drill cuttings that would be generated during the installation of the air 

injection and recovery wells needed for vacuum enhanced NAPL recovery 

would be disposed of in an off-site RCRA and TSCA approved landfill. 

7.6.1.8 Task No. 8: Site Restoration 

Site restoration activities would be conducted following installation of the 

vacuum enhanced NAPL recovery systems. Site restoration activities would 

consist of: replacement of fencing that would be removed from the Harmon 
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Yard property boundary in OU-II NAPL Area LI and regrading and 

seeding in all four OU-II NAPL areas, as needed. 

7.6.1.9 Task No. 9: Operation of the Vacuum Enhanced NAPL Recovery and 

Fluids Treatment Systems 

Once installed, the vacuum enhanced NAPL recovery systems would begin 

to recover ground water and OU-II NAPL from the OU-II NAPL recovery 

wells. Although it would take approximately 15 years to recover the NAPL, 

to the extent practicable, the majority of the NAPL that can be recovered 

within a relatively short time period using this approach (i.e., 

approximately 70% of the NAPL volume) would be removed within the 

first three years of operation. This analysis was presented in Section 6.6.2 for 

vacuum enhanced NAPL recovery. Based on the number of ground water 

depression NAPL recovery wells proposed for this alternative (i.e., 11) and 

the estimated total NAPL removal rate (i.e., 10 gpd/well), approximately 

107,100 gallons or 70% of the total NAPL volume of approximately 153,000 

gallons would be recovered in the first 3 years of operation. 

Recovered OU-II NAPL would be stored on-site in the above ground NAPL 

storage tank that would be located near the central oil/ water separator and 

ground water treatment plant area, as shown on Figure 7-9. NAPL would 

be stored in this tank for less than the maximum RCRA hazardous waste 

storage period of 90 days prior to off-site disposal. As such, the above 

ground NAPL storage tanks would be sized for a 90 day storage period. 

Testing and disposal of recovered OU-II NAPL is discussed in Section 

7.6.1.10. 

In addition to the operation of the vacuum enhanced NAPL recovery 

systems, this alternative would also include the operation of vapor phase 

air pollution controls and a central ground water treatment facility. Spent 

carbon from the vapor phase carbon units would be periodically removed 
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and sent off-site for disposal. Based on the low anticipated vapor 

concentrations and the large vapor phase activated carbon vessel size 

used in this analysis, it has been assumed that the spent vapor phase 

carbon would be replaced approximately two to three times per year. 

As discussed in Section 7.6.1.6, the ground water treatment facility would 

include: 

an oil/water separator with solids settling; 
metals removal using ultrafiltration; 
removal of organic compounds using carbon adsorption; 
additional metals removal (polishing) using ion exchange; and 
the recharge of treated ground water to the shallow aquifer at Harmon 
Yard. 

Chemicals may be added to the initial process tank following the 

oil/water separator to promote additional precipitation and removal of 

dissolved inorganic constituents (i.e., metals). Operators would be needed 

to operate and maintain the ground water treatment system, as wells as 

the vacuum enhanced NAPL recovery systems. 

Three types of waste materials would be generated during operation of 

the ground water treatment system: (1) sludge from metals removal; (2) 

spent ion exchange resin material; and (3) spent activated carbon. Disposal 

of waste material is discussed in Section 7.6.1.10. 

During system operation, sediment that accumulates at the bottom of the 

three ground water dry wells that are to be used to recharge treated 

ground water to the shallow aquifer at Harmon Yard would be 

periodically removed and replaced. The cost estimate discussed in Section 

7.6.2.7 assumed that accumulated sediment would be removed from the 

bottom of these dry wells once every four months. 
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10 Task No. 10: Off-Site Disposal of Recovered OU-II NAPL and Waste 

Materials Generated During Ground Water Treatment 

As discussed above, recovered OU-II NAPL would be stored in one, 5,000 

gallon above ground tank located in the ground water treatment facility 

area. NAPL would be stored in this tank for less than the 90 day RCRA 

hazardous waste storage period prior to its removal and off-site disposal. 

As discussed in Section 6.6.2, vacuum enhanced NAPL removal is expected 

to remove approximately 70% of the 153,000 gallons of OU-II NAPL present 

at the Site, or 107,000 gallons, over the three year operating period 

discussed in Section 7.6.1.9. This is an average removal rate, which 

considers rime lost to equipment maintenance and other issues, but vacuum 

enhanced NAPL recovery can remove NAPL at higher rates during limited 

periods of operation. Storage capacity must be designed to address the 

higher NAPL removal rate that may be achieved during certain periods of 

operation. As discussed in Section 6.6.2, studies have demonstrated that 

vacuum enhanced NAPL removal wells can be expected to remove NAPL 

through biodegradation and as a liquid phase at a rate of 10 gallons per day 

per well. The 11 recovery wells planned for this alternative would remove 

approximately 110 gallons of NAPL a day. As discussed in Sections 6.6.2 

and 7.6.2.4, approximately 70% of the NAPL would be removed through 

biodegradation, for which there are no waste residuals. The remaining 30% 

of the NAPL removed using this system would be recovered as a liquid 

phase. As a result, the 11 recovery wells planned for this alternative would 

remove approximately 33 gallons of NAPL per day of operation (i.e., 0.3 x 

110 gallons). 

If the system continues to operate at this higher than average removal rate 

for 90 days, it would recover approximately 3,000 gallons of NAPL every 90 

days. The NAPL would be accumulated in the 5,000 gallon above ground 

storage tank planned for this alternative for no longer than 90 days, when it 

would be removed and transported to an off-site incinerator for disposal. 
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As discussed above, average NAPL removal rates would be lower: 32,000 

gallons of NAPL removed as a liquid phase over the first three years, or 

approximately 30 gallons per day. At this average rate, approximately 2,700 

gallons of NAPL would be accumulated every 90 days prior to off-site 

disposal. 

Because the source of OU-II NAPL is the former lagoon and the former 

lagoon contained PCBs in concentrations greater than 500 ppm PCBs, OU-II 

NAPL recovered from all four OU-II NAPL areas around the former lagoon 

that contains detectable concentrations of PCBs (defined by USEPA as 2 

mg/kg or greater) would be classified as a TSCA regulated waste. As 

discussed in Section 5.2.1.4 and Table 7-3 and as shown on Figure 7-4, OU-II 

NAPL containing PCBs in concentrations above 2.0 mg /kg that is recovered 

as a liquid phase would be disposed of at an off-site TSCA-permitted 

incinerator. Furthermore, analytical testing conducted in 1990 for NAPL in 

the vicinity of the former lagoon suggests that the recovered OU-II NAPL 

would also be a RCRA characteristic waste. As a result, the cost estimate 

presented in Section 7.6.2.7 assumed that recovered OU-II NAPL would 

also be classified as a RCRA characteristic waste. In addition, NAPL from 

OU-II NAPL Area L4 may also be classified as a NYSDEC B003 listed 

hazardous waste since NAPL from a well located in OU-II NAPL Area L4 

(i.e., WB-5) exhibited a PCB concentration greater than 50 ppm during the 

1990 sampling. More recent sampling of NAPL in this area conducted 

during the OU-II remedial investigation detected lower PCB concentrations, 

i.e., less than 50 mg/kg. As a result of the 1990 sampling, however, it was 

assumed that OU-II NAPL that is to be recovered from all four OU-II NAPL 

areas (i.e., from the central oil/water separator) would also be classified as a 

NYSDEC RCRA listed hazardous waste (i.e., B003). 

Recovered OU-II NAPL would be tested to provide the disposal facility 

with the required analytical information and to determine whether the 

recovered OU-II NAPL is also a RCRA characteristic hazardous waste. At a 
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minimum, this testing would include analysis for PCBs and RCRA 

characteristics (i.e., toxicity, corrosivity, reactivity and ignitability). 

Following receipt of the analytical results, the OU-II NAPL would then be 

disposed. As discussed above and in Section 5.2.1.4, based on previous 

analytical results for NAPL around the former lagoon, it is anticipated that 

all OU-II NAPL recovered as a liquid phase would be classified as a TSCA 

and RCRA waste and would be disposed of at a TSCA and RCRA-

permitted incinerator. Actual disposal requirements would be based on the 

results of the analysis of waste characterization samples to be collected from 

OU-II NAPL. The OU-II NAPL waste disposal assumptions discussed 

above and in Table 7-3 were used to estimate the costs presented in Section 

7.6.2.7 for this alternative. 

In addition to recovered OU-II NAPL, the following waste streams would 

be generated by the operation of the vacuum enhanced NAPL removal 

system: 

ground water treatment residuals (i.e., metals removal sludge, spent 
liquid phase activated carbon and spent ion exchange resin); 

air emission control residuals (i.e., spent vapor phase activated 
carbon); and 

sediment that is periodically removed from the bottom of the dry wells 
that are to be used to recharge treated ground water to the shallow 
aquifer at Harmon Yard. 

Based on the information discussed earlier in this subsection regarding 

disposal requirements for OU-II NAPL, the cost estimate presented in 

Section 7.6.2.7 assumed that ground water treatment residuals would be 

classified as both a RCRA hazardous waste and a TSCA regulated waste. 

The metals removal sludge would be incinerated as a RCRA hazardous 

waste and a liquid TSCA waste and the spent liquid phase carbon would 

be disposed of in an off-site RCRA and TSCA approved chemical waste 

landfill. Incineration of the metals removal sludge would be required to 
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comply with TSCA policy regarding sludge from industrial processes that 

contain PCBs. This is the same TSCA policy that required incineration of 

the sludge from the former Harmon Yard wastewater equalization lagoon 

that was removed during the OU-I remedy. The spent vapor phase 

carbon, which would not be classified as a RCRA hazardous waste or a 

TSCA waste, would be disposed of in an off-site RCRA approved landfill. 

Finally, the dry well waste sediment, which would not classified as a 

RCRA hazardous waste or a TSCA waste, would be disposed of in a non-

hazardous waste landfill. 

In addition to the approximately 40,150 gallons of OU-II NAPL that 

would be recovered annually, it was estimated that the following 

quantities of waste residuals would be generated annually by the 

operation of the ground water treatment plant and the air emission 

control units and by the removal of the sediment that is expected to 

accumulate at the bottom of the dry wells to be used to recharge treated 

ground water to the shallow aquifer: 

approximately 3,010 gallons of metals removal sludge generated 
during ground water treatment; 

approximately 2,980 pounds of spent activated carbon used in ground 
water treatment; 

approximately 605 pounds of spent ion exchange resin (i.e., 
approximately two 55-gallon drums) generated during ground water 
treatment; 

approximately 8,760 pounds of spent vapor phase activated carbon 
generated by the air pollution control units; and 

approximately 4.4 tons of sediment removed from the bottom of the 
dry wells that are to be used to recharge treated ground water to the 
shallow aquifer. 

These waste residual quantities were used to estimate the cost of this 

alternative. Refer to Section 7.6.2.7 and to Appendix J (Table J-5). 
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7.6.1.11 Task No. 11: Pre-Design Studies 

Prior to designing this alternative, pre-design studies (both bench-scale 

and field pilots) would be conducted. These studies would specifically 

address: (1) design parameters for the vacuum enhanced NAPL recovery 

systems; (2) treatment requirements for the extracted ground water; and 

(3) the performance of the selected treatment technologies. As discussed in 

Section 7.6.1.9, treatment of the extracted ground water would be required 

prior to discharge (i.e., recharge) to the shallow aquifer. A description of 

the proposed bench-scale and field pilot studies and their components 

follow. 

Bench-Scale Testing - Ground Water Treatment 

The purpose of the bench-scale testing pre-design study would be to 

identify potentially appropriate treatment technologies for the extracted 

ground water and to identify which treatment chemicals provide the best 

treatment results. The following steps would be performed during this 

study: 

obtain representative samples of ground water, mix with a 
representative sample of OU-II NAPL, allow gravity (i.e., oil/water) 
separation to occur, and use the resulting aqueous mixture for testing; 

characterize the separated aqueous portion of the OU-II NAPL and 
ground water mixture for inorganic constituents and organic 
compounds; 

send the samples to manufacturers of ultrafiltration systems to 
determine the ability of ultrafiltration to remove metals with and 
without chemical addition, the optimum ultrafiltration membrane to 
be used, and the need, if any, for ion exchange; 

send the samples to manufacturers of ion exchange systems to identify 
the optimum resins for metals removal; and 

select process for pilot testing. 
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Pilot Tests 

After the ground water treatment bench-scale studies have been 

completed, a field pilot test would be conducted to: (1) determine the 

pneumatic and other design parameters for the vacuum enhanced NAPL 

removal system; and (2) to simulate the ground water treatment 

processes. The pilot study would determine the following design 

parameters for the vacuum enhanced NAPL removal system: 

the pneumatic radius of influence for the vacuum enhanced NAPL 
recovery wells; 

the air extraction rates to be used in the vacuum enhanced NAPL 
recovery system to recover OU-II NAPL; 

the extent, if any, of tidal fluctuations and the potential effects on the 
operation of the vacuum enhanced NAPL recovery system; 

techniques to minimize the volume of ground water removed; 

the type and concentration of constituents that would be present in the 
air that would be removed by the vacuum enhanced NAPL recovery 
system; 

the disposal characteristics of recovered NAPL (i.e., is OU-II NAPL a 
RCRA characteristic or NYSDEC listed hazardous waste or a TSCA 
regulated waste); 

the volume of ground water that would be recovered by the operation 
of the vacuum enhanced NAPL recovery system; and 

the volume of OU-II NAPL that would be recovered by the operation 
of the vacuum enhanced NAPL recovery system. 

Using the ground water recovered during the first phase of this pilot 

study, the proposed treatment process would be simulated. During this 

phase of the pilot study, the following information would be obtained: 

the ability of the selected ground water treatment process to 
consistently meet the ground water recharge effluent limits; 

. OU-II NAPL recovery rates; 
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metals removal sludge generation rates; 
sizing of the various treatment components; 
chemical usage rates; 
vapor phase activated carbon usage rates; 
ground water treatment activated carbon and ion exchange resin usage 
rates; and 
any operational difficulties associated with the selected system. 

The information to be obtained through the implementation of these 

studies would then be used to design the key components of this 

alternative, i.e., the vacuum enhanced N APL recovery system, including 

the on-site ground water treatment system and the air emission control 

units. 

7.6.2 Evaluation 

In accordance with NYSDEC FS guidance (NYSDEC, 1990), USEPA RI/FS 

guidance (USEPA, 1988) and Section 300.430 of the NCP, this alternative is 

evaluated for the seven criteria listed in Section 7.0. 

7.6.2.1 Overall Protection of Human Health and the Environment 

This alternative would address the remedial action objectives for OU-II 

NAPL as follows: 

vacuum enhanced NAPL removal would use biodegradation and 
liquid phase NAPL recovery to remove both residual saturation and 
liquid phase NAPL to the extent practicable (i.e., approximately 70% of 
the NAPL present, or 107,000 gallons, over the initial three year 
operating period); 

the removal of residual saturation and liquid phase OU-II NAPL and 
the installation of sheeting at the downgradient boundary of Harmon 
Yard (i.e., the northwest boundary of OU-II NAPL Area LI) would 
prevent off-site migration of OU-II NAPL; and 

maintaining the existing soil cover and Metro-North work practices at 
the OU-II Site would prevent direct contact with subsurface OU-II 
NAPL. 
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As a result, this alternative would protect human health and the 

environment and would adequately address all of the remedial action 

objectives for OU-II NAPL. 

As discussed in Section 5.2.2.4, the only viable remedial alternative for 

OU-II Croton Bay sediment that would achieve the remedial action 

objective for sediment is natural attenuation, defined for this area as the 

continued deposition of additional sediment in this area from the Hudson 

River and adjacent surface water bodies. This remedial approach has been 

selected to address the potential unacceptable risks posed by OU-II 

Croton Bay sediment to human health and to aquatic life. This alternative 

includes natural sediment deposition as defined in Section 7.1.1 and, as a 

result, would adequately address the remedial action objectives for OU-II 

Croton Bay sediment. 

Although Section 4.4 concluded that OU-II ground water does not pose 

any current or future unacceptable risks to potential receptors and it is 

very unlikely that the concentrations of chemicals of concern in OU-II 

ground water would increase significantly in the future, ground water 

discharging from the former lagoon area would be monitored to ensure 

the continued protection of human health and the environment. This 

would be accomplished by incorporating an additional perimeter well in 

the OU-II Site area into the Ground Water Monitoring Plan defined in the 

Harmon Railroad Yard Remediation Plan (ERM, 1996) that was approved 

by NYSDEC. As part of the Ground Water Monitoring Plan, trigger 

levels, that would represent the maximum allowable ground water 

concentration of chemicals of concern in OU-II ground water that can 

migrate off-site without posing unacceptable risks to human health and 

the environment, would be developed and the annual ground water 

monitoring results would be compared to these trigger levels. 

Consequently, compliance with the trigger levels would ensure that OU-II 

ground water migrating past the Harmon Yard property boundary to off-
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site receptors does not pose unacceptable risks to human health or the 

environment. 

7.6.2.2 Compliance with SCGs 

The SCGs and TBCs that were identified in Section 5.1 as applicable or 

relevant and appropriate to this alternative are as follows: 

SCGs 

. Waste Transporter Permits, 6 NYCRR Part 364; 

Hazardous Waste Management Regulations, 6 NYCRR Part 370 
through Part 373; 

. Land Disposal Restrictions, 6 NYCRR Part 376; 

Inactive Hazardous Waste Disposal Site Remedial Program, 6 NYCRR 
Part 375; 

Selection of Remedial Actions at Inactive Hazardous Waste Sites, 
TAGM HWR-90-4030; 

Fugitive Dust Suppression and Particulate Monitoring Program at 
Inactive Hazardous Waste Sites, TAGM HWR-89-4031; 

. Toxic Substances Control Act, 40 CFR 761; 

Guidelines and Requirements for Workers at Hazardous Waste Sites 
(Subpart 120), OSHA 29 CFR 1910; 

NYSDEC Technical Guidance for Screening of Contaminated 
Sediment; 

NYSDEC Fish and Wildlife Impact Analysis for Inactive Hazardous 
Waste Sites; 

Integrated Risk Information System (IRIS); 

USEPA Risk Assessment Guidance for Superfund (RAGS) Volume I, 
Human Health Evaluation Manual, Part A, Baseline Risk Assessment; 
and 

NYSDEC Water Quality Standards, Surface Water and Groundwater, 6 
NYCRR Part 703.5. 
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TBCs 

Article 12 of the New York State Navigation Law (New York Oil Spill, 
Control and Compensation Act); 

Environmental Priorities and Procedures in Petroleum Cleanup and 
Removal, 6 NYCRR Part 611; 

National Contingency Plan, Subpart D, Operational Response Phases 
for Oil Removal, 40 CFR Part 300; 

. Safety and Health Regulations for Construction, OSHA 29 CFR 1926; 

NYSDEC Record of Decision for the Harmon Railroad Yard 
Wastewater Treatment Area, NYSDEC Site Number 3-60-010 
(NYSDEC, 1992), also referred to as the OU-I ROD; 

. NYSDEC Record of Decision for the Croton Point Landfill, NYSDEC 
Site Number 3-60-001 (NYSDEC, 1993c); and 

. NYSDEC TOGS 1.1.1, Ambient Water Quality Standards and Guidance 
Values. 

Because this alternative includes a number of different technologies and 

tasks, a number of SCGs listed in Table 5-1 are applicable and many of the 

SCGs and TBCs are relevant and appropriate for this alternative. This 

alternative complies with the requirements of the Inactive Hazardous 

Waste Disposal Site Remedial Program (6 NYCRR Part 375), and the 

NYSDEC TAGM Selection of Remedial Actions at Inactive Hazardous 

Waste Sites (HWR-90-4030). That is, this alternative complies with these 

regulatory requirements since it eliminates or mitigates all significant 

threats to the public health and to the environment presented by 

hazardous waste disposal at the Site (see 6 NYCRR Part 375-1.10(b)) and 

has been evaluated for the seven criteria listed earlier in Section 7.0 of this 

Feasibility Study and defined in Section 375-1.10(c) of 6 NYCRR Part 375 

and in Section 5.0 of the NYSDEC TAGM referenced above (NYSDEC, 

1990). 
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The NYSDEC TAGM HWR-90-4030 entitled "Selection of Remedial 

Actions at Inactive Hazardous Waste Sites" (NYSDEC, 1990) primarily 

deals with the criteria to be used to evaluate remedial action alternatives 

for inactive hazardous waste sites and the methods to be used to select a 

preferred remedial action alternative. As discussed earlier in this section 

(i.e., Section 7.0), the remedial action alternatives developed for this Site 

(i.e., OU-II) were evaluated for the criteria established by the NYSDEC 

and, as a result, the selection of this alternative would comply with these 

components of the NYSDEC TAGM HWR-90-4030. 

In addition, this NYSDEC document also establishes a hierarchy of 

remedial technology treatments to be consistent with the federal 

Superfund Amendments and Reauthorization Act of 1986 (SARA), Public 

Law 99-499, which amended CERCLA, and with RCRA amendments 

which restricted land disposal. This NYSDEC document states that the 

NYSDEC believes it is important to implement permanent remedies when 

practicable. This alternative would remove OU-II NAPL, which is the only 

OU-II media posing potentially unacceptable risks to human health and 

the environment that is to be addressed by remedial actions, as a liquid 

phase and transport it for destruction at an off-site TSCA-approved 

incinerator. Vacuum enhanced NAPL removal would also biodegrade the 

petroleum hydrocarbon compounds that comprise the majority of OU-II 

NAPL, eventually reducing these compounds to carbon dioxide and 

water. As a result, this alternative would comply with the preference for 

treatment established in the NYSDEC TAGM HWR-90-4030. In addition, 

this alternative would biodegrade OU-II NAPL that is present at the Site 

as residual saturation. The other NAPL removal alternatives evaluated in 

this feasibility study, i.e., NAPL-only removal and NAPL removal with 

ground water depression, would not remove or treat OU-II NAPL present 

at the Site as residual saturation. 
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This alternative would comply with state rules and regulations, Article 12 

of the New York State Navigation Law, and 6 NYCRR Part 611 which 

require cleanup and removal of petroleum spills. The vacuum enhanced 

NAPL recovery system would constitute the petroleum cleanup and 

removal response actions required by Article 12 of the New York State 

Navigation Law and by 6 NYCRR Part 611. In addition, this alternative 

would remove OU-II NAPL to the extent practical, as required by the OU-

I ROD (NYSDEC, 1992) and by the National Contingency Plan (NCP, 

1990). Subpart D of the NCP at 40 CFR 300.320 (a)(4)(i) requires that the 

cleanup of petroleum be fully sufficient to minimize or mitigate threats to 

public health and welfare and the environment. To summarize, the 

removal of NAPL is required by New York State law and by federal and 

state regulations and the overall approach to NAPL removal outlined in 

these statutes and regulations is to minimize or mitigate, but not 

necessarily eliminate, risks related to NAPL and that reasonable measures 

should be used to remove NAPL to the extent practical. 

As discussed in Section 4.2 and in Section 5.2.1.5, OU-II NAPL has 

migrated less than 200 feet from the former lagoon in the over 20 years 

that it has been present on the water table in this area. As discussed in 

Section 4.4, dissolved constituents from OU-II NAPL and other sources in 

ground water downgradient of the four OU-II NAPL areas do not 

currently pose unacceptable risks to human health or the environment. 

The only potential exposure pathways by which OU-II NAPL could pose 

unacceptable risks to human health or the environment would require 

that OU-II NAPL migrate to the Hudson River or that constituents from 

OU-II NAPL dissolve in ground water at a higher rate in the future. These 

theoretically possible but remote exposure pathways would be sufficiently 

addressed by the OU-II NAPL removal components contained within this 

alternative. Specifically, these components include the removal of residual 

saturation and liquid phase OU-II NAPL and the installation of sheeting 

at the downgradient boundary of Harmon Yard, i.e., at the northwest 
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boundary of OU-II NAPL Area LI. As a result, this alternative would 

comply with these state and federal statutes and regulations regarding the 

cleanup and removal of petroleum released into the environment. 

In addition, all activities at the Site would be conducted in accordance 

with a Health and Safety Plan that would be prepared during the final 

design to comply with OSHA at 29 CFR 1910, i.e., the Guidelines and 

Requirements for Workers at Hazardous Waste Sites (Subpart 120) and 

OSHA at 29 CFR 1926, i.e., the Safety and Health Regulations for 

Construction. 

As discussed in Section 7.6.1, all waste materials that would be generated 

by implementing this alternative, in particular the mixture of soil and OU-

II NAPL that would be removed during installation of the NAPL recovery 

wells, the OU-II NAPL to be recovered during operation of these systems, 

and the ground water treatment residuals, air emission control residuals 

and dry well sediment generated during O&M activities, would be 

properly characterized, stored, transported and disposed of at an 

approved off-site disposal facility, such as a TSCA-approved chemical 

waste landfill (i.e., for the soil and OU-II NAPL mixture), a TSCA-

approved incinerator (i.e., for separate phase OU-II NAPL and metals 

removal sludge), a RCRA and TSCA approved off-site landfill (i.e., for 

spent liquid phase and vapor phase activated carbon), a regeneration 

facility (i.e., for spent ion exchange resin) and a non-hazardous waste 

landfill (i.e., for dry well sediment). Storage, transportation, treatment and 

disposal of any recovered OU-II NAPL, soil mixed with OU-II NAPL and 

ground water treatment residuals, would be designed to comply with the 

requirements contained in the regulations pertaining to the management 

of TSCA waste (i.e., 40 CFR 761). In addition, storage, transportation, 

treatment and disposal of any recovered OU-II NAPL, soil mixed with 

OU-II NAPL and ground water treatment residuals that may be 

subsequently characterized as a RCRA hazardous waste would be 
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designed to comply with the requirements contained in the regulations 

pertaining to the management of hazardous waste. These regulations are: 

Waste Transporter Permits (6 NYCRR Part 364); Hazardous Waste 

Management Regulations (6 NYCRR Part 370 through Part 373); and Land 

Disposal Restrictions (6 NYCRR Part 376). 

The active components of this alternative would be designed to comply 

with the substantive requirements of permits that may be applicable to on-

site activities relating to the management of hazardous wastes (e.g., 

storage of a hazardous waste). In accordance with Section 375-1.7 of 6 

NYCRR Part 375, the Inactive Hazardous Waste Disposal Site Remedial 

Program, no permit, consent, approval or other authorization under any 

local government zoning, land-use, or NYSDEC or other New York State 

regulatory program is required for remedial actions that: (1) are on-site; 

(2) satisfy all the substantive requirements of the permit; and (3) are 

selected by a process complying with the public participation program 

requirements of Section 375-1.5, to the extent applicable. 

As discussed in Section 4.3, the NYSDEC Technical Guidance for 

Screening Contaminated Sediment (NYSDEC, 1993a) was used to identify 

the potential risks posed by chemicals in OU-II Croton Bay sediment. 

Natural sediment deposition, defined in Section 7.1.1, addresses the 

potential risks for this environmental media that were identified based on 

this SCG. 

As previously discussed, fluids recovered during vacuum enhanced 

NAPL recovery (i.e., NAPL and ground water) would be separated and 

the ground water would further be treated and ultimately recharged to 

the shallow aquifer at Harmon Yard. The ground water treatment system 

conceptual design proposed in Section 7.6.1.6 is based on the maximum 

OU-II ground water concentrations, which was increased to address the 

possible presence of NAPL constituents that may mix with ground water 
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during pumping, and the ground water standards contained in 6 NYCRR 

Part 703.5. Under this alternative, pre-design studies would also be 

conducted to confirm the design parameters and the performance of the 

proposed ground water treatment technologies. 

With the exception of iron and manganese, which are difficult to remove, 

the ground water treatment system proposed in Section 7.6.1.6 has been 

conceptually designed to meet the ground water standards. As discussed 

in Section 7.6.1.6, the treatment system may not need to reduce the iron 

and manganese concentrations in treated ground water to NYSDEC 

ground water standards for the following reasons: 

iron and manganese in OU-II ground water is naturally occurring and 
are not constituents of OU-II N APL; 

the presence of iron and manganese in OU-II ground water does not 
pose unacceptable risks to human health or the environment, as 
discussed in Section 4.4; and 

the operation of the treatment and recharge system would ultimately 
reduce the concentrations of iron and manganese in OU-II ground 
water. 

Based on the assumption that a variance from the ground water standards 

for iron and manganese would be granted, this alternative would ensure, 

through ground water treatment and pre-design testing, that the 

recharged ground water complies with the ground water standards 

contained in 6 NYCRR Part 703.5. 

Long Term Effectiveness and Permanence 

Long-term effectiveness and permanence is measured by the magnitude of 

the residual risk and the adequacy and reliability of controls. This 

alternative would reduce any potential long term risks attributable to OU-
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II NAPL by achieving the remedial action objectives established in Section 

5.2.1.5: 

to prevent further off-site migration of OU-II NAPL; 
to remove OU-II NAPL to the extent practicable; and 
to continue to prevent direct contact with subsurface OU-II NAPL in 
the vicinity of the former lagoon. 

This section explains how this alternative would reduce the already low 

risks posed by OU-II NAPL to human health and the environment by 

using in-situ biodegradation and off-site incineration to permanently 

remove a majority of OU-II NAPL and OU-II NAPL constituents from 

subsurface soil. This section also describes how vacuum enhanced NAPL 

removal can be designed to mitigate or eliminate potential risks that may 

be posed by construction and operation of this system. 

As discussed in Section 4.2.2, OU-II NAPL is primarily located within the 

Harmon Yard property boundaries and potential direct contact exposures 

or migration pathways leading to unacceptable risks to human health or 

the environment are very unlikely. OU-II NAPL has been observed in off-

site monitoring wells in only one NAPL area (i.e., OU-II NAPL Area L4). 

As discussed in Section 5.2, the off-site OU-II NAPL adjacent to OU-II 

NAPL Area L4 appears to be a remnant of ground water flow patterns in 

the former lagoon area. Current ground water flow directions have 

reversed in this area since operation of the former lagoon was 

discontinued and the lagoon was remediated. Ground water in OU-II 

NAPL Area L4 now flows toward the OU-II Harmon Yard Site. 

Further migration of OU-II NAPL from OU-II NAPL Area L4 is unlikely 

due to the compacted soil believed to have been used in the construction 

of the off-site perimeter road that surrounds the former lagoon area. The 

10 to 20 feet of unsaturated soil that overlies OU-II NAPL, the standard 

practices discussed in Section 6.3 that are used by Metro-North to govern 
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subsurface work throughout Harmon Yard, the BMPs to be developed to 

formalize these practices, and the proximity of OU-II NAPL to the 

remediated OU-I former lagoon virtually eliminates the risk that OU-II 

NAPL would be exposed in the future. In addition, Section 4.4 discussed 

the limited effects that OU-II NAPL and the former lagoon have had on 

ground water in this area. 

In conclusion, the current exposure and migration risks related to OU-II 

NAPL are minimal. As discussed below, the NAPL recovery trench and 

wells that would be installed if this alternative were selected would 

further reduce these already low risks by removing OU-II NAPL. In 

addition, the sheeting that would be installed at the northeast boundary of 

Harmon Yard in OU-II NAPL Area LI would provide an effective barrier 

to the potential (but unlikely) migration of OU-II NAPL from this area to 

the adjacent off-site former New York Central Railroad Company 

property and would thus continue to contain OU-II NAPL within the 

Harmon Yard property boundaries. 

Vacuum enhanced NAPL recovery from the four OU-II NAPL areas 

would be reliable in removing subsurface OU-II NAPL, to the extent 

practicable. The installation of sheeting in OU-II NAPL Area LI would be 

effective in preventing off-site NAPL migration from this OU-II NAPL 

area. Maintaining the 10 to 20 feet of soil that currently covers OU-II 

NAPL, prohibiting the installation of on-site water supply wells in OU-II 

NAPL areas, maintaining the existing Metro-North subsurface work 

practices, and implementing the BMPs to be developed by Metro-North 

for subsurface work would be reliable in preventing direct contact with 

on-site OU-II NAPL. 

There are two mechanisms by which vacuum enhanced NAPL recovery 

removes NAPL: (1) biodegradation of the petroleum hydrocarbon 

compounds that comprise the majority of OU-II NAPL; and (2) the 
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removal of liquid phase OU-II NAPL, including petroleum hydrocarbon 

compounds, PCBs and inorganic constituents. As discussed in Section 

6.6.2, studies have shown that biodegradation is responsible for 

approximately 70% of the NAPL that can be removed using vacuum 

enhanced NAPL removal and removal of NAPL as a liquid phase is 

responsible for the remaining 30% of the NAPL removed using this 

technology. 

This represents a ratio of biodegradation rates to liquid phase removal 

rates of approximately 2.3. As discussed in Section 6.6.4, vacuum 

enhanced NAPL removal is expected to remove approximately 70% of the 

total quantity of OU-II NAPL, or approximately 107,000 gallons of NAPL 

(i.e., 0.7 x 153,000 gallons). Biodegradation, then, would be expected to 

remove approximately 75,000 gallons of NAPL (i.e., 0.7 x 107,000 gallons) 

and liquid phase NAPL would remove approximately 32,000 gallons of 

NAPL (i.e., 0.3 x 107,000 gallons). 

Biodegradation of the petroleum hydrocarbon compounds in OU-II NAPL 

will reduce these compounds to carbon dioxide and water over the three 

year period discussed in Section 7.6.1.9. Intermediate breakdown 

components from the biodegradation of petroleum hydrocarbons are not 

more toxic or more mobile than the parent compounds. As discussed in 

Section 6.6.2, the aerobic environment that would be induced by vacuum 

enhanced NAPL removal is not conducive to the biodegradation of PCBs. 

Consequently, the biodegradation component of this alternative would 

not generate any breakdown compounds of PCBs. As discussed in Section 

6.6.2, analysis of OU-II NAPL for PCBs conducted during the OU-II 

remedial investigation determined that PCB concentrations in all but one 

well (i.e., well (i.e., WB-5) were now below the 10 m g / k g NYSDEC TAGM 

(NYSDEC, 1994c) recommended soil cleanup objective for PCBs in 

subsurface soil. Remedial actions for the OU-II Site to reduce PCB 
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concentrations to levels equal to or below 10 mg/kg are only needed in 

the limited area adjacent to the one well (i.e., WB-5) where PCB 

concentrations in NAPL exceeds 10 mg/kg . The PCBs in this well would 

be removed with NAPL that is recovered as a liquid phase. Overall, the 

petroleum hydrocarbon constituents that comprise the majority of OU-II 

NAPL and that would be removed by biodegradation would be 

permanently destroyed. This would satisfy the regulatory preference 

contained in CERCLA for treatment and uses the primary remedial 

approach, i.e., treatment, recommended in the NYSDEC guidance for the 

selection of remedial actions at hazardous waste sites (NYSDEC, 1990). 

The approximately 32,000 gallons of liquid phase NAPL that vacuum 

enhanced NAPL removal would recover over the three year period 

discussed in Section 7.6.1.9 would be transported to an off-site RCRA and 

TSCA approved incinerator. If testing demonstrates that this material is 

not a RCRA and TSCA regulated material, it would be incinerated at a 

permitted non-hazardous waste incinerator. 

In any case, OU-II NAPL that would be removed as a liquid phase from 

the subsurface environment by vacuum enhanced NAPL removal would 

be incinerated off-site. Incineration would permanently destroy all of the 

organic compounds present in OU-II NAPL, including the petroleum 

constituents that comprise the majority of this material. It would also 

permanently destroy the PCBs that have been detected in OU-II NAPL. 

The complete and permanent destruction of liquid phase OU-II NAPL 

provided by this alternative would satisfy the regulatory preference 

contained in CERCLA for treatment and uses the primary remedial 

approach, i.e., treatment, recommended in the NYSDEC guidance for the 

selection of remedial actions at hazardous waste sites (NYSDEC, 1990). 

Incineration and biodegradation are effective long-term approaches to 

OU-II NAPL. Implementation of this alternative, then, would 
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permanently eliminate the potential risks posed by the OU-II NAPL that 

would be removed if this alternative were implemented. Moreover, the 

amount of NAPL removed by vacuum enhanced NAPL removal is two to 

three times greater than the amount of NAPL that would be removed by 

NAPL-only removal or by NAPL removal with ground water depression. 

Only 30% or 46,000 gallons of the 153,000 gallons of OU-II NAPL that is 

present at the Site would remain if vacuum enhanced NAPL removal 

were to be implemented. NAPL-only removal would leave 80% or 122,000 

gallons and ground water depression would leave 70% or 107,000 gallons 

of the of OU-II NAPL present at the Site. Clearly, vacuum enhanced 

NAPL removal is more effective over the long-term and the remedy is 

more permanent than either NAPL-only removal or NAPL removal with 

ground water depression. 

In addition, natural sediment deposition is a component of this 

alternative. The NYSDEC concluded, with respect to sediment in Croton 

Bay impacted by the adjacent Croton Point Landfill, that the long-term 

effectiveness and permanence of natural sediment deposition, as 

measured by the residual risk and the adequacy and reliability of this 

approach, would be acceptable. This conclusion is also applicable to OU-II 

Croton Bay sediment. 

Reduction of Toxicity, Mobility or Volume 

As discussed in Section 5.2.1.2, OU-II NAPL is primarily comprised of 

diesel fuel and contains PCBs and inorganic constituents such as 

chromium, lead and arsenic. There is approximately 153,000 gallons of 

OU-II NAPL present at the Site. Vacuum enhanced NAPL removal would 

generate five waste streams that affect the toxicity, mobility or volume of 

the chemicals present at the OU-II Site (i.e., petroleum hydrocarbons, 

PCBs and inorganic constituents): 
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OU-II NAPL removed through biodegradation; 

OU-II NAPL removed as a liquid phase; 

drill cuttings removed during air injection and NAPL recovery well 
installation; 

treated ground water discharged to the shallow aquifer at Harmon 
Yard; and 

ground water treatment residuals (e.g., spent ion exchange resins, 
spent activated carbon). 

The manner in which this alternative deals with the Site-related chemicals 

contained in these various waste streams is discussed below. 

This alternative would remove OU-IINAPL: (1) through biodegradation; 

and (2) as a separate liquid phase. In order to compare the ability of each 

of these technologies to remove NAPL and to comply with the NYSDEC 

requirement to consider the length of time needed for each technology to 

remove NAPL, the amount of NAPL that each technology could remove in 

a relatively short time period (i.e., three to four years) was estimated. This 

analysis, discussed in Section 7.6.2.3 and in Section 6.6.4, determined that 

vacuum enhanced NAPL removal would remove approximately 70% of the 

total quantity of OU-II NAPL present at the Site, or approximately 107,000 

gallons of NAPL (i.e., 0.7 x 107,000 gallons). This alternative would remove 

NAPL over the initial three year operating period as follows: 

through biodegradation: 75,000 gallons 
as a liquid phase: 32,000 gallons 
TOTAL: 107,000 gallons 

The petroleum hydrocarbon compounds that comprise the majority of 

OU-II NAPL and that would be removed through biodegradation would 

eventually be permanently destroyed, i.e., reduced to carbon dioxide and 

water. The OU-II NAPL that is removed as a liquid phase would be 

transported for disposal and destruction at a TSCA-approved off-site 
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incinerator. As discussed in Section 5.2.1.4, incineration of OU-II NAPL 

that contains PCBs in concentrations over 2 ppm is required in order to 

comply with TSCA disposal regulations. 

Biodegradation and incineration, then, would permanently destroy the 

petroleum hydrocarbon constituents that comprise the majority of the 

107,000 gallons of NAPL to be removed by vacuum enhanced NAPL 

removal. This would permanently eliminate the toxicity, mobility and 

volume of these Site-related chemicals. The PCBs that would be removed 

with the 32,000 gallons of liquid phase NAPL would also be permanently 

destroyed by incineration, eliminating the toxicity, mobility and volume 

of the PCBs in this material. As discussed in Section 7.6.1.10, PCBs are 

present at the Site in concentrations that are generally below the NYSDEC 

TAGM recommended soil cleanup objective for PCBs in subsurface soil of 

10 mg/kg (NYSDEC; 1994c). Since PCBs are only mobile in subsurface soil 

in the presence of other more mobile organic compounds such as 

petroleum hydrocarbons, the removal of the majority of the petroleum 

hydrocarbons that comprise OU-II NAPL would also significantly reduce 

the mobility of the PCBs that would remain at the Site. 

OU-II NAPL also contains relatively low concentrations of inorganic 

constituents. The relatively low concentrations of inorganic constituents 

that are present in OU-II NAPL that would be removed as a liquid phase 

and subsequently incinerated as liquid NAPL would be handled with the 

incinerator ash. Ash from RCRA and TSCA-approved incinerators is 

disposed of in a chemical waste landfill in accordance with the RCRA and 

TSCA permits for these incineration facilities. Disposal of these inorganic 

constituents in a chemical waste landfill would significantly reduce the 

mobility of these Site-related chemicals. 

There would also be a significant reduction in the mobility of the 

inorganic constituents that would be left at the Site after NAPL removal is 
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discontinued. As discussed in Section 3.4.2.3, the presence of some of the 

inorganic constituents in ground water beneath the OU-II Site is most 

likely due to the biological activity that occurs when NAPL is present. 

Vacuum enhanced NAPL removal would destroy at least 70% of the 

NAPL present at the Site. The removal of this material would eventually 

significantly reduce the level of biological activity at the Site, thereby 

reducing the mobility of the inorganic constituents that would be left at 

the Site in remaining OU-Il NAPL. 

As discussed in Section 7.6.1.7 and in Appendix J, it was estimated that a 

total of 54 tons of drill cuttings would be generated during the installation 

of the 32 air injection wells, 11 NAPL recovery wells, and 1 ground water 

monitoring well that are key components of this alternative. Since the 

drilling procedure used to install these wells would mix OU-II NAPL and 

soil, it was assumed that all 54 tons of this material would be disposed o 

in an off-site RCRA and TSCA approved chemical waste landfill. The 

disposal in an off-site chemical waste landfill of the petroleum 

hydrocarbons, PCBs and inorganic constituents contained within the 54 

tons of drill cuttings to be generated by this alternative would 

significantly reduce the mobility of these Site-related chemicals. 

As discussed in Section 7.6.1.6, it was estimated that vacuum enhanced 

NAPL removal would pump approximately 495 gallons per day of 

ground water that would need to be treated and discharged. As 

previously discussed, this ground water cannot be discharged to the 

existing wastewater treatment facility at Harmon Yard or to the Ossining 

wastewater treatment plant. As a result, this alternative includes an on-

site ground water treatment plant to remove the petroleum hydrocarbon 

compounds, PCBs and inorganic constituents that may be present in 

extracted ground water. Because the projected flow of ground water to 

this system is relatively low (i.e., less than 0.4 gallons per minute), the 

recharge of treated ground water to the shallow aquifer at Harmon Yard 

ERM-NORTHEAST 7 - 2 3 7 F:\DATA\PROJECTS\MNCROUII\FS_TEX7\SECT_7.DOC 

file://F:/DATA/PROJECTS/MNCROUII/FS_TEX7/SECT_7.DOC


would be feasible. Removal of OU-II NAPL chemicals through ground 

water treatment and the subsequent discharge of treated ground water to 

the shallow aquifer would significantly reduce the mobility of these 

chemicals. The destruction or off-site disposal of the chemicals removed 

by ground water treatment (i.e., treatment residuals), discussed below, 

would also reduce the toxicity, mobility and volume of these constituents. 

Ground water treatment will generate waste residuals that must be 

disposed of off-site. As discussed in Section 7.6.1.10, it was estimated that 

the following quantities of waste residuals would be generated annually 

by the operation of the ground water treatment plant: 

approximately 3,010 gallons of metals removal sludge generated 
during ground water treatment; 

approximately 2,980 pounds of spent activated carbon used in ground 
water treatment; 

approximately 605 pounds of spent ion exchange resin (i.e., 
approximately two 55-gallon drums) generated during ground water 
treatment; 

approximately 8,760 pounds of spent vapor phase activated carbon 
generated by the air pollution control units; and 

approximately 4.4 tons of sediment removed from the bottom of the 
dry wells that are to be used to recharge treated ground water to the 
shallow aquifer. 

Based on information presented in Section 7.6.1.10, it was assumed that 

the metals removal sludge and the spent activated carbon generated 

during ground water treatment would be classified as both a RCRA 

hazardous waste and as a TSCA regulated waste. The spent liquid phase 

and vapor phase activated carbon would be disposed of off-site in a TSCA 

and RCRA approved chemical waste landfill, thereby reducing the 

toxicity, mobility and volume of the organic compounds removed from 

ground water onto activated carbon. The metals removal sludge would be 
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incinerated at a RCRA and TSCA approved facility and the resulting ash 

would be disposed of in a RCRA and TSCA approved off-site chemical 

waste landfill. The placement of this material in a lined and covered 

RCRA and TSCA approved chemical waste landfill would reduce the 

mobility of the inorganic constituents removed from ground water during 

metals treatment. 

The spent ion exchange resins would be regenerated off-site. The metals 

removed by this regeneration process would either be reused or disposed 

of in a RCRA-approved hazardous waste landfill, thereby reducing the 

mobility of the inorganic constituents removed by ion exchange during 

ground water treatment. 

The last ground water treatment residual that would be generated by this 

alternative is the approximately 4.4 tons of sediment that would be 

removed annually from the dry wells used to recharge treated ground 

water to the shallow aquifer at Harmon Yard. Since only treated ground 

water would be discharged to these dry wells, the sediment that 

accumulates would contain few, if any, Site-related chemicals. 

Nevertheless, this material would be tested for PCBs and RCRA 

characteristics. The sediment would be removed and disposed of in an off-

site hazardous, non-hazardous or TSCA-regulated landfill, depending on 

the results of the sediment testing to be performed prior to off-site 

disposal. In any event, the sediment would be contained in a lined and 

covered off-site landfill, thereby significantly reducing the mobility of any 

Site-related chemicals that may be present in this material. The cost 

estimate presented in Section 7.6.2.7 assumed that this material would be 

disposed of in an off-site non-hazardous waste landfill. 

Natural sediment deposition in the OU-II Croton Bay sediment area, 

which is a component of this alternative, would have no affect on the 

toxicity or volume of chemicals in this sediment. However, the mobility of 
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chemicals in OU-II Croton Bay sediment would be reduced as sediment 

from adjacent surface water bodies covers and contains OU-II Croton Bay 

sediment. 

Short-Term Effectiveness 

As discussed in Section 7.6.1, design, construction and installation of the 

NAPL removal components defined in this alternative can be completed 

and operation can begin within one to two years from the approval by the 

NYSDEC of a Remedial Design and Remedial Action Work Plan. A 

Remedial Design and Remedial Action Work Plan is typically required by 

the NYSDEC following the selection of a remedial action approach in a 

NYSDEC record of decision. The specific schedule for implementation of 

this alternative would be defined in the Remedial Design and Remedial 

Action Work Plan. Much of this time would be used for design, regulatory 

approval and contractor selection and procurement. On-site construction 

activities, such as the installation of the air injection and NAPL recovery 

wells, transportation to an off-site disposal facility of the waste generated 

during construction, and construction of the on-site ground water 

treatment system, would occur over a time period that would probably 

not exceed six to twelve months. Potential short-term effects during 

construction of the remedy, then, would be limited to this six to twelve 

month time period. 

The amount of NAPL that various NAPL removal technologies could 

remove in a relatively short period of time (i.e., 3 to 4 years) was estimated 

in order to compare the ability of each of these technologies to remove 

NAPL and to comply with the NYSDEC requirement to consider the time 

needed for each technology to remove NAPL. This analysis, discussed in 

Sections 6.6.2 and 7.6.1.9, concluded that most, if not all, of the NAPL that 

could be removed through vacuum enhanced NAPL recovery would be 

removed in the first three years of operation. Operation of the vacuum 

ERM-NORTHEAST 7 -240 F:\DATA\PROJECTS\MNCROUinFS TEXnSECT 7.DOC 

file://F:/DATA/PROJECTS/MNCROUinFS


enhanced NAPL removal system may continue after the initial three year 

period, but the rate at which NAPL would be removed is expected to 

decrease. For the purposes of this evaluation, however, it was assumed 

that the potential short-term effects from operation of this alternative 

would occur over a period of three years. The possible short-term 

exposures that could result from implementation of this remedy are 

related to the following activities: 

to community and recovery well installation, vacuum enhanced 
workers: OU-II NAPL recovery and ground water 

treatment; and 

to community and the transportation of OU-II NAPL and other 
environment: wastes generated during well installation, 

transportation of recovered OU-II NAPL and 
discharge of treated ground water to the 
shallow aquifer at Harmon Yard. 

The only activity related to this alternative that requires subsurface soil to 

be discharged is the installation of air injection and vacuum enhanced 

NAPL recovery wells. This is the only work related to this alternative that 

might generate particulates (dust) but the potential risks are minor. Well 

drilling generally does not generate air emissions and the drill cuttings 

(i.e., subsurface soil removed to install the wells) are quickly containerized 

in drums at the site. As discussed in Section 7.6.1.7, drill cuttings would be 

disposed of in an off-site landfill. It was estimated that approximately 54 

tons of drill cuttings would be generated. This is the only solid waste that 

would be generated during construction of this remedy. Because no more 

than 5 trucks would be expected to leave the Site during construction of 

this alternative, the potential concerns associated with these short-term 

effects are minor. 

The air monitoring that is required during well drilling operations would 

identify the release of high concentrations of dust in the unlikely event 

that well drilling would generate particulate emissions, and dust control 
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measures, such as water sprays, would be implemented. Well drilling is a 

common remedial activity and would not be expected to generate 

unacceptable short-term risks to the community or to on-site workers. 

Vapors removed from subsurface soil by vacuum enhanced NAPL 

removal would be treated on-site using a knockout pot to remove 

particulates, mist and water vapor that may contain Site-related chemicals 

and by vapor phase activated carbon units that would remove organic 

compounds that may be present in the vapor removed during operations. 

As discussed in Section 7.6.1.6, OU-II NAPL is a degraded diesel fuel that 

is over 20 years old and it is likely that there are no measurable quantities 

of VOCs remaining in this material. The type of organic compounds 

typically found in degraded diesel fuel are generally heavy molecular 

weight petroleum compounds that are not volatile and would remain in a 

liquid phase. As a result, the air emissions from the vapors removed 

during vacuum enhanced NAPL removal would not be expected to pose 

unacceptable short-term risks even without treatment and the knockout 

pot and vapor phase activated carbon units to be used with this 

alternative would reduce or eliminate these already low short-term risks. 

This alternative also requires that approximately 500 gallons of ground 

water per day be pumped from the OU-II Site, treated and discharged to 

the shallow aquifer at Harmon Yard. As discussed in Section 4.4, OU-II 

ground water does not pose any current or future unacceptable risks to 

potential receptors. Ground water at and downgradient of Harmon Yard 

is not used as a source of drinking water. The amount of ground water 

that would be pumped, treated and discharged under this alternative, i.e., 

approximately 500 gallons per day, is minor and returning this treated 

ground water to the shallow aquifer at Harmon Yard would not pose any 

unacceptable risks. Unlike NAPL removal with ground water depression, 

which requires the discharge of 70,000 gallons of treated ground water to 

Croton Bay and the Hudson River every day, the discharge of 500 gallons 
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per day of treated ground water to the shallow aquifer required by this 

alternative would not pose any unacceptable risks to adjacent surface 

water. Moreover, most of the few Site-related chemicals that may be 

present in treated ground water under this alternative would accumulate 

in the sediment at the bottom of the dry wells to be used to recharge 

treated ground water. This accumulated sediment would be removed 

periodically for off-site disposal, further reducing the potential for short-

term effects from ground water pumping, treatment and discharge to the 

shallow aquifer that is required for this alternative. 

Potential short-term risks to the community could be posed by this 

alternative from transportation of liquid phase OU-II NAPL to an off-site 

disposal facilities. Automotive related injuries, as well as potential 

exposure of spilled material to the community and the environment along 

the transportation route would be potential concerns. It was estimated 

that this alternative would remove approximately 32,000 gallons of OU-II 

NAPL as a liquid phase during the first three years of operation. Vehicles 

transporting RCRA and TSCA regulated liquid waste carry an average 

load of approximately 3,000 gallons each. As a result, approximately 10 to 

15 vehicles would need to enter and leave the Site to transport liquid 

phase OU-II NAPL to an off-site RCRA and TSCA approved incinerator 

during the first three years of operation. This is a manageable number of 

vehicles and the potential short-term effects related to the transportation 

of wastes generated as part of this alternative are not significant. 

As discussed in Section 4.2.2, the existing data clearly demonstrates the 

following: (1) exposures to OU-II NAPL and to OU-II NAPL constituents 

have not occurred in the past; (2) there are no OU-II NAPL or OU-II 

NAPL constituent exposure pathways at the current time; and (3) it is very 

unlikely that such exposures will occur in the future. As a result, the 

presence of OU-II NAPL would not pose an unacceptable risk to human 

health or the environment during the two year time period that it is 
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expected would be required to design and construct the remedy. Once the 

vacuum enhanced NAPL recovery system has been installed and 

operation begins, movement of OU-II NAPL would be controlled and the 

potential migration of OU-II NAPL and- the risks associated with these 

pathways would be further minimized and possibly eliminated. 

In addition, there would be no short-term effects from the natural 

sediment deposition that is expected to occur in the OU-II Croton Bay 

sediment area that would address the presence of chemicals in this 

sediment related to past activities at Harmon Yard and from other 

sources, as discussed in Section 5.2.2. 

Implementabiliiy 

No special technologies, materials, or labor would be required to complete 

the work proposed under this alternative. On-site soil cover maintenance, 

on-site public well restrictions, air injection well, NAPL recovery well and 

ground water monitoring well installation, operation of the vacuum 

enhanced NAPL recovery system, NAPL disposal and ground water 

monitoring are proven technologies and are easily implementable from an 

engineering perspective. There are no unknown design factors or 

technological difficulties associated with any of the technologies identified 

above. There are numerous firms that are capable of designing, 

constructing and operating vacuum enhanced NAPL recovery systems. 

However, there is a moderate implementability concern associated with 

the recharge of treated ground water to the shallow aquifer at Harmon 

Yard. That is, sediment that accumulates at the bottom of the dry wells to 

be used to recover treated ground water could create an impervious layer, 

decreasing the rate at which ground water can be recharged. This concern 

would be addressed in this alternative by installing additional dry wells 

and by periodically removing the sediment that accumulates at the bottom 
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of the dry wells. The cost estimate for this alternative includes two 

additional dry wells and the periodic removal of accumulated sediment. 

As discussed in Sections 6.2 and 6.3, on-site access and use restrictions are 

currently maintained by Metro-North. These practices are to be 

formalized by the BMPs being developed for Metro-North as part of the 

Environmental Studies Project. As discussed in Section 5.2.1.1, all but a 

limited (i.e., a 100 foot by 20 foot area adjacent to OU-II NAPL Area L4) 

area of OU-II NAPL is located within the boundaries of the Harmon Yard 

property. As a result, the current and anticipated access and use 

restrictions maintained by Metro-North for Harmon Yard are 

implementable. As discussed in Sections 6.2 and 6.3, access to and use of 

the limited off-site OU-II NAPL Area L4 is restricted by its proximity to 

Harmon Yard, which would require Metro-North's approval for any 

subsurface excavation work in this area, and by the NYSDEC requirement 

(NYSDEC, 1993a) that a deed restriction be implemented for this 

Westchester County property that restricts future use of ground water in 

this area. These access and use restrictions are also implementable. 

In addition, there are no barriers to the implementability of natural 

sediment deposition in the OU-II Croton Bay sediment area. 

7.6.2.7 Cost 

The total capital and operation and maintenance (O&M) cost of 

Alternative V is approximately $1,881,032. The total capital cost for this 

alternative is approximately $1,381,782 and the total present worth of the 

O&M costs for this alternative is approximately $499,250. The capital cost 

includes a 45 percent increase over the base cost to address administrative, 

engineering and contingency costs. 
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As previously discussed, based on the extent of OU-II NAPL at the Site 

and the amount of NAPL that is recoverable using this technology, it was 

conservatively assumed that the majority of OU-II NAPL that can be 

removed within a limited time frame using vacuum enhanced NAPL 

recovery would be removed in approximately three years. The cost 

estimate provided in Appendix J, Table J-4 therefore assumes that vacuum 

enhanced NAPL recovery will be conducted for three years. 

The first year of O&M activities for the vacuum enhanced NAPL recovery 

systems would entail system start-up and troubleshooting. A one year 

start-up period is needed to ensure that the installation of the this system 

has been adjusted to Site conditions. Operation of vacuum enhanced 

NAPL recovery systems and NAPL removal with ground water 

depression systems are particularly sensitive to site conditions and 

effective operation requires that the contractor responsible for system 

installation also be responsible for adjusting the system for long-term 

operation. Because these activities are related to system installation, a 

capital activity, the first year of O&M was included in the capital costs 

identified in Appendix J, Table J^4. Consequently, the total O&M cost 

provided in Appendix J, Table J-4 includes two years of O&M costs. 

The present worth of the annual O&M costs includes operation of the 

vacuum enhanced NAPL recovery system (approximately $199,219 per 

year for 2 years), access restrictions (approximately $1,176 per year for 3 

years), site inspections (approximately $2,000 per year for 30 years) and 

ground water monitoring, referred to as a common action in the 

Appendix J cost tables (approximately $4,000 per year for 30 years). The 

present worth for all O&M costs was based on a discount rate of 7% in 

accordance with Revisions to OMB Circular A-94 on Guidelines and Discount 

Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 June 1993 

(USEPA, 1993a) and a 20% contingency. 
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As discussed above, it was conservatively assumed that vacuum enhanced 

NAPL recovery would take approximately 3 years to remove OU-II NAPL 

to the extent practicable and that access restrictions would be needed for 

that time period. In contrast, a 30-year time period was assumed for on

going (i.e., post-closure) O&M activities, such as ground water monitoring 

and site inspections. A 30 year ground water monitoring period was 

conservatively assumed based on the 30 year post-closure care period 

required for RCRA solid and hazardous waste units under federal 

regulation 40 CFR 264.117. However, RCRA (40 CFR 264.117(c)) also 

allows for a reduction in the 30-year time period provided Site inspection 

reports demonstrate that the site is secure. 

In accordance with the draft proposed NYSDEC Division Technical and 

Administrative Guidance Memorandum, Division Policy on Regular Review 

of Remedial Actions, (NYSDEC, 1995), annual site inspections would be 

conducted to evaluate the performance and effectiveness of the remedial 

action and the need for continued O&M at the Site. At the conclusion of 

these site inspections, the inspector would complete the "Hazardous 

Waste Site Annual Review Certification", recommend improvements to 

the remedial action or recommend that the site be delisted. Unlike 

CERCLA practices and the RCRA post-closure requirements (40 CFR 

264.117(c)), which recommend conducting inspections every five years 

after the remedy has been completed, NYSDEC recommends that 

inspections be conducted annually during and after implementation of the 

remedial action. As such, annual site inspections would provide an 

opportunity for termination of O&M at the Site. 

A detailed description of the Alternative V cost estimates is provided in 

Appendix J. 
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Section 8 

n 
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SELECTION OF A REMEDIAL ACTION ALTERNATIVE FOR OU-II 

This section uses the evaluation of remedial action alternatives presented in 

Section 7.0 to compare the proposed remedial action alternatives and to 

select a preferred remedial action alternative for the Site. The NCP (40 CFR 

300.430) and the NYSDEC guidance on the selection of remedial actions at 

inactive hazardous waste disposal sites (NYSDEC, 1990) require that 

alternatives be developed that protect human health and the environment 

by eliminating, reducing and controlling potential risks posed through each 

pathway at a site. As discussed in Section 5.0, two of the four environmental 

media evaluated at the Site pose potential risks to potential receptors 

through available pathways. These two media, identified as media of 

interest for the Site, are NAPL located around the former lagoon (i.e., OU-II 

NAPL) and Croton Bay sediment located in the vicinity of the Harmon 

Yard outfall (i.e., OU-II Croton Bay sediment). Discussion regarding 

selection of these media of interest for the Site and the remedial action 

objectives identified for the media of interest is provided in Section 8.1. 

With respect to developing remedial alternatives, the NCP provides for a 

review of remedial alternatives that: (1) involve little or no treatment but 

protect human health and the environment by preventing or controlling 

potential exposures to hazardous substances through engineering or 

institutional controls {40 CFR 300.430(e)(3)(ii)}; and (2) reduce the toxicity, 

mobility or volume of hazardous substances through treatment (40 CFR 

300.430(e)(3)(i)}. In addition, the NCP also requires that a no action 

alternative be developed and evaluated {40 CFR 300.430(e)(6)}. 

The No Action approach evaluated in this Feasibility Study in Alternative I 

complies with the NCP requirement to evaluate the applicability of not 

implementing additional remedial actions at the Site. Alternative II (N APL-

Only Removal), Alternative IV (Ground Water Depression) and Alternative 

ERM-Northeast 8 - 1 F:\DATA\PROIECTS\MNCROUIl\IS_TCXT\SECTJ.DOC 

file://F:/DATA/PROIECTS/MNCROUIl/IS_TCXT/SECTJ.DOC


V (Vacuum Enhanced NAPL Removal) comply with the NCP requirement 

to evaluate, where applicable, alternatives which protect human health and 

the environment through engineering or institutional controls and by 

reducing the toxicity or volume of hazardous substances. Alternative III 

(Excavation) relocates the hazardous substances at the OU-II Site to an off-

site landfill and complies with the NCP requirement to evaluate alternatives 

which protect human health and the environment through engineering or 

institutional controls. 

Vacuum enhanced NAPL removal has been demonstrated at a number of 

sites but it is a relatively new technology and may be considered an 

innovative treatment technology. The data presented in Sections 6.6 and 

7.6.1 indicate that vacuum enhanced NAPL removal would perform better 

and reduce to a greater extent adverse impacts from implementation than 

any of the other technologies evaluated in this feasibility study for the OU-II 

Site. Vacuum enhanced NAPL removal would also cost less than all but one 

of the technologies evaluated in this feasibility study. The cost to implement 

vacuum enhanced NAPL removal is higher than the cost of one of the 

technologies evaluated in this feasibility study, i.e., NAPL-only removal. 

Due to the applicability of the TSCA anti-dilution rule to the PCBs detected 

in OU-II NAPL and the subsequent need to comply with TSCA treatment 

and disposal requirements, the number of NAPL remedial technologies that 

could be used at the Site was limited to those permitted by TSCA for this 

waste. Because of the TSCA anti-dilution rule, TSCA requires that: (1) OU-II 

NAPL removed from the Site as a separate (i.e., liquid) phase be incinerated 

at a TSCA-approved facility; and (2) OU-II NAPL and associated subsurface 

soil removed from the Site as a single waste stream be disposed of in an off-

site TSCA-approved chemical waste landfill. However, the aerobic 

conditions created by vacuum enhanced NAPL removal and by 

biosparging, an optional polishing treatment technology included with 
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NAPL-only removal, would not result in the biodegradation of the PCBs in 

OU-II NAPL. As a result, these technologies would not treat PCBs and 

implementation of these technologies would not be subject to TSCA 

treatment restrictions. 

Each alternative was evaluated for the seven items identified in the NCP {40 

CFR 300.430(e)(9)} and in the NYSDEC TAGM guidance for the selection of 

remedial actions (NYSDEC, 1990) as performance criteria to be considered 

during the preparation of a feasibility study. The NCP and the NYSDEC 

TAGM guidance (NYSDEC, 1990) also require that alternatives be evaluated 

for community acceptance. Alternatives are to be evaluated for community 

acceptance after the NYSDEC has distributed a proposed plan and the 

proposed plan and feasibility study have been reviewed by the community. 

In accordance with the NCP (40 CFR 300.430(f)(l)(i)) and with the NYSDEC 

TAGM on the selection of remedial actions (NYSDEC, 1990), the first two 

performance criteria are considered threshold criteria. Remedial action 

alternatives that do not satisfy both of these criteria cannot be selected for 

use in remediating a site. That is, alternatives must comply with the 

following threshold criteria in order to be eligible for selection: (1) protect 

human health and the environment; and (2) comply with SCGs, unless a 

waiver is justified. The remaining five criteria are considered primary 

balancing criteria. These balancing criteria address the following issues: 

1. How will the remedial actions perform in the future (long-term 
effectiveness)? 

2. Does the alternative reduce the toxicity, mobility or volume of 
hazardous substances? 

3. Does the implementation of the alternative create adverse impacts 
(short-term effectiveness)? 

4. Can the alternative be implemented (implementability)? 
5. What is the total cost of the alternative? 
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Addressing these criteria for each alternative provided the comparative 

analysis by which a preferred remedial action alternative was selected. This 

comparative analysis or evaluation, emphasizes and compares the 

particular advantages or disadvantages of each alternative for specific 

criteria. This comparative evaluation is provided in Section 8.2 and is 

summarized in Table 8-1. 

Section 8.3 uses the conclusions drawn in Section 7.0 and summarized in 

Section 8.2 to compare alternatives and to select a preferred remedial action 

alternative. As part of this analysis, scoring of each alternative's ability to 

address the seven criteria defined in the NCP and in NYSDEC guidance 

(NYSDEC, 1990) was conducted in accordance with the NYSDEC TAGM 

guidance on the selection of remedial action alternatives (NYSDEC, 1990). 

Scoring sheets for each remedial action alternative are provided in 

Appendix L and a summary of the scores for the remedial action 

alternatives is presented in Table 8-2. 

8.1 MEDIA OF INTEREST AND REMEDIAL ACTION OBJECTIVES 

The OU-II RI characterized the following four environmental media: 

• soil along the former discharge line; 
• ground water in the vicinity of the former lagoon area; 
• sediment in Croton Bay near the outfall area for the former and the 

currently active Harmon Yard wastewater discharge lines (i.e., OU-II 
Croton Bay sediment); and 

• NAPL in the vicinity of the former lagoon (i.e., OU-II NAPL). 

Based upon the sampling results presented in Sections 2.0 and 3.0 and the 

results of the risk assessment conducted in Section 4.0, media of interest 

were selected for the Site and remedial action objectives were developed 

for the selected media of interest. A summary of the selection of the media 

of interest and the remedial action objectives developed in Section 5.0 for 
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each media of interest are provided below to assist in the comparative 

evaluation of the remedial action alternatives presented in Section 8.2. 

8.1.1 Soil Along the Former Discharge Line 

As discussed in Section 5.2, PCBs are the only NYSDEC RCRA hazardous 

waste material that have been identified in soil along the discharge line. 

Since the PCB concentration of all soil samples collected along the former 

discharge line was less than the NYSDEC PCB action level for subsurface 

soil of 10 mg/kg, and, as discussed in Section 3.2, the only other 

constituents found in this soil were generally petroleum-related, soil along 

the former discharge line has been eliminated as a media of interest for 

OU-II. The PCB action limit for subsurface soil of 10 mg/kg is defined in 

the OU-I ROD (NYSDEC, 1992) and in the NYSDEC TAGM for soil 

cleanup objectives (NYSDEC, 1994c). 

Instead, soil along the former discharge line, which contained chemicals 

similar to those detected in soil at Harmon Yard during the Field 

Investigation, will be addressed in accordance with the remedial 

requirements for soil at Harmon Yard that were defined in the Harmon 

Yard Remediation Plan (ERM, 1996). The Harmon Yard Remediation Plan 

(ERM, 1996) was approved by the NYSDEC on 3 July 1996 (NYSDEC, 

1996). Metro-North has already begun the implementation of the remedial 

program outlined in the Harmon Yard Remediation Plan (ERM, 1996) for 

soil, ground water and NAPL removal at Harmon Yard. The work is being 

performed under the jurisdiction of the former NYSDEC Division of Spills 

Management, now the Division of Environmental Remediation. 
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8.1.2 Ground Water in the Vicinity of the Former Lagoon Area 

OU-II ground water has been defined on page 6 of the Stipulation of 

Discontinuance (NYSDEC, 1994a) as that part of the saturated zone which 

has been impacted by discharges from the former Harmon Yard 

wastewater equalization lagoon. As discussed in Section 4.3, OU-II 

ground water does not pose any current or future unacceptable risks to 

potential receptors. As a result, ground water is not a media of interest for 

the Site. Although it is very unlikely that the concentrations of chemicals 

of concern in OU-II ground water will increase significantly in the future, 

ground water discharging from the former lagoon area will be monitored 

to ensure the continued protection of human health and the environment. 

That is, all of the alternatives evaluated in this feasibility study include the 

installation of a downgradient monitoring well and the periodic collection 

and analysis of a ground water sample from this well. 

8.1.3 OU-U Croton Bay Sediment 

Section 4.3 presented an evaluation of the potential risks associated with 

Croton Bay sediment. The sediment component of OU-II is defined on 

page 6 of the Stipulation of Discontinuance as the sediment in Croton Bay 

which has been adversely impacted by discharges and /o r releases from 

the former Harmon Yard wastewater equalization lagoon. The risk 

assessment concluded that Croton Bay sediment located in the vicinity of 

the Harmon Yard outfall (i.e., OU-II Croton Bay sediment) may be one of 

several sources of chemicals contributing to adverse impacts to benthic 

aquatic life and to human health and/or wildlife through 

bioaccumulation. OU-II Croton Bay sediment has therefore been retained 

as a media of interest. The assessment of the potential risks associated 

with OU-II sediment in Croton Bay presented in Section 4.2 of this report 

concluded that Harmon Yarci, the Croton Point Landfill and the Croton 
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River are all potential sources of the chemicals of concern that have been 

detected in OU-II Croton Bay sediment in concentrations exceeding the 

NYSDEC sediment criteria (NYSDEC, 1993a). 

8.1.4 OU-II NAPL 

Page 6 of the Stipulation of Discontinuance defines the NAPL component 

of OU-II as the separate hydrocarbon layer resulting from past releases 

from the former wastewater equalization lagoon and that is present on the 

water table surface and extends hydrogeologically downgradient of the 

lagoon. As shown on Figure 3-0, some of the OU-II NAPL areas now 

appear to be upgradient of the lagoon. However, Section 3.4.1 discusses 

the fact that although the ground water flow map indicates the present 

direction of ground water flow is to the northwest (i.e., toward the 

Hudson River), ground water probably flowed in a radial pattern 

emanating from the center of the lagoon area during the early stages of 

operation of this lagoon area as a wastewater equalization basin. 

The lagoon was initially constructed and operation of the lagoon was 

begun by a predecessor railroad. As sediment and other material settled 

out from the wastewater being equalized in the lagoon, a layer of sludge 

formed along the bottom of the lagoon. The laver of sludge that formed 

after the lagoon was in operation for some period of time formed a 

relatively impermeable liner that diminished the effects of the radial flow 

pattern over time. The radial ground water flow pattern during the initial 

years of operation would have reversed ground water flow in the area 

immediately adjacent to and upgradient of the lagoon. Remediation and 

closure of this lagoon area was completed in May 1996. As discussed in 

Section 4.2, the presence of OU-II NAPL on the water table poses potential 

risks to ground water and to surface water. OU-II NAPL also has the 

potential to migrate and impact soil and ground water in other areas. As 
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demonstrated in Section 4.2, exposures to and the risks associated with 

OU-II NAPL are very unlikely but they are at least theoretically possible. 

Section 5.2.1.4 presented an evaluation of the regulatory requirements for 

the removal of separate (i.e., liquid) phase OU-II NAPL. As discussed in 

that section, the OU-I ROD (NYSDEC, 1992), Article 12 of the New York 

State Navigation Law and the NCP require that separate phase OU-II 

NAPL be removed to the extent practicable. Because of the unlikely but 

theoretically possible risks related to OU-II NAPL and the regulatory 

requirements described above, OU-II NAPL has been retained as a media 

of interest. 

8.1.5 Suwniatif 

In summary, the evaluation of environmental media that was presented in 

Section 5.2 concluded that: 

• soil along the former discharge line does not contain PCBs in excess 
of the 10 mg/kg PCB action level, and, therefore, has been 
eliminated as an OU-II media of interest; 

• ground water in the vicinity of the lagoon does not pose any current 
or future unacceptable risks, and, therefore, has been eliminated as 
an OU-II media of interest; 

• OU-II Croton Bay sediment may be contributing to adverse impacts 
to benthic aquatic life and to human health a n d / o r wildlife through 
bioaccumulation, and, therefore, has been retained as an OU-II 
media of interest; and 

• based on the very unlikely but theoretically possible risks 
associated with OU-II NAPL and on regulatory requirements to 
remove NAPL to the extent practicable, it was concluded that OU-
II NAPL must be removed, to the extent practicable, and, as a 
result, OU-II NAPL has been retained as an OU-II media of interest. 
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Remedial action objectives were developed to address the potential risks 

posed by the selected OU-II media of interest for the Site, i.e., OU-II NAPL 

and OU-II Croton Bay sediment. The development of the remedial action 

objectives for OU-II NAPL and OU-II Croton Bay sediment was presented 

in Sections 5.2.1.5 and 5.2.2.4, respectively. As discussed in those sections, 

the remedial action objectives for the media of interest at the Site are: 

OU-II NAPL: The remedial action objectives for OU-II NAPL are as 

follows: 

• to prevent further off-site migration of OU-II NAPL; 
• to remove OU-II NAPL to the extent practical; and 
• to continue to prevent direct contact with subsurface OU-II NAPL 

in the vicinity of the former lagoon. 

OU-II Croton Bay Sediment: The remedial action objective for OU-II 

Croton Bay sediment is to allow continued deposition of additional 

sediment in the OU-II Croton Bay sediment area from the Hudson River 

and adjacent surface water bodies, referred to in this feasibility study as 

natural sediment deposition. 

8.2 COMPARATIVE EVALUATION OF THE OU-II REMEDIAL ACTION 

ALTERNATIVES 

Using the technologies selected in Section 6.0 to address the remedial action 

objectives that were defined in Section 5.2, the following OU-II remedial 

action alternatives were developed in Section 7.0 for the Site: 

Alternative I: No Action 

Alternative II: NAPL-Only Removal 

Alternative III: Excavation and Off-site Disposal of OU-II NAPL 

Alternative IV: NAPL Removal With Ground Water Depression 

alternative V: Vacuum Enhanced NAPL Removal 
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This section presents a comparison of the evaluation for the two threshold 

and five balancing criteria that was presented in Section 7.0 for each of the 

five OU-II remedial action alternatives. A summary of this comparison is 

provided in Table 8-1. The evaluation of alternatives presented in Section 

7.0 was also used to complete the scoring tables presented in the NYSDEC 

TAGM on the selection of remedial actions for hazardous waste sites 

(NYSDEC, 1990). These NYSDEC tables (work sheets) have been completed 

for each of the three OU-II remedial action alternatives and are included in 

this RI/FS as Appendix L. The NYSDEC tables and the evaluation criteria 

they are designed to evaluate are as follows: 

NYSDEC Table 5.2: Compliance with Applicable or Relevant and 

Appropriate New York State SCGs 

NYSDEC Table 5.3: Protection of Human Health and the Environment 

NYSDEC Table 5.4: Short-Term Effectiveness 

NYSDEC Table 5.5: Long-Term Effectiveness 

NYSDEC Table 5.6: Reduction of Toxicity, Mobility or Volume 

NYSDEC Table 5.7: Implementability 

A summary of the results (scores) for the five OU-II remedial action 

alternatives is presented on Table 8-2. As noted on Table 8-2, the seventh 

evaluation criteria, cost, is scored by assigning the lowest remedial action 

cost a score of 15 and the highest remedial action cost a score of 0. Other 

remedial action costs are scored proportionately with respect to the highest 

and the lowest remedial action cost scores. 

8.2.2 Overall Protection of Human Health and the Environment 

Protection of human health and the environment is measured by the ability 

of an alternative to address the remedial action objectives for the 

ERM-Northeast 8 - 1 0 F:\DATA\PRO\ECTS\K\NCROUU\rSJTEXT\SLCT_8.DOC 

file://F:/DATA/PRO/ECTS/K/NCROUU/rSJTEXT/SLCT_8.DOC


environmental media of interest at a site. The media of interest at the OU-II 

Site are OU-II NAPL and OU-II Croton Bay sediment. As previously 

discussed, protection of human health and the environment and compliance 

with SCGs (discussed in Section 8.2.2) are threshold criteria. That is, an 

alternative must adequately protect human health and the environment and 

comply with SCGs in order to be considered for selection as a preferred 

remedial action alternative for a site. 

Each alternative, except Alternative I (No Action), is protective of human 

health and the environment by eliminating, reducing or controlling risks 

through: (1) engineering and institutional controls; and (2) the removal and 

subsequent treatment or disposal of OU-II NAPL. Since Alternative I (No 

Action) does not eliminate, reduce or control the potential exposure 

pathways for OU-II NAPL, it is not protection of human health and the 

environment. As discussed in Section 4.2, OU-II NAPL does not at the 

present time pose any unacceptable risks to human health or the 

environment. The risk that potential receptors such as workers or the 

Hudson River will be exposed to OU-II NAPL in the future is extremely 

remote but it is at least theoretically possible. Since Alternative I (No 

Action) does not address these potential risks, it is not protective of human 

health and the environment and will not be considered for selection as the 

preferred remedial action alternative for the OU-II Site. 

A summary of the evaluation of this criteria (i.e., overall protection of 

human health and the environment) for each of the remaining alternatives 

(i.e., Alternatives II through V) is presented in Table 8-1. 

Institutional controls, such as the access and use restrictions included in 

Alternative II (NAPL-Only Removal), Alternative IV (NAPL Removal With 

Ground Water Depression) and Alternative V (Vacuum Enhanced NAPL 

Removal), minimize direct contact with OU-II NAPL. Engineering controls, 
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such as the NAPL recovery trench and sheeting in OU-II NAPL Area LI 

included in Alternative II (NAPL-Only Removal), Alternative IV (NAPL 

Removal With Ground Water Depression) and Alternative V (Vacuum 

Enhanced NAPL Removal) and the liners and covers in the off-site landfill 

used in Alternative III (Excavation), would reduce the risk that OU-II NAPL 

will migrate off-site or be exposed in the future. Thus, Alternatives II 

through V minimize and possibly eliminate the risk of direct contact or 

other exposures to OU-II NAPL. 

Treatment of OU-II NAPL, combined with institutional and engineering 

controls, provides a higher degree of protection to human health and the 

environment. Treatment of OU-II NAPL, defined as the destruction of OU-

II NAPL, reduces the toxicity, mobility or volume of OU-II NAPL. 

Treatment permanently removes the material from the environment, which 

increases the long-term effectiveness and permanence of the remedy. 

Alternative II (NAPL-Only Removal), Alternative IV (NAPL Removal With 

Ground Water Depression) and Alternative V (Vacuum Enhanced NAPL 

Removal) remove NAPL as a liquid phase and transport it off-site for 

incineration. Alternative V (Vacuum Enhanced NAPL Removal) also 

removes petroleum hydrocarbons, the primary constituent of OU-II NAPL, 

through biodegradation. It was estimated that there is approximately 

153,000 gallons of OU-II NAPL present at the Site. The approximate amount 

of OU-II NAPL that each alternative is expected to permanently destroy 

through incineration and biodegradation (only Alternative V: Vacuum 

Enhanced NAPL Removal) is as follows: 

Alternative NAPL Removed 
(gallons) 

% of NAPL 
Removed No. Description 

NAPL Removed 
(gallons) 

% of NAPL 
Removed 

II NAPL-Only Removal 30,000 20% 
IV Ground Water Depression 46,000 30% 
V Vacuum Enhanced NAPL Removal 107,000 70% 
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Alternative III (Excavation) will relocate OU-II NAPL from the Site to an 

off-site landfill. None of the OU-II NAPL would be destroyed if this 

alternative were to be selected. The ability of Alternative III (Excavation) to 

protect human health and the environment would depend on the adequacy 

and reliability of the institutional and engineering controls implemented at 

the off-site landfill to control the waste disposed of at the landfill. 

All of the alternatives, including Alternative I (No Action), include natural 

sediment deposition in Croton Bay, which adequately addresses the 

remedial action objective for Croton Bay sediment. 

Since all of the alternatives except Alternative I (No Action) adequately 

protect human health and the environment, a score of 20 out of 20 available 

points was assigned to each of these alternatives for this criterion. A score of 

12 out of 20 available points was assigned to Alternative I (No Action) for 

this criterion (i.e., protection of human health and the environment). Table 

8-2 presents a summary of the scores assigned to each alternative. Refer to 

Appendix L for copies of the scoring work sheets for each alternative. 

8.2.2 Compliance with SCGs 

The introduction to the most recent revision of the NYSDEC TAGM on the 

selection of remedial actions at inactive hazardous waste sites (NYSDEC, 

1990) states that an alternative which does not meet SCGs or if a waiver to a 

SCG is not appropriate or justified, should not be considered further. 

Alternatives that do not satisfy the SCGs identified for a remedial action 

alternative based on the NYSDEC list of SCGs (NYSDEC, 1993d) would not 

be considered for implementation at a site. As previously discussed, 

compliance with SCGs and protection of human health and the 

environment (discussed in Section 8.2.1) are threshold criteria which an 

alternative must satisfy to be considered for implementation at a site. 
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Table 5-1 contains a list of potential SCGs and TBCs for current Site 

conditions and for the remedial actions that were considered in Section 7.0. 

Compliance with SCGs determines whether an alternative satisfies 

regulatory and risk management requirements. As discussed in Section 5.0, 

To Be Considered information, or TBCs, do not have the same weight as 

SCGs and, thus, remedial action alternatives do not have to comply with 

TBCs to be considered for implementation at a site. In accordance with 

NYSDEC procedures, TBCs have been identified as regulations and 

guidance documents not identified in the NYSDEC listing of SCGs 

(NYSDEC, 1993d). 

Section 5.1 identified SCGs and TBCs related to OU-II NAPL and OU-II 

Croton Bay sediment. The primary SCG related to OU-II NAPL is the NCP, 

which requires that cleanup of a discharge of oil and hazardous substances 

be fully sufficient to minimize or mitigate threats to public health and 

welfare and the environment. The NCP states at 40 CFR 300.310(b) that 

appropriate actions be taken to recover the oil and mitigate its effects. 

Section 5.1 also identified two TBCs, i.e., Article 12 of the New York State 

Navigation Law and the OU-I ROD (NYSDEC, 1992), which also require 

that potential risks related to OU-II NAPL be addressed. As discussed in 

Section 4.2, OU-II NAPL does not at the present time pose any unacceptable 

risks to human health or the environment. The risk that potential receptors 

such as workers or the Hudson River will be exposed to OU-II NAPL in the 

future is extremely remote but it is at least theoretically possible. 

Alternative I (No Action) does not provide for the removal or the 

containment of OU-II NAPL and, as a result, does not comply with the 

NCP, a NYSDEC SCG, or with the TBC information identified in Table 5-1 

that require the removal of NAPL, i.e., Article 12 of the New York State 

Navigation Law and the OU-I ROD (NYSDEC, 1992). 
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The manner in which the remaining four alternatives (i.e., Alternatives II 

through V) comply with the SCG and TBC information that requires the 

removal of NAPL is discussed as follows: 

Alternative II (NAPL-Only Removal): This alternative uses NAPL-only 
recovery wells to remove NAPL from the OU-II Site and transport it off-site 
for incineration. This alternative is expected to remove about 20% of the 
NAPL present at the Site during the more productive initial period of 
operation, estimated to be about three years in duration. In addition, this 
alternative includes a NAPL recovery trench to be installed along the 
downgradient boundary of Harmon Yard, i.e., the northwest boundary of 
OU-II NAPL Area LI. This engineering control, which would prevent off-
site migration of NAPL, and the NAPL-only removal systems, would satisfy 
the regulatory requirement to eliminate or mitigate the already low risks 
associated with the OU-II NAPL present at the Site. 

Alternative III (Excavation): This alternative requires: (1) the excavation of 
OU-II NAPL and the soil that would be removed with OU-II NAPL (i.e., 
associated subsurface soil); and (2) the subsequent transportation and 
disposal of this material in an off-site landfill. This alternative would 
remove 100% of the NAPL present at the Site. This material (i.e., OU-II 
NAPL and associated subsurface soil) would not be treated or destroyed 
but would be relocated to a lined and covered RCRA and TSCA approved 
off-site landfill. The engineering and institutional controls that would be 
implemented at the off-site landfill, such as the liners and covers used to 
construct the off-site landfill and the deed restrictions limiting future use, 
would eliminate or mitigate the already low risks associated with the OU-II 
NAPL present at the Site. 

Alternative IV (NAPL Removal with Ground Water Depression): This 
alternative uses ground water depression (i.e., pumping) and NAPL-only 
recoverv wells to remove NAPL from the OU-II Site. The NAPL recovered 
by this alternative would be transported off-site and incinerated. The 
ground water pumped from the Site by this alternative would be treated 
on-site and discharged to the Croton Bay and Hudson River. This 
alternative is expected to remove about 30% of the NAPL present at the Site 
during the more productive initial period of operation, estimated to be 
about three and one half years in duration. In addition, this alternative 
includes a NAPL recovery trench to be installed along the downgradient 
boundary of Harmon Yard, i.e., the northwest boundary of OU-II NAPL 
Area LI. This engineering control, which would prevent off-site migration 
of NAPL, and the ground water depression NAPL removal system would 
satisfy the regulatory requirement to minimize the already low risks 
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associated with the OU-II NAPL present at the Site. The risks associated 
with the discharge of treated ground water to Croton Bay and the Hudson 
River would be managed to some degree through on-site treatment. 

Alternative V (Vacuum Enhanced NAPL Removal): This alternative uses a 
vacuum to remove NAPL and a small amount of ground water from the 
OU-II Site. This alternative uses two methods to remove OU-II NAPL. OU-
II NAPL would either be biodegraded in place or removed as a liquid phase 
and transported off-site for incineration. The relatively small amount of 
ground water pumped from this Site would be treated on-site and 
discharged to the shallow aquifer at Harmon Yard. This alternative is 
expected to remove about 70% of the NAPL present at the Site during the 
more productive initial period of operation, estimated to be about three 
years in duration. In addition, this alternative includes sheeting to be 
installed along the downgradient boundary of Harmon Yard, i.e., the 
northwest boundary of OU-II NAPL Area LI. This engineering control, 
which would prevent off-site migration of NAPL, would satisfy the 
regulatory requirement to eliminate or mitigate the already low risks 
associated with the OU-II NAPL present at the Site. The relatively low risks 
associated with the discharge of treated ground water to the shallow aquifer 
at Harmon Yard would be managed through on-site treatment and by the 
natural attenuation that would occur in the shallow aquifer. 

The majority of the remaining SCGs and TBCs related to OU-II NAPL that 

were identified in Section 5.1 and Table 5-1 define requirements for 

hazardous and non-hazardous waste treatment, storage, transportation and 

disposal. Since Alternative I (No Action) does not include removal or 

disposal of OU-II NAPL, the remaining SCGs and TBCs are not applicable 

or relevant and appropriate to this alternative. The remaining alternatives 

(i.e., Alternatives II through V) do include removal and disposal of OU-II 

NAPL and the SCGs and TBCs that would be applicable or relevant and 

appropriate to these actions are discussed for each of these four alternatives 

in Section 7.0. To summarize, Section 7.0 demonstrated that the remaining 

alternatives would be designed to comply with these SCGs and TBCs. The 

remedial actions which are governed by these SCGs and TBCs, which the 

remaining alternatives would be designed to comply with, are as follows: 

• worker health and safety during implementation of the remedy; 
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• treatment, storage, transportation and disposal of waste material 
generated by the remedial actions; 

• ambient (i.e., off-site) air quality during implementation of the remedy; 
and 

• ground water and surface water discharge limits. 

The NYSDEC guidance on the selection of remedial actions at inactive 

hazardous waste sites (NYSDEC, 1990) and the NCP, through the 1986 

amendments to CERCLA, contain requirements that preference be given to 

remedies that permanently reduce the toxicity, mobility or volume of 

hazardous substances, pollutants or contaminants. Alternatives II, IV and V 

include technologies that treat OU-II NAPL. These treatment technologies 

comply with the preference for remedies that permanently reduce the 

toxicity, mobility or volume of Site-related chemicals. Alternative II (NAPL-

Only Removal), Alternative IV (NAPL Removal with Ground Water 

Depression) and Alternative V (Vacuum Enhanced NAPL Removal) call for 

the removal of OU-II NAPL as a liquid phase and incineration of this 

material at an off-site facility. In addition, Alternative V causes the 

petroleum constituents that comprise the majority of OU-II NAPL to 

biodegrade in place. Based on available sampling data for OU-II NAPL, it 

was assumed that incineration of this material would be performed at an 

off-site RCRA and TSCA permitted incinerator. Since incineration and 

biodegradation (for Alternative V) would destroy the organic constituents 

that comprise OU-II NAPL, these alternatives would comply with the 

preference for permanent remedies contained in these SCGs, i.e., the 

NYSDEC TAGM (NYSDEC, 1990) and the NCP. Alternative II (NAPL-only 

Removal) and Alternative IV (NAPL Removal with Ground Water 

Depression) are expected to permanently remove and destroy 

approximately 20% and 30% of the total amount of OU-II NAPL present at 

the Site, respectively. Alternative V (Vacuum Enhanced NAPL Removal) is 

expected to destroy approximately 70% of the total amount of OU-II NAPL 

present at the Site. 
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Alternative III (Excavation) calls for the excavation of OU-II NAPL and 

associated subsurface soil as a combined waste stream and disposal of this 

material in an off-site land disposal facility. Based on available sampling 

data for OU-II NAPL, it was assumed that this material would be disposed 

of at a RCRA and TSCA permitted chemical waste landfill. Since this 

alternative does not destroy the compounds in OU-II NAPL and relies 

solely on containment, Alternative III does not comply with the preference 

for permanent remedies contained in these SCGs, i.e., the NYSDEC TAGM 

(NYSDEC, 1990) and the NCP. However, as noted in the NYSDEC TAGM 

(NYSDEC, 1990) and the NCP, the inability of a remedial action alternative 

to satisfy this preference does not automatically preclude its use at a site. 

Alternative IV (Ground Water Depression) would require that 

approximately 70,000 gallons of ground water be pumped from the Site 

each day. Alternative V (Vacuum Enhanced NAPL Removal) would require 

that only about 500 gallons of ground water be pumped from the Site each 

day. Metro-North is required by a NYSDEC Consent Decree to divert 

wastewater from the Harmon Yard wastewater treatment plant to the 

Ossining wastewater treatment plant that is owned and operated by 

Westchester County. The Westchester County Department of 

Environmental Facilities has advised Metro-North that the Ossining 

treatment plant would not accept any ground water pumped from Harmon 

Yard, including the OU-II Site. 

Because of the quantity of ground water to be pumped under Alternative IV 

(Ground Water Depression), this alternative includes on-site treatment and 

discharge to Croton Bay and the Hudson River. The conceptual approach 

used in this alternative for ground water treatment and discharge, as 

described in Section 7.5.1.6, is designed to comply with the surface water 

standards contained in 6 NYCRR Part 703.5. Alternative V (Vacuum 

Enhanced NAPL Removal) is expected to generate a small amount of 
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ground water (i.e., approximately 500 gallons per day). Because of the 

limited amount of ground water that this alternative would generate, on-

site treatment and discharge of this ground water to the shallow aquifer at 

Harmon Yard is feasible. The conceptual approach used in this alternative 

for ground water treatment and discharge, as described in Section 7.6.1.6, is 

designed to comply with the ground water standards contained in 6 

NYCRR Part 703.5. A waiver may be needed to comply with ground water 

standards for iron and manganese. The potential risks of ground water 

treatment and discharge for these two alternatives are summarized in 

Section 8.2.5. 

The need to address OU-II Croton Bay sediment was identified in 

accordance with the NYSDEC guidance on contaminated sediment 

(NYSDEC, 1993a), which was identified in Section 5.1 as an SCG for the Site. 

All five OU-II remedial action alternatives include natural sediment 

deposition in the OU-II Croton Bay sediment area, which, as discussed in 

Section 8.2.1, adequately addresses the potential risks resulting from this 

environmental media. As a result, all five OU-II remedial action alternatives 

comply with this SCG. 

All five OU-II remedial action alternatives were scored for their ability to 

comply with SCGs using the procedure established by the NYSDEC 

(NYSDEC, 1990). Refer to Appendix L for copies of the scoring work sheets 

for each alternative. In Table 5.2 of the NYSDEC TAGM on the selection of 

remedial action alternatives for hazardous waste sites (NYSDEC, 1990), the 

agency establishes a total of 10 points for this criteria (i.e., compliance with 

SCGs). The NYSDEC Table 5.2 characterizes SCGs as chemical, action or 

location specific. The SCG scores for the alternatives are discussed below. 

All five OU-II remedial action alternatives comply with chemical and 

location specific SCGs. The chemicals in OU-II NAPL do not pose 
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unacceptable risks to human health or the environment at the current time 

and, as discussed in Section 4.4, OU-II NAPL constituents in ground water 

also do not pose unacceptable risks to human health or the environment. In 

addition, all five OU-II remedial action alternatives include natural 

sediment deposition, which would address the chemicals in OU-II Croton 

Bay sediment which exceeded the chemical-specific SCG for sediment, i.e., 

the NYSDEC guidance on contaminated sediment (NYSDEC, 1993a). As a 

result, all five OU-II remedial action alternatives comply with the chemical 

and location specific SCGs for the OU-II site identified in Section 5.1. 

Alternative I (No Action), however, does not comply with the requirements 

contained in the NCP, a NYSDEC SCG, to remove or contain NAPL to the 

extent practicable. As a result, Alternative I (No Action) does not comply 

with the NCP, a NYSDEC action-specific SCG, or with the TBCs related to 

NAPL removal, i.e., Article 12 of the New York State Navigation Law and 

the OU-I ROD (NYSDEC, 1992). Based on this information, Alternative I 

(No Action) was assigned a score of 7 out of 10 available points on NYSDEC 

Table 5.2, Compliance with SCGs. Refer to Appendix L for copies of the 

scoring work sheets for each alternative. 

The primary focus of Alternatives II through V is to remove and contain 

OU-II NAPL to the extent practicable. As a result, Alternatives II through V 

comply with the NCP, an action-specific NYSDEC SCG, and with the TBCs 

related to NAPL removal, i.e., Article 12 of the New York State Navigation 

Law and the OU-I ROD (NYSDEC, 1992). Based on this information, 

Alternatives II through V were both assigned scores of 10 out of 10 available 

points on NYSDEC Table 5.2, Compliance with SCGs. Refer to Appendix L 

for copies of the scoring work sheets for each alternative. Table 8-2 presents 

a summary of the scores assigned to each alternative. 

8.2.3 Long-Term Effectiveness and Permanence 
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Long-term effectiveness and permanence is measured by the magnitude of 

the residual risk and the adequacy and reliability of controls. As discussed 

in Section 7.2.2.1, the possibility that OU-II NAPL or NAPL constituents 

could pose unacceptable risks to human health or the environment is very 

unlikely but is at least theoretically possible. 

The current exposure and migration risks related to OU-II NAPL are 

minimal and can be addressed by containing and removing OU-II NAPL. 

Alternatives II, IV and V include measures to prevent direct contact with 

OU-II NAPL. The measures to prevent direct contact included in these 

alternatives are: (1) maintaining the 10 to 20 feet of soil that currently 

covers OU-II NAPL; (2) prohibiting the installation of on-site water supply 

wells in OU-II NAPL areas; (3) maintaining the existing Metro-North 

subsurface work practices; and (4) implementing the BMPs to be 

developed by Metro-North for subsurface work. Alternative III 

(Excavation) relies on the operation of an off-site landfill to prevent direct 

contact with OU-II NAPL. 

Alternatives II through V remove from 20% to 100% of the 153,000 gallons 

of OU-II NAPL estimated to be present at the Site. The NAPL removal, 

NAPL containment, and the off-site disposal of NAPL provided by these 

alternatives would provide an adequate degree of protection to human 

health and the environment for the Site over the long-term. The amount of 

OU-II NAPL that each alternative is expected to remove is as follows: 

Alternative % NAPL 
Removed 

Amount of NAPL 
Removed (gallons) 

Alternative II (NAPL-Only Removal) 20% 30,000 gallons 
Alternative III (Excavation) 100% 153,000 gallons 
Alternative IV (Ground Water Depression) 30% 46,000 gallons 
Alternative V (Vacuum Enhanced NAPL Removal) 70% 107,000 gallons 
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Alternatives II through V would each accomplish the following: 

• reduce any potential long term risks attributable to OU-II NAPL at the 
Site; 

• be reliable in removing OU-II NAPL from the Site; 
• prevent the very unlikely possibility that OU-II NAPL will migrate off-

site in the future; and 
• continue to prevent direct contact with subsurface OU-II NAPL. 

The primary focus of Alternative III (Excavation) is the relocation of OU-II 

NAPL to an off-site landfill. Although the long-term effectiveness and 

permanence of this alternative in reducing risks at the OU-II Site are 

adequate, the reliability of the off-site landfill facility to be used in this 

alternative for the disposal of the OU-II NAPL to be excavated from the 

Site would depend on the methods used to operate and close this off-site 

landfill facility. As discussed in Section 7.4.2.3, the potential reliability 

problems associated with the continuous operation of off-site landfills are 

related to the practice of co-disposing waste materials and the time period 

before final closure. Since the OU-II NAPL would remain untreated, the 

proper operation and closure of the off-site landfill used for disposal of 

OU-II NAPL in this alternative is critical to prevent exposure to OU-II 

NAPL in the future. 

Alternatives II, IV and V rely on the removal of OU-II NAPL as a liquid 

phase and the incineration of this material at an off-site incinerator. 

Alternative V (Vacuum Enhanced NAPL Removal) also relies on the in-

situ biodegradation of the petroleum constituents that comprise the 

majority of OU-II NAPL to address the potential long-term risks related to 

these chemicals. As shown above, the vacuum removal methods and the 

in-situ biodegradation enhanced by Alternative V enable this alternative 

to remove from 2 to 3 times the quantity of NAPL that can be removed by 

Alternatives II (NAPL-Only Removal) and IV (Ground Water Depression). 

Incineration and biodegradation would permanently destroy the 
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petroleum constituents that comprise the majority of OU-II NAPL. 

Incineration would also permanently destroy the PCBs that have been 

detected in OU-II NAPL. Incineration and biodegradation are the most 

effective long-term approaches to OU-II NAPL. In addition, the NAPL 

removal trenches included in Alternatives II and IV and the sheeting 

included in Alternative V will prevent the migration of NAPL from OU-II 

NAPL Area LI to off-site areas. 

The five OU-II remedial action alternatives were scored for their long-term 

effectiveness and permanence using the procedure established by the 

NYSDEC (NYSDEC, 1990). Refer to Appendix L for copies of the scoring 

work sheets for each alternative. In Table 5.5 of the NYSDEC TAGM on the 

selection of remedial action alternatives for hazardous waste sites 

(NYSDEC, 1990), the agency establishes a total of 15 points for this criteria. 

Alternative I (No Action) is not a permanent remedy, will not satisfy the 

remedial action objectives and leaves more than 50 percent of the untreated 

waste at the Site. Since there are no controls included in this alternative, the 

adequacy of Alternative I (No Action) to be protective was characterized as 

"Somewhat to not confident" using the rating system provided in NYSDEC 

Table 5.5. Based on this information, Alternative I (No Action) was assigned 

a score of 6 out of 15 available points for this criteria (i.e., long-term 

effectiveness and permanence). 

The information presented in Section 7.0 regarding the manner in which 

Alternatives II through V remove and contain OU-II NAPL, the degree to 

which OU-II NAPL is removed and the number of years required for this 

amount of NAPL to be removed was used to assign a NYSDEC score for 

long-term effectiveness and permanence for each of these alternatives. The 

scores assigned to these alternatives ranged from 9 to 11 out of 15 available 

points for NYSDEC Table 5.5, Long-Term Effectiveness and Permanence. 
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Refer to Appendix L for copies of the scoring work sheets for each 

alternative. Table 8-2 presents a summary of the scores assigned to each 

alternative for this criteria. 

The score for Alternative III (Excavation), determined using the procedures 

established by NYSDEC (NYSDEC, 1990), does not take into account that 

Alternative III relocates OU-II NAPL constituents to an off-site landfill and, 

thus, the overall long-term effectiveness and permanence of Alternative III 

(Excavation) will depend on the operation and final closure of the off-site 

landfill to be used for disposal of OU-II Site waste material. 

In addition, natural sediment deposition is a component of each of the five 

OU-II remedial action alternatives. The NYSDEC concluded, with respect 

to sediment in Croton Bay impacted by the adjacent Croton Point Landfill, 

that the long-term effectiveness and permanence of natural sediment 

deposition, as measured by the residual risk and the adequacy and 

reliability of this approach, would be acceptable. This conclusion is also 

applicable to OU-II Croton Bay sediment. 

8.2.4 Reduction of Toxicity, Mobility or Volume 

This criteria evaluates the ability of each alternative to reduce the toxicity, 

mobility or volume of OU-II NAPL. As discussed in Section 5.2.1.2, OU-II 

NAPL is primarily comprised of petroleum constituents (i.e., diesel fuel) 

and contains PCBs and inorganic constituents such as chromium, lead and 

arsenic. It was estimated in Section 5.2.1.1 that there is approximately 

153,000 gallons of OU-II NAPL present at the Site. 

As discussed in Section 7.2.2.4, Alternative I (No Action) would have no 

effect on the current toxicity or mobility of OU-II NAPL and would have 

only a minimal effect on the volume of OU-II NAPL. 
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Alternative II (NAPL-Only Removal) and Alternative IV (Ground Water 

Depression) include the removal of OU-II NAPL as a liquid phase and the 

off-site incineration of this material. Alternative V (Vacuum Enhanced 

NAPL Removal) also includes the removal and incineration of liquid 

phase OU-II NAPL but, in addition, this alternative also enhances the in-

situ biodegradation of the petroleum constituents in OU-II NAPL. 

Incineration and biodegradation would completely destroy the petroleum 

constituents that comprise the majority of OU-II NAPL. Incineration 

would also destroy the PCBs that have been detected in OU-II NAPL. The 

relatively low concentrations of inorganic constituents present in OU-II 

NAPL would be handled with the ash that would be derived from the 

incineration of this material. Ash from TSCA-approved incinerators is 

disposed of in a chemical waste landfill in accordance with the TSCA 

permit for each TSCA-approved incineration facility. 

As a result, these alternatives would permanently reduce the toxicity, 

mobility and volume of the following amounts of OU-II NAPL: 

Alternative % NAPL 
Removed 

Amount of NAPL 
Removed (gallons) 

Alternative II (NAPL-Only Removal) 20% 30,000 gallons 
Alternative IV (Ground Water Depression) 30% 46,000 gallons 
Alternative V (Vacuum Enhanced NAPL Removal) 70% 107,000 gallons 

The installation of NAPL recovery trenches, recoverv wells, air injection 

wells and ground water monitoring wells included with these alternatives 

would generate relatively small quantities of OU-II NAPL and associated 

subsurface soil. This material would be disposed of in an off-site landfill. 

This would not affect the toxicity or volume but it would reduce the 

mobility of the chemicals in this relatively limited amount of waste 

material. 
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However, Alternative IV (Ground Water Depression) would spread OU-II 

NAPL below the normal water table, leading to an increase in the overall 

mobility of NAPL constituents in the future. In addition, the need to 

pump and treat approximately 70,000 gallons of ground water per day 

and discharge this ground water to Croton Bay and the Hudson River will 

increase the mobility of the chemicals that remain in treated ground 

water. 

The ground water treatment residuals that would be generated by 

Alternative IV (Ground Water Depression) and Alternative V (Vacuum 

Enhanced NAPL Removal) would be disposed of in an off-site landfill. 

This would not affect the toxicity or volume but it would reduce the 

mobility of the chemicals in these ground water treatment residual wastes. 

Alternative III (Excavation) would remove OU-II NAPL and associated 

subsurface soil containing OU-II NAPL constituents from the Site and 

would relocate this material to an off-site landfill. As a result, Alternative 

III would have no affect on the toxicity or the volume of the chemicals that 

comprise OU-II NAPL. Since the mobility of OU-II NAPL in the past has 

been shown to be limited (refer to Section 5.2.1.1) and migration of OU-II 

NAPL in the future is unlikely, the reduction in the mobility of OU-II 

NAPL constituents that would occur after off-site landfill disposal (i.e., 

after Alternative III is implemented) would be minor. 

Natural sediment deposition in the OU-II Croton Bay sediment area, 

which is a component of all three remedial action alternatives, would have 

no affect on the toxicity or volume of chemicals in this sediment. 

However, the mobility of chemicals in OU-II Croton Bay sediment would 

be reduced as sediment from adjacent surface water bodies covers and 

contains OU-II Croton Bay sediment. 
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The five OU-II remedial action alternatives were scored for their ability to 

reduce the toxicity, mobility or volume of hazardous waste. Alternatives 

were scored for this criteria using the procedure established by the 

NYSDEC (NYSDEC, 1990). Refer to Appendix L for copies of the scoring 

work sheets for each alternative. In Table 5.6 of the NYSDEC TAGM on the 

selection of remedial action alternatives for hazardous waste sites 

(NYSDEC, 1990), the agency establishes a total of 15 points for this criteria. 

The information presented in Section 7.0 regarding the degree to which 

Alternatives II through V reduce the toxicity, mobility or volume of the 

chemicals in OU-II N APL was used to assign a NYSDEC score for this 

criterion for each of these alternatives. The scores assigned to these 

alternatives ranged from 0 to 11 out of 15 available points for NYSDEC 

Table 5.6, Reduction of Toxicity, Mobility or Volume. Refer to Appendix L 

for copies of the scoring work sheets for each alternative. Table 8-2 presents 

a summary of the scores assigned to each alternative for this criterion. 

Alternative I (No Action) does not reduce the toxicity or the mobility of OU-

II NAPL constituents and would have only a minor effect on the volume of 

OU-II NAPL. Based on this evaluation, Alternative I (No Action) was 

assigned a score of 0 out of 15 available points for this criterion (i.e., 

reduction of toxicity, mobility or volume). 

Alternative II (NAPL-Only Removal) and Alternative IV (Ground Water 

Depression) remove approximately 20% to 30% of the liquid phase NAPL 

present at the Site, respectively. Although the liquid phase NAPL removed 

by these alternatives would be incinerated off-site, implementation of these 

alternatives would not affect the toxicity, mobility or volume of 70% to 80% 

of the liquid phase OU-II NAPL at the Site. Using the rating system 

presented in NYSDEC Table 5.6, these alternatives were assigned a score of 
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8 out of 15 available points for their ability to reduce the toxicity, mobility or 

volume of NAPL constituents. 

Alternative V (Vacuum Enhanced NAPL Removal) would permanently 

remove, through off-site incineration and in-situ biodegradation, 

approximately 70% of the NAPL present at the Site. This information was 

used with the NYSDEC rating system to assign this alternative a score of 11 

out of 15 available points for its ability to reduce the toxicity, mobility and 

volume of NAPL constituents. 

Alternative III (Excavation) removes OU-II NAPL and associated 

subsurface soil from the Site and transports it for disposal at an off-site 

landfill. There is no destruction, treatment or immobilization of OU-II 

NAPL that would be removed from the Site if this alternative were 

implemented. Consequently, this alternative would not reduce the toxicity 

or volume of NAPL constituents. If the off-site landfill where this material 

would be disposed of is properly operated and closed, there might be a 

slight reduction in the mobility of NAPL constituents if this alternative were 

implemented. However, as discussed in Section 4.2, OU-II NAPL 

constituents are not migrating at the present time and are unlikely to 

migrate in the future. Since Alternative III (Excavation) would have little, if 

any, effect on mobility and would not reduce the toxicity or volume of 

NAPL constituents, this alternative was assigned a score of 0 out of 15 

available points for this criterion (i.e., reduction in toxicity, mobility or 

volume). 

8.2.5 Short-Term Effectiveness 

Short-term effectiveness refers to the potential effects and related risks 

associated with the implementation of the remedy. As discussed in Section 

4.2, OU-II NAPL does not at the present time pose any unacceptable risks 
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to human health or the environment. As a result, potential short-term 

risks associated with implementation of a remedy would only occur 

during the period when remedial actions would be performed. Since there 

are no remedial actions proposed for the Alternative I (No Action), there are 

no short-term effects associated with this alternative. 

In comments on the draft Feasibility Study, the NYSDEC has established the 

time required for an alternative to remediate the Site as a key factor to be 

used in the evaluation of alternatives. In order to compare the ability of each 

of these technologies to remove NAPL and to comply with the NYSDEC 

requirement to consider the length of time needed for each technology to 

remove NAPL, the amount of NAPL that each alternative technology could 

remove in a relatively short time period (i.e., three to four years) was 

estimated. The amount of NAPL that each alternative could remove in a 

relatively short time period was used in previous sections to evaluate each 

alternative. The operating periods for these alternatives that were used in 

this analysis are as follows: 

ALTERNATIVE OPERATING PERIOD 

(years) 
Alternative II (NAPL-Only Removal) 3.0 
Alternative III (Excavation) 1.0 
Alternative IV (Ground Water Depression) 3.5 
Alternative V (Vacuum Enhanced NAPL Removal) 3.0 

Potential short-term effects, then, are limited to the 1.0 to 3.5 year operating 

period for these four alternatives. Potential short-term effects from 

implementation of these alternatives can be summarized as follows: 

• air emissions; 
• transportation risks (i.e., accidents and spills); 
• surface water discharge; and 
• ground water discharge. 
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Excavation of soil containing OU-II NAPL can generate air emissions if soil 

particles and other material (i.e., dust) is released into ambient air. 

Alternative V (Vacuum Enhanced NAPL Removal) only requires the 

installation (drilling) of wells and drilling operations would not release dust 

or soil into ambient air. Alternative II (N APL-Only Removal) includes the 

removal of 198 cubic yards of NAPL and soil to install a NAPL recovery 

trench and Alternative IV (Ground Water Depression) includes the removal 

of 1,200 cubic yards of NAPL and soil to install three NAPL recovery 

trenches. Some of this material would not contain OU-II NAPL constituents 

and would be used on-site but could still generate dust. The removal of 

NAPL and soil could release dust into ambient air. The potential for these 

activities to generate air emissions increases as the amount of NAPL and 

soil is increased. As a result, the potential for air emissions is greater for 

Alternative IV than for Alternative II. 

Alternative III (Excavation) includes the excavation of 23,000 cubic yards of 

material, of which approximately 9,000 cubic yards would require off-site 

disposal. Consequently, Alternative III (Excavation) poses the greatest 

potential for dust and soil to be released into ambient air during the one 

year operating period this alternative would require. 

Transportation risks such as accidents or spills are also related to the 

amount of material to be transported off-site for disposal. Alternative III 

(Excavation) includes the transportation of the greatest amount of material 

from the Site to an off-site disposal facility. The potential short-term 

transportation risk posed by Alternative III (Excavation), then, is greater 

than the potential short-term risk posed by Alternatives II, IV or V. 

Alternative IV (Ground Water Depression) is the only alternative that 

requires that treated ground water pumped during operation of the NAPL 

removal system be discharged to Croton Bay and the Hudson River. 
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Approximately 70,000 gallons of ground water would be pumped, treated 

and discharged every day if this alternative were to be implemented. The 

only available discharge option for this quantity of ground water is Croton 

Bay and the Hudson River. Treatment does not remove 100% of all ground 

water constituents and, as a result, some of the chemicals in OU-II ground 

water, including petroleum hydrocarbons, PCBs and inorganic constituents, 

will eventually be discharged to sediment areas in Croton Bay and the 

Hudson River. Some of these chemicals will settle and accumulate in the 

sediment in these areas. The accumulation of chemicals from treated ground 

water in the sediment in these surface water areas could lead to adverse 

short-term effects on aquatic life exposed to these sediments and to human 

health from the ingestion of aquatic life. 

Alternative V (Vacuum Enhanced NAPL Removal) also requires that some 

ground water by pumped from the Site every day. However, this 

technology would only pump about 500 gallons of ground water per day. 

This relatively limited amount of ground water can be treated on-site and 

discharged to the shallow aquifer at Harmon Yard. This would not 

adversely impact ground water quality at Harmon Yard. 

To summarize, air emissions during excavation activities can be controlled 

by an air monitoring program, dust suppression methods and personal 

protection equipment. Transportation risk are limited but they are random 

and difficult to control. Similarly, the potential short-term effects on 

sediment from the discharge of treated ground water to Croton Bay and the 

Hudson River required under Alternative IV (Ground Water Depression) 

would be difficult to control. Potential risks related to ground water 

discharged to the shallow aquifer at Harmon Yard, required under 

Alternative V (Vacuum Enhanced NAPL Removal), would be minimal and 

no adverse impacts are anticipated. 

ERM-Northeast 8 - 3 1 F:\DATA\PROIECTS\MKaiOUIl\rS_TCXT\SECT_8.DOC 

file://F:/DATA/PROIECTS/MKaiOUIl/rS_TCXT/SECT_8.DOC


There would be no short-term effects from natural sediment deposition in 

the OU-II Croton Bay sediment area, which is a component of all five 

remedial action alternatives. 

The five OU-II remedial action alternatives were scored for their short-term 

effectiveness using the procedure established by the NYSDEC (NYSDEC, 

1990). Refer to Appendix L for copies of the scoring work sheets for each 

alternative. In Table 5.4 of the NYSDEC TAGM on the selection of remedial 

action alternatives for hazardous waste sites (NYSDEC, 1990), the agency 

establishes a total of 10 points for this criteria. Table 8-2 presents a summary 

of the scores assigned to each alternative for this criterion. 

Since Alternative I (No Action) only includes ground water and NAPL 

monitoring but does not include the implementation of any remedial 

actions, there are no potential short-term effects and, as a result, this 

alternative was assigned a score of 10 out of 10 available points for this 

criterion (i.e., short-term effectiveness). The short-term effects associated 

with Alternative II (NAPL-Only Removal), Alternative III (Excavation) and 

Alternative V (Vacuum Enhanced NAPL Removal) are similar and can be 

controlled or mitigated by air monitoring, dust suppression, recharge dry 

well sediment removal and other measures, as summarized above. Based 

on this information, the rating system presented in NYSDEC Table 5.4 was 

used to assign a score of 8 out of 10 available points for this criterion for 

each of these three alternatives (i.e., Alternatives II, III and V). Because of 

the potential short-term effects for Alternative IV (Ground Water 

Depression) associated with the discharge of treated ground water to 

Croton Bay and the Hudson River, this alternative was assigned a score of 6 

out of 10 available points for this criterion, which is slightly lower than the 

scores assigned to the other alternatives evaluated in this feasibility study. 
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8.2.6 hnplementability 

Implementability concerns are related to potential technical and 

institutional problems associated with a remedial action alternative. Since 

Alternative I (No Action) only includes ground water and NAPL 

monitoring but does not include the implementation of any remedial 

actions, there are no implementability concerns associated with this 

alternative. 

No special technologies, materials, or labor would be required to complete 

the work proposed under Alternatives II through V. On-site soil cover 

maintenance, on-site public well restrictions, recovery well and ground 

water well installation, trench installation, NAPL recovery and disposal, 

soil and NAPL excavation and off-site disposal, ground water treatment 

and discharge, and ground water monitoring are proven technologies and 

are easily implementable from an engineering perspective. There are no 

unknown design factors or technological difficulties associated with any 

of the technologies used in these alternatives. 

Alternative IV (Ground Water Depression) requires that 70,000 gallons of 

ground water be pumped from the Site, treated and discharged to surface 

water every day. It is expected that it will be extremely difficult to obtain 

regulatory and public approval to discharge this treated ground water to 

Croton Bay and the Hudson River on a daily basis for the three year 

operating period anticipated for this alternative. 

The only potential barrier to the implementation of Alternative III 

(Excavation) is the need to obtain permission from Westchester County to 

excavate the limited amount of OU-II NAPL that is present beyond the 

Harmon Yard property boundary in OU-II NAPL Area L4. 
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There are no barriers to the implementability of natural sediment 

deposition in the OU-II Croton Bay sediment area, which is a component 

of all five remedial action alternatives. 

The five OU-II remedial action alternatives were scored for this criteria 

(implementability) using the procedure established by the NYSDEC 

(NYSDEC, 1990). Refer to Appendix L for copies of the scoring work sheets 

for each alternative. In Table 5.7 of the NYSDEC TAGM on the selection of 

remedial action alternatives for hazardous waste sites (NYSDEC, 1990), the 

agency establishes a total of 15 points for this criteria. 

The rating system presented in NYSDEC Table 5.7 was used to assign a 

score of 12 out of 15 available points for Alternative I (No Action) for this 

criterion (i.e., implementability). The information on the implementability of 

each alternative, as discussed in Section 7.0 and as summarized above, was 

used with the NYSDEC Table 5.7 rating system to assign a score of 14 out of 

an available 15 points for Alternative II (N APL-Only Removal) and 

Alternative V (Vacuum Enhanced NAPL Removal). These alternatives pose 

no technical or regulatory implementability concerns. The difficulties 

anticipated in obtaining regulatory and public approval for the discharge of 

70,000 gallons of treated ground water to Croton Bay and the Hudson River 

every day, as required for Alternative IV (Ground Water Depression), 

resulted in an implementability score for this alternative of 12 out of 15 

available points. Similarly, the need to obtain permission from Westchester 

County to excavate the limited amount of off-site NAPL in OU-II NAPL 

Area L4, as required for Alternative III (Excavation) resulted in an 

implementability score for this alternative of 11 out of 15 available points. A 

summary of the implementability scores for each alternative is presented in 

Table 8-2. 
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8.2.7 Cost 

Detailed cost estimates for all five alternatives are presented in Appendix J. 

A summary of the total capital, annual operation and maintenance (O&M) 

and present worth costs for each alternative is presented in Table 8-1. The 

total present worth costs and the NYSDEC score for each alternative, as 

discussed below, are as follows: 

Alternative Total Present 
Worth Cost 

NYSDEC 
Cost Score 

Alternative I (No Action) $104,260 15 
Alternative II (NAPL-Only Removal) $1,281,150 13 
Alternative III (Excavation) $9,396,450 0 
Alternative IV (Ground Water Depression) $5,236,310 7 
Alternative V (Vacuum Enhanced NAPL Removal) $1,881,030 12 

The five OU-II remedial action alternatives were scored for this criteria 

(cost) using the procedure established by the NYSDEC (NYSDEC, 1990). 

Refer to Appendix L for copies of the scoring work sheets for each 

alternative. The NYSDEC TAGM on the selection of remedial action 

alternatives for hazardous waste sites (NYSDEC, 1990) establishes a total of 

15 points for this criteria. In accordance with NYSDEC guidance, the 

alternative with the lowest cost, i.e., Alternative I (No Action), was given a 

score of 15 out of 15 available points and the alternative with the highest 

cost, i.e., Alternative III (Excavation), was given a score of 0 out of 15 

available points. Using the procedures established in the NYSDEC TAGM 

(NYSDEC, 1990), the remaining alternatives (i.e., Alternatives II, IV and V) 

were proportionally scored with respect to the other two alternatives. For 

example, the cost score for Alternative II (NAPL-Only Removal) was 

computed as follows: 

Alternative II (NAPL-Only Removal) Cost Score = 

15 x ($9.396 million - $1.281 million) 
$9,396 million 

12.95 
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Based on this analysis, the cost scores for the five alternatives evaluated in 

this feasibility study were computed using the approach shown above. A 

summary of the scores assigned to each alternative for this criterion (i.e., 

cost) were listed earlier in this subsection with the total present worth costs 

for each alternative. A summary of the NYSDEC scores for this criterion is 

also presented in Table 8-2. 

8.2.8 Summary: Evaluation of Alternatives 

This section provides a summary of the evaluation of the alternatives 

developed in this feasibility study for the two threshold and five balancing 

criteria identified in the NCP (40 CFR 300.430) and in the NYSDEC 

guidance for the selection of remedial actions at inactive hazardous waste 

sites (NYSDEC, 1990). As noted in Sections 8.2.1 and 8.2.2, Alternative I (No 

Action) is not protective of human health and the environment and does not 

comply with all of the SCGs identified in Section 5.1 and Table 5-1. As a 

result, Alternative I (No Action) was not considered for selection as a 

preferred remedial action alternative for the OU-II Site. The following is a 

summary of the key issues identified for the two threshold and five 

balancing criteria evaluated in this feasibility study for the five remedial 

action alternatives for the Site. 

Protection of Human Health and the Environment 

• Alternative I (No Action) does not address all of the remedial action 
objectives for the Site and is not protective of human health and the 
environment. 

• Alternatives II through V protect human health and the environment 
and address all of the remedial action objectives for the Site. 
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Compliance with SCGs 

• Alternative I (No Action) does not comply with all of the SCGs or TBC 
information identified in Section 5.1 and Table 5-1 as applicable or 
relevant and appropriate to the Site. 

• Alternatives II through V comply with all of the SCGs or TBC 
information identified in Section 5.1 and Table 5-1 as applicable or 
relevant and appropriate to the Site. 

Long-Term Effectiveness and Permanence 

• Alternative I (No Action) would not satisfy the remedial action 
objectives for OU-1I NAPL and would leave almost all of the waste at 
the Site. As a result, there is a risk that Alternative I (No Action) would 
not be permanent and its effectiveness over the long-term is 
questionable. 

• Alternatives II through V would provide an adequate level of protection 
over the long term. The degree to which these alternatives would protect 
human health and the environment over the long-term is based on the 
amount of OU-II NAPL removed and the methods used to dispose of 
this material. Alternative V (Vacuum Enhanced NAPL Removal) is the 
most permanent and effective approach and uses off-site incineration 
and in-situ biodegradation to permanently remove 70% of the OU-II 
NAPL present at the Site. Alternative II (NAPL-Only Removal) and 
Alternative IV (Ground Water Depression) use off-site incineration to 
remove 20% and 30% of the OU-II NAPL present at the Site, 
respectively. Consequently, the long-term effectiveness and permanence 
of these alternatives are less than that of Alternative V (Vacuum 
Enhanced NAPL Removal). Alternative III (Excavation) only removes 
OU-II NAPL from the Site and transfers it to an off-site landfill. This 
alternative would not destroy any of the constituents in OU-II NAPL 
and its long-term effectiveness and permanence is less than that of 
Alternatives II, IV or V. 

• Alternative IV (Ground Water depression): (1) spreads NAPL through 
the saturated zone and increases the risk that NAPL would adversely 
impact ground water quality in the future; and (2) discharges 70,000 
gallons per day of treated ground water to Croton Bay and the Hudson 
River. These factors could adversely affect the long-term effectiveness 
and permanence of this remedy. 
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Reduction in Toxicity, Mobility or Volume 

• Alternative I (No Action) would not reduce the toxicity or mobility and 
would have little, if any, affect on the volume of OU-II NAPL. 

• Alternative III (Excavation) would have no affect on the toxicity or 
volume but may reduce the mobility of OU-II NAPL. 

• Alternative V (Vacuum Enhanced NAPL Removal) would permanently 
destroy 70% of the OU-II NAPL present at the Site. Alternative II 
(NAPL-Only Removal) and Alternative IV (Ground Water Depression) 
would permanently destroy 20% and 30%, respectively, of the NAPL 
present at the Site. 

• Alternative IV (Ground Water Depression) would discharge 70,000 
gallons per day of treated ground water to Croton Bay and the Hudson 
River and would spread NAPL below the normal water table. These 
actions would increase the mobility of OU-II NAPL and OU-II NAPL 
constituents. 

Short-Term Effectiveness 

• These are no potential short-term effects associated with Alternative I 
(No Action). 

• The potential short-term effects of air emissions associated with 
Alternatives II through V can be controlled by dust suppression 
measures, vapor control units and personal protective equipment. 
Alternative III (Excavation) requires the excavation of a significant 
amount of material and the potential short-term effects are significantly 
higher for this alternative. 

• Alternative IV (Ground Water Depression) requires the discharge of 
70,000 gallons per day of treated ground water to Croton Bay and the 
Hudson River, which may adversely impact sediment quality in these 
areas. 

Implementability 

• Alternative I (No Action) only includes ground water and NAPL 
monitoring but does not include the implementation of any remedial 
actions. Consequently, there are no implementability concerns related to 
this alternative. 
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• There are no technical implementability concerns associated with 
Alternatives II through V. 

• There are no regulatory or institutional implementability concerns 
associated with Alternative II (NAPL-Only Removal) or Alternative V 
(Vacuum Enhanced NAPL Removal). 

• Permission is needed from Westchester County to excavate a limited off-
site portion of OU-II NAPL Area L4, which may pose a barrier to the 
implementation of Alternative III (Excavation). 

• It is expected that it will be extremely difficult to obtain regulatory 
approval for the discharge of treated ground water to Croton Bay and 
the Hudson River that is required by Alternative IV (Ground Water 
Depression). 

Cost 

• The total present worth cost of the five alternatives evaluated in this 
feasibility study, listed from lowest to highest cost, is as follows: 

Alternative Total Present 
Worth Cost 

Alternative I (No Action) $104,260 
Alternative II (NAPL-Only Removal) $1,281,150 
Alternative V (Vacuum Enhanced NAPL Removal) $1,881,030 
Alternative IV (Ground Water Depression) $5,236,310 
Alternative III (Excavation) $9,396,450 

NYSDEC Evaluation Scores 

The scores assigned to each alternative using the procedures established in 
the NYSDEC TAGM on the selection of remedial action alternatives 
(NYSDEC, 1990) are listed in Table 8-2. The total scores for the five 
alternative evaluated in this feasibility study are as follows: 

Alternative Total NYSDEC Score 

Alternative I (No Action) 62 
Alternative II (NAPL-Only Removal) 82 
Alternative V (Vacuum Enhanced NAPL Removal) 60 
Alternative IV (Ground Water Depression) 72 
Alternative III (Excavation) 85 
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SELECTION OF A PREFERRED REMEDIAL ACTION ALTERNATIVE 

Alternative V (Vacuum Enhanced NAPL Removal) is selected in this 

feasibility study as the preferred remedial action alternative for the OU-II 

Site based on: (1) a review of the evaluation presented in this feasibility 

study for each of the five alternatives; (2) the score assigned to each 

alternative using the NYSDEC rating procedure (NYSDEC, 1990); (3) the 

time required to remediate the Site to the extent practicable; and (4) the total 

present worth cost of each alternative. Specifically, Alternative V (Vacuum 

Enhanced NAPL Removal) is selected in this feasibility study as the 

preferred remedial action alternative for the following reasons: 

2. Alternative V (Vacuum Enhanced NAPL Removal) provides the greatest 

degree of protection to human health and the environment and it 

complies with all of the SCGs and TBC information identified in Section 

5.1 and Table 5-1. Alternative V (Vacuum Enhanced NAPL Removal), 

then, satisfies the two threshold criteria (i.e., protection of human health 

and the environment and compliance with NYSDEC SCGs). 

2. Alternative V (Vacuum Enhanced NAPL Removal) would permanently 

destroy 70% of the NAPL present at the Site. Alternative I (No Action) 

and Alternative III (Excavation) do not destroy any of the NAPL that is 

present at the Site. Alternative II (NAPL-Only Removal) and Alternative 

IV (Ground Water Depression) only destroy 20% and 30% of the NAPL 

present at the Site, respectively. Consequently, Alternative V (Vacuum 

Enhanced NAPL Removal) would be more effective over the long-term 

and would be more permanent than any of the other alternatives 

evaluated in this feasibility study. Similarly, the reduction of toxicity, 

mobility or volume of OU-II NAPL is greater for Alternative V (Vacuum 

Enhanced NAPL Removal) than for any of the other alternatives 

evaluated in this feasibility study. The discharge of ground water to 
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surface water and the spreading of NAPL below the normal water table 

would adversely affect the long-term effectiveness and permanence of 

Alternative IV (Ground Water Depression). 

3. Alternative V (Vacuum Enhanced NAPL Removal) does not pose any 

short-term effects. Alternative III (Excavation) poses potential adverse 

short-term effects from dust and other fugitive emissions during 

excavation. Alternative IV (Ground Water Depression) poses potential 

short-term effects from the discharge of 70,000 gallons per day of treated 

ground water to Croton Bay and the Hudson River. 

4. These are no technical or regulatory implementability concerns 

associated with Alternative V. The need for access approvals from 

Westchester County may interfere with the implementation of 

Alternative III (Excavation). The need to obtain regulatory and public 

approval to discharge ground water to Croton Bay and the Hudson 

River will most likely pose a serious barrier to the implementation of 

Alternative IV (Ground Water Depression). 

5. Alternative V (Vacuum Enhanced NAPL Removal) would remove the 

majority (i.e., approximately 70%) of the NAPL present at the Site in 

approximately 3.0 years. This is similar to the 3.0 and 3.5 year operating 

periods required for Alternative II (NAPL-Only Removal) and 

Alternative IV (Ground Water Depression), respectively, and is only 2.0 

years more than the time needed for Alternative III (Excavation). 

6. Alternative V (Vacuum Enhanced NAPL Removal) is the most cost-

effective approach to the removal of NAPL for the Site. The cost of 

Alternative V is approximately 30% higher than the cost of the least 

expensive viable alternative, i.e., Alternative II (NAPL-Only Removal), 

but would remove from 3.5 times the amount of NAPL that Alternative 
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II would remove. The cost for each of the four alternatives that satisfy 

the NCP and NYSDEC threshold criteria to remove a gallon of OU-II 

NAPL is as follows: 

Alternative NAPL 
Removed 
(gallons) 

Cost Cost Per 
Gallon 
($/gaL) 

No. Description 
NAPL 

Removed 
(gallons) 

Cost Cost Per 
Gallon 
($/gaL) 

II NAPL-Only Removal 30,000 $1,281,150 $42.70 
III Excavation 153,000 $9,396,450 $61.40 
IV Ground Water Depression 46,000 $5,236,310 $113.80 
V Vacuum Enhanced NAPL Removal 107,000 $1,881,030 SI 7.60 

As shown above, the cost for other alternatives to remove a gallon of 

NAPL ranges from 2.4 to 6.5 times the cost for Alternative V (Vacuum 

Enhanced NAPL Removal) to remove a gallon of OU-II NAPL. 

In conclusion, Alternative V (Vacuum Enhanced NAPL Removal) provides 

the greatest degree of protection to human health and the environment and 

is the most permanent remedy evaluated in this feasibility study. This 

alternative results in the greatest reduction in the toxicity, mobility and 

volume of OU-II NAPL and there are no significant short-term effects or 

implementability concerns associated with the construction and operation 

of this alternative. In addition, the operating period required for Alternative 

V (Vacuum Enhanced NAPL Removal) is only 3.0 years. Alternative V 

(Vacuum Enhanced NAPL Removal) is also the most cost-effective 

alternative evaluated in this feasibility study, as determined through a 

comparison of the cost for each alternative to permanently destroy each 

gallon of OU-II NAPL. For these reasons, Alternative V (Vacuum Enhanced 

NAPL Removal) is selected in this feasibility study as the preferred 

remedial action alternative for the OU-II Site. 
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Table 5-1 Pagel of 3 

Potential New York State Standards, Criteria and Guidelines (SCGs) 
Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

CITATION DESCRIPTION TYPE REASON FOR LISTING 

STANDARDS, CRITERIA AND GUIDELINES (SCGS) U> 

6 NYCRR Part 364 Waste Transporter 
Permits 

Action May relate to management of 
NAPL that is recovered from 
subsurface areas in the vicinity of 
the former lagoon 

6 NYCRR Part 370 
through 373 

Hazardous Waste 
Management Regulations 

Action, 
Chemical 

May relate to management of 
NAPL that is recovered from 
subsurface areas in the vicinity of 
the former lagoon 

6 NYCRR Part 376 Land Disposal 
Restrictions 

Action, 
Chemical 

May relate to management of 
NAPL that is recovered from 
subsurface areas in the vicinity of 
the former lagoon 

6 NYCRR Part 375 Inactive Hazardous 
Waste Disposal Site 
Remedial Program 

Action May relate to all Site remedial 
activities 

TAGM HWR-90-4030 Selection of Remedial 
Actions at Inactive 
Hazardous Waste Sites 

Action May relate to all Site remedial 
activities 

TAGM HWR-89-4031 Fugitive Dust 
Suppression and 
Particulate Monitoring 
Program at Inactive 
Hazardous Waste Sites 

Action May relate to excavation 
activities at the Site 

TSCA; 40 CFR 761 PCB cleanup policy; 
PCB treatment criteria; 
PCB storage requirements; 
and 
PCB waste disposal 
methods 

Action, 
Chemical 

May relate to management of 
NAPL containing PCBs that is 
recovered from subsurface areas 
in the vicinity of the former 
lagoon 

OSHA; 29 CFR 1910 Guidelines and 
Requirements for 
Workers at Hazardous 
Waste Sites (Subpart 120) 
and Standards for Air 
Contaminants (Subpart 1) 

Action May relate to certain remedial 
Site activities 

NYSDEC Technical 
Guidance for Screening of 
Contaminated Sediment 

Sediment screening 
guidance document 

Chemical May relate to remedial 
requirements for Croton Bay 
sediment 
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Table 5-1 Page 2 of 3 

Potential New York State Standards, Criteria and Guidelines (SCGs) 
Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

CITATION DESCRIPTION TYPE REASON FOR LISTING 

NYSDEC Fish and 
Wildlife Impact Analysis 
for Inactive Hazardous 
Waste Sites 

Ecological assessment 
guidance document. 

Action, 
Chemical 

May relate to remedial 
requirements for Croton Bay 
sediment 

Integrated Risk 
Information System (IRIS) 

USEPA database 
containing toxicity data 
for various chemicals. 

Chemical May relate to all Site remedial 
activities 

USEPA Risk Assessment 
Guidance for Superfund 
(RAGS) Volume I, Human 
Health Evaluation 
Manual, Part A 

Baseline risk assessment 
guidance document. 

Action, 
Chemical 

May relate to all Site remedial 
activities 

6 NYCRR Part 703.5 NYSDEC Water Quality 
Standards, Surface Water 
and Ground Water 

Action, 
Chemical 

May relate to the discharge of 
treated ground water to Croton 
Bay and the Hudson River or to 
the shallow aquifer at Harmon 
Yard 

To BE CONSIDERED (TBC) INFORMATION (2) 

Article 12 of the NYS 
Navigation Law (New 
York Oil Spill, Control and 
Compensation Act 

Requires Cleanup and 
Removal of Petroleum 
Discharges to the 
Environment 

Action, 
Chemical 

May relate to presence of NAPL 
that in the vicinity of the former 
lagoon 

6 NYCRR Part 611 Environmental Priorities 
and Procedures in 
Petroleum Cleanup and 
Removal 

Action May relate to management of 
NAPL that is recovered from 
subsurface areas in the vicinity of 
the former lagoon 

40 CFR 300 National Contingency 
Plan, Subpart D, 
Operational Response 
Phases for Oil Removal 

Action, 
Chemical 

May relate to presence of NAPL 
that in the vicinity of the former 
lagoon 

OSHA; 29 CFR 1926 Safety and Health 
Regulations for 
Construction 

Action May relate to certain remedial 
Site activities 

NYSDEC OU-I ROD The September 1992 
NYSDEC Record of 
Decision for the Harmon 
Railroad Yard 
Wastewater Treatment 
Area, Operable Unit I 

Action, 
Chemical 

May relate to all Site remedial 
activities 
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Table 5-1 Page 3 of 3 

Potential New York State Standards, Criteria and Guidelines (SCGs) 
Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

CITATION DESCRIPTION TYPE REASON FOR LISTING 

NYSDEC ROD The March 1993 NYSDEC 
Record of Decision for the 
Croton Point Landfill 
(NYSDEC Site Number 
360001) 

Action, 
Chemical 

May relate to the management of 
sediment in the OU-II Croton 
Bay sediment area. 

NYSDEC TOGS 1.1.1 Ambient Water Quality 
Standards and Guidance 
Values 

Action, 
Chemical 

May relate to the discharge of 
treated ground water to Croton 
Bay and the Hudson River or to 
the shallow aquifer at Harmon 
Yard 

GLOSSARY OF ACRONYMS 

CFR Code of Federal Regulations 
NYSDEC New York State Department of Environmental Conservation 
NYCRR New York Code of Rules and Regulations 
OSHA Occupational Safety and Health 
ROD Record of Decision 
SCG Standards, Criteria and Guidance 
TBC To Be Considered Information 
TSCA Toxic Substances Control Act 
USEPA U. S. Environmental Protection Agency 

Notes: 

(1) SCGs were obtained from the NYSDEC Index, Volumes I, II and III, New York State Standards, 
Criteria and Guidelines, revised 12/93. 

(2) TBCs are defined in this report as regulations and guidance documents that are not identified in the 
NYSDEC Index, Volumes I, II and III, New York State Standards, Criteria and Guidelines, revised 
12/93, but that may be relevant and appropriate to remedial actions evaluated for the Site. 
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Page 1 of 1 

Table 5-2 

TCLP Analyses ofNAPL Samples 
Metro-North OU-II, Harmon Yard, New York 

NAPL Area LI L2 L3 L4 RCRATCLP 

Regulatory 

Level 

Well No. WB-9 WB^l WB-2 WB-5 

RCRATCLP 

Regulatory 

Level Sample Date 2/22/91 6/13/91 2/22/91 2/22/91 

RCRATCLP 

Regulatory 

Level 

Inorganic Compounds 

Arsenic 7.3 NA <5.0 <5.1 5 

Barium 40.2 NA 28.6 ' 9.6 100 
Cadmium <0.005 NA 0.33 <0.28 1 

Chromium 109 33 13.8 7.0 5 

Lead 131 3.0 3.1 <2.8 5 

Mercury <0.07 NA 0.076 <0.062 0.2 
Selenium <5.4 NA <5.0 <5.7 1 

Silver <0.71 NA <0.66 <0.68 5 

Organic Compounds 

Benzene <24 NA <46 <22 0.5 
Carbon tetrachloride <24 NA <45 <22 0.5 
Chlorobenzene <24 NA <46 <23 100 
Chloroform <23 NA <48 <22 6 
1,4-DichIorobenzene <110 NA <50 <54 7.5 

1,2-Dichloroethane <26 NA <49 <25 0.5 

1,1-Dichloroethylene <23 NA <48 <22 0.7 

Methyl ethyl ketone <53 NA <99 <54 200 

Tetrachloroethylene <25 NA <47 <25 0.7 
Trichloroethylene <25 NA <45 <24 0.5 
Vinyl chloride <46 . NA <90 <44 0.2 
O-Cresol <24 NA <22 <24 200 
M-Cresol <20 NA <27 <20 200 

P-Cresol <33 NA <20 <29 200 
Pentachlorophenol <40 NA <47 <200 100 

2,4,5-Trichlorophenol <24 NA <20 <26 400 
2,4,6-TrichIorophenol <20 NA <20 <30 2 

Hexachlorobenzene <24 NA <20 <20 0.13 

HexachIoro-l,3-butadiene <20 NA <20 <20 0.5 
Pyridine <20 NA <20 <26 5 

2,4-Dinitrotoluene <20 NA <20 <22 0.13 

Hexachloroethane <22 NA <20 <20 3 

Nitrobenzene <26 NA <21 <21 2 

Notes: 

All concentrations presented in mg/1. 
NA: parameter was not analyzed 

l I Shaded bold numbers indicate a concentration at or above TCLP regulatory levels. 
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Table 5-3 

NAPL Recharge To Monitoring Wells 
Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

Monitoring 

Well 

Number 

Initial 

NAPL 

Thickness 

After 5 Minutes After 10 Minutes After 15 Minutes Monitoring 

Well 

Number 

Initial 

NAPL 

Thickness 

NAPL % NAPL NAPL % NAPL NAPL % NAPL 

Monitoring 

Well 

Number 

Initial 

NAPL 

Thickness Thickness Recovered Thickness Recovered Thickness Recovered 

NAPL AREA LI 

WB-9 1.81 0.52 28.73% 0.66 36.46% 0.71 39.23% 
NAPL AREA L2 

WB-4 0.70 0.22 31.43% 0.23 32.86% 0.22 31.43% 
NAPL AREA L3 

WB-2 0.94 0.41 43.62% 0.51 54.26% 0.60 63.83% 
NAPL AREA L4 

MW-1S 0.70 0.12 17.14% 0.19 27.14% 0.31 44.29% 
WB-5 1.13 0.47 41.59% 0.47 41.59% 0.50 44.25% 

Monitoring 

Well 

Number 

Initial 

NAPL 

Thickness 

After 30 Minutes After 60 Minutes Monitoring 

Well 

Number 

Initial 

NAPL 

Thickness 

NAPL % NAPL NAPL % NAPL 

Monitoring 

Well 

Number 

Initial 

NAPL 

Thickness Thickness Recovered Thickness Recovered 

NAPL AREA LI 
WB-9 1.81 0.86 47.51% 1.07 59.12% 

NAPL AREA L2 

WB-4 0.70 0.21 30.00% 0.23 32.86% 

NAPL AREA L3 

WB-2 0.94 0.67 71.28% 0.67(1) 71.28% 

NAPL AREA L4 

MW-1S 0.70 0.52 74.29% 0.64 91.43% 
WB-5 1.13 0.56 49.56% 0.70 61.95% 

Notes: 
(1) Measurement collected after 45 minutes. 
All measurements recorded in feet. 
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Table 5-4 Page 1 of 2 
Summary of Disposal Requirements for Waste Generated By Remedial Actions For OU-II NAPL 

REMEDIAL ACTION 

WASTE TYPE 

DISPOSAL REQUIREMENTS REMEDIAL ACTION 

WASTE TYPE REGULATORY BACKGROUND DISPOSAL CRITERIA 

OVERLYING SOIL As per previous USEPA decisions regarding 
surface soil around the former lagoon, PCBs 
in this soil are presumed to have not come 
from the lagoon and, as a result, this soil is 
not regulated by TSCA unless PCB 
concentrations exceed 50 mg/kg. 

This soil would be tested for PCBs. Disposal criteria are as follows: 
• If sample contains less than 10.0 mg/kg PCBs, soil would be used as on-site 

subsurface soil backfill. 
• If sample contains less than 1.0 mg/kg PCBs, soil would be used as on-site 

surface soil backfill. 
• If sample contains greater than 10.0 mg/kg PCBs, test for RCRA hazardous 

waste characteristics and dispose soil off-site as follows: 
a. If sample passes RCRA testing and PCB concentrations are less than 50 

mg/kg, dispose soil in an off-site RCRA-approved landfill as a non-
hazardous industrial or residual waste. 

b. If sample passes RCRA testing and PCB concentrations exceed 50 
mg/kg, dispose soil in an off-site TSCA-approved chemical waste 
landfill. 

c. If sample fails RCRA testing and PCB concentrations are less than 50 
mg/kg, dispose soil in an off-site RCRA-approved hazardous waste 
landfill. 

d. If sample fails RCRA testing and PCB concentrations exceed 50 mg/kg, 
dispose soil in an off-site chemical and hazardous waste landfill 
approved by RCRA and TSCA 

OU-II NAPL AND 
ASSOCIATED SUBSURFACE 

SOIL 

As per previous USEPA decisions regarding 
subsurface soil beneath the former lagoon, 
PCBs in OU-II NAPL and subsurface soil 
removed during excavation activities (i.e., 
associated subsurface soil) are presumed to 
have come from the lagoon and, as a result, 
OU-II NAPL and associated subsurface soil 
would be regulated for disposal purposes 
by TSCA unless PCB concentrations are less 
than 2 mg/kg. 

OU-II NAPL and associated subsurface soil would be tested for PCBs and for 
RCRA hazardous waste characteristics. Disposal criteria are as follows: 
• If sample passes RCRA testing and PCB concentrations are less than 2.0 

mg/kg, dispose OU-II NAPL and associated subsurface soil in an off-site 
RCRA-approved landfill as a non-hazardous industrial or residual waste. 

• If sample passes RCRA testing and PCB concentrations exceed 2.0 mg/kg, 
dispose OU-II NAPL and associated subsurface soil in an off-site TSCA-
approved chemical waste landfill. 

• If sample fails RCRA testing and PCB concentrations are less than 2.0 
mg/kg, dispose OU-II NAPL and associated subsurface soil in an off-site 
RCA-approved hazardous waste landfill. 

• If sample fails RCRA testing and PCB concentrations exceed 2.0 mg/kg, 
dispose OU-II NAPL and associated subsurface soil in an off-site chemical 
and hazardous waste landfill approved by RCRA and TSCA. 
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Table 5-4 Page 2 of 2 
Summary of Disposal Requirements for Waste Generated By Remedial Actions For OU-II NAPL 

REMEDIAL ACTION 

WASTE TYPE 

DISPOSAL REQUIREMENTS REMEDIAL ACTION 

WASTE TYPE REGULATORY BACKGROUND DISPOSAL CRITERIA 

OU-II NAPL REMOVED 

AS A LIQUID 

As per previous USEPA decisions regarding 
subsurface soil beneath the former lagoon, 
PCBs in OU-II NAPL are presumed to have 
come from the lagoon and, as a result, OU-II 
NAPL removed as a separate (i.e., liquid) 
phase would be regulated for disposal 
purposes by TSCA as a PCB liquid waste, 
unless PCB concentrations are less than 2 
mg/kg. 

OU-II NAPL would be tested for PCBs and for RCRA hazardous waste 
characteristics. Disposal criteria are as follows: 
• If sample passes RCRA testing and PCB concentrations are less than 2.0 

mg/kg, dispose separate phase OU-II NAPL as a non-hazardous waste oil. 
• If sample passes RCRA testing and PCB concentrations exceed 2.0 mg/kg, 

dispose separate phase OU-II NAPL in an off-site TSCA-approved 
incinerator. 

• If sample fails RCRA testing and PCB concentrations are less than 2.0 
mg/kg, dispose separate phase OU-II NAPL in an off-site RCRA-approved 
incinerator. 

• If sample fails RCRA testing and PCB concentrations exceed 2.0 mg/kg, 
dispose of in an off-site TSCA and RCRA-approved incinerator. 

SATURATED SOIL As per previous USEPA decisions regarding 
subsurface soil beneath the former lagoon, 
PCBs in saturated soil removed during 
excavation activities are presumed to have 
come from the lagoon and, as a result, 
saturated soil would be regulated for 
disposal purposes by TSCA unless PCB 
concentrations are less than 2 mg/kg. 
However, PCBs have not been detected in 
OU-II ground water and it is likely that 
most of the saturated soil, which is unlikely 
to have been affected by OU-II NAPL, will 
be either a RCRA characteristic hazardous 
waste or a TSCA regulated material. 

Saturated soil would be tested for PCBs and for RCRA hazardous waste 
characteristics. Disposal criteria are as follows: 
• If sample passes RCRA testing and PCB concentrations are less than 2.0 

mg/kg, dispose saturated soil in an off-site RCRA-approved landfill as a 
non-hazardous industrial or residual waste. 

• If sample passes RCRA testing and PCB concentrations exceed 2.0 mg/kg, 
dispose saturated soil in an off-site TSCA-approved chemical waste landfill. 

• If sample fails RCRA testing and PCB concentrations are less than 2.0 
mg/kg, dispose saturated soil in an off-site RCA-approved hazardous waste 
landfill. 

• If sample fails RCRA testing and PCB concentrations exceed 2.0 mg/kg, 
dispose saturated soil in an off-site chemical and hazardous waste landfill 
approved by RCRA and TSCA. 
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Table 6-1 Page 1 of 3 

Comparison ofNAPL Remedial Technologies 
Harmon Railroad Yard Wastezuater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

No. Technology Meets the 
Remedial Action 

Objectives 

Provides Short-
Term and Long-

Term 
Effectiveness? 

Implementabiliry 
Concerns? 

Technology Selected Technology Eliminated 

Containment Technologies 

1. Access Restrictions yes 

(with Technologies: 
2; 3, 4, 5; 6 or 7; and 

10) 

yes none for on-Site; 
minor for off-Site 

/ 

2. Use Restrictions yes 

(with Technologies: 
1; 2; 3, 4, 5 or 6; 7 or 

8; and 11) 

yes none for on-Site; 
none for off-Site 

/ 

NAPL Removal Technologies 

3. NAPL-Only Recovery yes 

(with Technologies: 
1; 2; 7 or 8; and 11) 

yes none / 

4. Total Fluids Recovery yes 

(with Technologies: 
1; 2; 7 or 8; and 11) 

yes, but is not 
more effective 

than NAPL-Only 
Recovery 

• ground water 
treatment and 
discharge; 

• discontinuous 
NAPL layers; and 

• residual NAPL 
saturation zone. 

Technology was 
eliminated since it is not 
more effective and has 

considerably more 
implementabihty 

concerns than NAPL-
Only Recovery. 

5. Vacuum Enhanced 
NAPL Recovery 

yes 

(with Technologies: 
1; 2; 7; and 11) 

yes • treatment of a 
small volume of 
ground water 
removed during 
vacuum enhanced 
NAPL recovery. 

/ 
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Table 6-1 

Comparison ofNAPL Remedial Technologies 
Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

No. Technology Meets the 
Remedial Action 

Objectives 

Provides Short-
Term and Long-

Term 
Effectiveness? 

Implementability 
Concerns? 

Technology Selected Technology Eliminated 

NAPL Removal Technologies, Continued 

6. NAPL Recovery with 
Ground Water 
Depression 

yes 

(with Technologies: 
1; 2; 7 or 8; and 11) 

yes, but is slightly 
more effective 

than NAPL-Only 
Recovery 

• ground water 
treatment and 
discharge; 

• discontinuous 
NAPL layers; and 

• residual NAPL 
saturation zone. 

/ 
Although the concerns 

associated with this 
technology outweigh its 
benefits, this technology 
has been retained at the 

request of NYSDEC 
(NYSDEC, 1997b) 

7 NAPL Recovery 
Wells 

yes 

(with Technologies: 
1;2;3, 4, 5 or 6; and 

11) 

yes none / 

8. NAPL Recovery 
Trenches 

yes 

(with Technologies: 
1; 2; 3, 4 or 6; and 

11) 

yes none y 

9. Excavation and Off-
Site Disposal 

yes 
(with Technology 

" ) 

yes minor / 

Treatment Technologies 

10. Biosparging yes 

(as a polishing 
technology after 
NAPL recovery) 

effective as a 
NAPL polishing 

technology 

none y 
Technology was retained 
as a polishing technology, 

to be conducted after 
NAPL recovery. 
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Table 6-1 Page 3 of 3 

Comparison ofNAPL Remedial Technologies 
Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

No. Technology Meets the 
Remedial Action 

Objectives 

Provides Short-
Term and Long-

Term 
Effectiveness? 

Implementability 
Concerns? 

Technology Selected Technology Eliminated 

Disposal Technologies 

11. Off-Site NAPL and 
Associated Soil 
Disposal 

yes 

(with Technologies: 
3,4, 5 or 6; 7 or 8; 

and 9) 

yes none y 
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Table 7-1 

Components of the Remedial Action Alternatives 
Harmon Railroad Yard Wasteivater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Alternative Components 

Alternative I: No Action • No Remedial Components 

Alternative II: 
OU-II NAPL Removal Using 
NAPL-Only Recovery Systems 

• Natural Sediment Deposition in Croton Bay * 
• Ground Water Monitoring * 
• NAPL-Only Removal, including: 

- site preparation; 
- installation of NAPL-only recovery systems; 
- off-site disposal of wastes generated during trench construction and well installation; 
- site restoration; 
- operation of NAPL-only recovery systems; and 
- off-site disposal of recovered OU-II NAPL. 

• Access and Use Restrictions 
• Biosparging following OU-II NAPL Removal as a Contingent (i.e., Optional Polishing) 

Technology 

Alternative III: 
Excavation and Off-Site Disposal 
of OU-II NAPL 

• Natural Sediment Deposition in Croton Bay * 
• Ground Water Monitoring * 
• Excavation and Off-Site Disposal of OU-II NAPL, including: 

- site preparation; 
- excavation of overlying soil and OU-II NAPL and associated subsurface soil; 
- ambient air monitoring for particulates during excavation; 
- off-site disposal of overlying soil and OU-II NAPL and associated subsurface soil; 
- replacement of excavated soil and use of (some) overlying soil as backfill; and 
- site restoration. 

• Access and Use Restrictions 

Notes: 
* Natural sediment deposition and the installation and use of an additional ground water monitoring (perimeter) well are 

identified in Section 7.2 as common actions. 
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Table 7-1 

Components of the Remedial Action Alternatives 
Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Alternative Components 

Alternative IV: 
NAPL Removal with Ground 
Water Depression 

• Natural Sediment Deposition in Croton Bay * 
• Ground Water Monitoring * 
• NAPL Removal with Ground Water Depression, including: 

- site preparation; 
- installation of ground water depression and NAPL recovery wells and trenches; 
- installation of an on-site ground water treatment system; 
- off-site disposal of wastes generated during trench construction and well installation; 
- site restoration; 
- operation of the on-site ground water treatment system and the NAPL removal system; 
- discharge of treated ground water to local surface water (i.e., Croton Bay and the Hudson 

River); 
- off-site disposal of recovered OU-II NAPL; and 
- pre-design studies. 

• Access and Use Restrictions 
Alternative V: 
Vacuum Enhanced NAPL 
Removal 

• Natural Sediment Deposition in Croton Bay * 
• Ground Water Monitoring * 
• Vacuum Enhanced NAPL Removal, including: 

- site preparation; 
- installation of vacuum enhanced NAPL recovery wells and air injection vents; 
- installation of an on-site ground water treatment system; 
- off-site disposal of wastes generated during well installation; 
- site restoration; 
- operation of the on-site ground water treatment system and the vacuum enhanced NAPL 

removal system; 
- discharge of treated ground water to the on-site shallow aquifer; 
- off-site disposal of recovered OU-II NAPL; and 
- pre-design studies. 

• Access and Use Restrictions 

Notes: 
Natural sediment deposition and the installation and use of an additional ground water monitoring (perimeter) well are 
identified in Section 7.2 as common actions. 
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Table 7-2 Page 1 of 2 

Ground Water Monitoring Parameters a) 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Parameter(v 
Basis for Listing 

Parameter(v Potential Risk to 
Human Health (2) 

Potential Impact to 
Aquatic Life(3) 

Volatile Organic Compounds 
chloromethane / 

1,2-dichloroethane (total) y 

benzene / y 
chlorobenzene / y 
ethylbenzene y 
xylene (total) y 
Semi-volatile Organic Compound s 
1,3-dichlorobenzene y 

1,4-dichloro benzene y 
1,2-dichloro benzene y 
naphthalene y 
2-methylnaphthalene y 
acenaphthalene y 
fluorene y 
phenanthrene y 

anthracene y 

fluoranthene y 
pyrene y 

bis(2-ethyl)phthalate y y 
Inorganic Constituents 
aluminum y y 
arsenic y y 
barium y y 
beryllium / y 
chromium / y 
cobalt y 
copper / y 
iron y y 
lead y y 
manganese y y 
mercury y 
nickel y 
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Table 7-2 Page 2 of 2 

Ground Water Monitoring Parameters a) 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Parameter(1) 
Basis for Listing 

Parameter(1) Potential Risk to 
Human Health (2) 

Potential Impact to 
Aquatic Life (3) 

silver / 

vanadium y / 

zinc • 
cyanide / 

Notes: 

2. Ground water samples to be collected from the OU-II ground water perimeter monitoring well 
shown on Figure 7-1 will be analyzed for these parameters. 

2. Chemicals of concern in OU-II ground water identified in Section 4.4.2.1 for the evaluation of 
human health risks related to OU-II ground water. This selection was based on a concentration 
and toxicity screening for the chemicals detected in OU-II ground water. See also Table 4-7. 

3. Chemicals of concern in OU-II ground water identified in Section 4.4.2.2 for the evaluation of 
potential impacts to aquatic life. As discussed in Section 4.4.2.2, this list includes all chemicals 
detected in OU-II ground water for which related criteria, i.e., the NYSDEC Surface Water 
Quality Standards (NYSDEC, 1993b), were available. See also Table 4-11. 
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Table 7-3: Excavation Waste Disposal Assumptions for OU-II NAPL Remedial Action Alternatives Page 1 

WASTE TYPE «> WASTE QUANTITIES WASTE DISPOSAL ASSUMPTIONS 

Overlying Soil The average depth of overlying soil that would be removed 
during the installation of the NAPL-only recovery trench 
(Alternative II) in OU-II NAPL Area LI is approximately 8 
feet. The total quantity of overlying soil to be removed to 
construct the Alternative II NAPL-only recovery trench is 88 
cubic yards. 
The average depth of overlying soil that would be removed 
during the installation of the ground water depression and 
NAPL recovery trench (Alternative IV) in OU-II NAPL Area 
LI is approximately 9 feet. The total quantity of overlying 
soil to be removed to construct this Alternative IV ground 
water depression and NAPL recovery trench is 141 cubic 
yards. An additional 3 cy of overlying soil would also be 
removed to accomodate the recovery well vaults in the 
trench; however, all of this soil will be backfilled. Disposal 
of this small amount of overlying soil (i.e., 3 cy) would 
therefore not be addressed by the adjacent waste disposal 
assumptions. 
The average depth of overlying soil that would be removed 
during the installation of the ground water depression and 
NAPL recovery trench (Alternative IV) in OU-II NAPL Area 
L4 is approximately 7.5 feet. The total quantity of overlying 
soil to be removed to construct this Alternative IV ground 
water depression and NAPL recovery trench is 211 cubic 
yards. An additional 6 cy of overlying soil would also be 
removed to accomodate the recovery well vaults in the 
trench; however, all of this soil will be backfilled. Disposal 
of this small amount of overlying soil (i.e., 6 cy) would 
therefore not be addressed by the adjacent waste disposal 
assumptions. 
The average depth of overlying soil to be excavated as part 
of Alternative III (Excavation and Off-Site Disposal of OU-II 
NAPL) from OU-II NAPL Areas LI, L2 and L3 is 
approximately 10 feet and from OU-II NAPL Area L4 is 
approximately 9 feet. The quantity of overlying soil to be 
removed from all four OU-II NAPL Areas as part of 
Alternative III is 14,040 cubic yards. 

It was assumed for cost estimating purposes that 75 
percent of the overlying soil that is to be excavated from 
OU-II NAPL areas either during trench excavation 
(Alternatives II and IV) or from soil and NAPL excavation 
(Alternative III) would be used as on-site backfill. That is, 
it was assumed that 75 percent of this overlying soil 
would not be a RCRA characteristic hazardous waste and 
would not contain PCB concentrations exceeding 1.0 
mg/kg (for surface soil backfill) or 10.0 mg/kg (for 
subsurface soil backfill). It was assumed for cost 
estimating purposes that the remaining 25 percent of this 
overlying soil would need to be disposed of in a chemical 
and hazardous waste landfill approved by RCRA and 
TSCA. 
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Table 7-3: Excavation Waste Disposal Assumptions for OU-II NAPL Remedial Action Alternatives Page 2 

WASTE TYPE <» WASTE QUANTITIES WASTE DISPOSAL ASSUMPTIONS 

OU-II NAPL and Associated 
Subsurface Soil 

• The average depth of OU-II NAPL and associated 
subsurface soil that would be removed during the 
installation of the NAPL-only recovery trench (Alternative 
II) in OU-II NAPL Area LI is approximately 7 feet. The total 
quantity of OU-II NAPL and associated subsurface soil to 
be removed to construct the Alternative II NAPL-only 
recovery trench is 110 cubic yards. 

• The average depth of OU-II NAPL and associated 
subsurface soil that would be removed during the 
installation of the ground water depression and NAPL 
recovery trench (Alternative IV) in OU-II NAPL Areas LI 
and 1.4 is approximately 7 feet. The total quantity of OU-II 
NAPL and associated subsurface soil to be removed to 
construct the Alternative IV ground water depression and 
NAPL recovery trench is 124 cubic yards for OU-II NAPL 
Area LI and 197 cubic yards for OU-II NAPL Area L4. 

• The average depth of OU-II NAPL and associated 
subsurface soil to be excavated as part of Alternative III 
(Excavation and Off-Site Disposal of OU-II NAPL) from OU-
II NAPL Areas LI, L2, L3 and L4 is approximately 6 feet. 
The quantity of OU-II NAPL and associated subsurface soil 
to be removed from all four OU-II NAPL Areas as part of 
Alternative III is 8,990 cubic yards. 

It was assumed for cost estimating purposes that all of the 
combined OU-II NAPL and associated subsurface soil that 
would be excavated for the various alternatives (i.e., 
trench installation for Alternatives II and IV and 
excavation and off-site disposal for Alternative III) would 
be a RCRA characteristic hazardous waste and a TSCA 
regulated waste (i.e., contain PCBs in concentrations 
exceeding 2.0 mg/kg). That is, it was assumed for cost 
estimating purposes that OU-II NAPL and associated 
subsurface soil would be disposed of in an off-site 
chemical and hazardous waste landfill approved by 
RCRA and TSCA. 

OU-II NAPL (liquid phase) As discussed in Section 5.2.1.1, a conservative estimate of the 
amount of OU-II NAPL present as a separate phase in each of 
the four OU-II NAPL Areas was developed. This is a 
conservative estimate and the amount of OU-II NAPL that can 
be recovered is expected to be 10 to 20 percent less than the 
estimated quantities presented in Section 5.2.1.1. The quantity of 
OU-II NAPL estimated in Section 5.2.1.1 to be present in each 
OU-II NAPL Area as a separate (i.e., liquid) phase is as follows: 
NAPL Area LI: 26,700 gallons 
NAPL Area L2: 2,500 gallons 
NAPL Area L3: 4,900 gallons 
NAPL Area L4: 118,500 gallons 

Total Quantity = 152,600 gallons 

It was assumed for cost estimating purposes that all OU-II 
NAPL removed as a separate (i.e., liquid) phase would be 
a RCRA characteristic hazardous waste and a TSCA 
regulated waste (i.e., contain PCBs in concentrations 
exceeding 2.0 mg/kg). That is, it was assumed for cost 
estimating purposes that all of the OU-II NAPL that 
would be removed as a separate (i.e., liquid) phase would 
be disposed of in an off-site TSCA and RCRA approved 
incinerator. OU-II NAPL would be collected as a separate 
phase in Alternative II (NAPL-Only Removal), Alternative 
IV (NAPL Removal with Ground Water Depression) and 
Alternative V (Vacuum Enhanced NAPL Removal). 
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Table 7-3: Excavation Waste Disposal Assumptions for OU-II NAPL Remedial Action Alternatives Page 3 

WASTE TYPE "> WASTE QUANTITIES WASTE DISPOSAL ASSUMPTIONS 

Saturated Soil The average depth of saturated soil that would be removed 
during the installation of the ground water depression and 
NAPL recovery trenches (Alternative IV) is 16 feet in both OU-II 
NAPL Area LI and in OU-II NAPL Area L4. The total quantity 
of saturated soil to be removed to install the Alternative IV 
ground water depression and NAPL recovery trench is 160 cubic 
yards for OU-II NAPL Area LI and 253 cubic yards for OU-II 
NAPL Area L4. 

It was assumed for cost estimating purposes that 75 
percent of the saturated soil that is to be excavated from 
OU-II NAPL areas either during trench excavation 
(Alternatives II and IV) or from soil and NAPL excavation 
(Alternative III) would be disposed of off-site as a non-
hazardous waste that is not regulated by TSCA. That is, it 
was assumed that 75 percent of this saturated soil would 
not be a RCRA characteristic hazardous waste and would 
not contain PCB concentrations exceeding 2.0 mg/kg. This 
material would be saturated and would be unsuitable for 
use as backfill at the Site. It was assumed for cost 
estimating purposes that the remaining 25 percent of this 
saturated soil would need to be disposed of in a chemical 
and hazardous waste landfill approved by RCRA and 
TSCA. 

1. Refer to Figure 7-4 for a description of waste types. 
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Table 7-4 
Alternative IV: Treatment Requirements for Extracted Ground Water 
Metro-North Harmon Yard OU-II RI/FS 

Chemical of Concern in Ground 
Water 

Predicted Influent 
Concentration (1) 

NYSDEC Surface 
Water Quality 

Standard 
Outfall 001 Permit 

Limit (2) 
Required Effuent 
Concentration (3) 

Required Percent 
Removal 

VOLATILE ORGANIC COMPOUNDS (in pg/l) 

Chloromethane 8 NA NA 0% 
1,2-Dichloroethene (total) 5 22,400 (5) 22,400 0% 
Benzene 5 6G; 700 (4) 6 6 0% 
Chlorobenzene 62 5G 5 92% 
Ethylbenzene 5 430 (5) 430 0% 
Xylene (total) 9 6,000 (6) 6,000 0% 
SEMl-VOLAl'lLE ORGANICS (» /jg/l) 
1,3-Dichlorobenzene 10 total cone of 

DCBs 
<or = 5 

total cone of 
DCBs 

<or = 5 
80% 1,4-Uichlorobenzene 10 

total cone of 
DCBs 

<or = 5 

total cone of 
DCBs 

<or = 5 
80% 

1,2-Dichlorobenzene b 

total cone of 
DCBs 

<or = 5 

total cone of 
DCBs 

<or = 5 
80% 

Naphthalene 10 2,350 (5) 2,350 0% 
2-Methylnaphthalene 410 300(6)(5) 300 27% 
Acenaphthene lb 71U (4) 711) U% 
Dibenzoturan 25 NA NA 0% 
Fluorene 25 300(6)(5) 300 0% 
Phenanthrene 41 4.6 (4) 4.6 89% 
Anthracene 10 300(6)(5) 300 0% 
Carbazole 10 NA NA 0% 
Fluoranthene 10 16 16 0% 
Fyrene 10 300(6)(5) 300 0% 
bis (2-Ethylhexyl) phthalate 270 NA NA 0% 
Aroclor 1254 (7) 1U 0.001*; 6e-7G* 0.3 0.3 70% 
Aroclor 1260 (7) 1U 0.001*; 6e-V(J* 0.3 0.3 70% 
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Table 7-4 
Alternative IV: Treatment Requirements for Extracted Ground Water 
Metro-North Harmon Yard OU-IIRI/FS 

Chemical of Concent Hi Ground 

Water 

Predicted Influent 

Concentration (1) 

NYSDEC Surface 

Water Quality 

Standard 

Outfall 001 Permit 

Limit (2) 

Required Effuent 

Concentration (3) 

Required Percent 

Removal 

INOIWANW UUNVTlTUtm s {m vg/i) 
Aluminum 82,900 NA NA 0% 
Arsenic 47.2 63 63 0% 

Barium 1,620 NA NA 0% 
Beryllium 4 NA NA 0% 

Calcium 509,000 NA NA 0% 

Chromium 1,920 54 54 97% 
Cobalt 112 NA NA 0% 

Copper 1,820 2.9 60 60 97% 
Iron 256,000 300 300 100% 

Lead 968 8.6 8.6 8.6 99% 
Magnesium 144,000 NA NA 0% 
Manganese 15,000 10(6) 10 100% 
Mercury 0.45 0.01G 0.01 98% 
Nickel 311 7.1 7.1 7.1 98% 

Potassium 14,600 NA NA 0% 

Silver 7 2.3(4) 2.3 67% 

Sodium 1,130,000 NA NA 0% 

Vanadium 266 10000 (6) 10,000 0% 
Zinc 528 66 80 80 85% 

Cyanide 14 1 I y3% 

Notes: 
(1) Predicted influent concentration assumed to be equal to the maximum OUII ground water concentration. 
(2) Required effluent concentration equal to the surface water criteria for SB waters unless a Discharge 001 permit limit is available. 
(3) Limits provided in the discharge permit for Outfall 001 (SPDES No.: 0006866), dated 10/7/93. 
(4) NYSDEC Criteria not available. Federal ambient water quality criteria for impact to aquatic life. 
(5) Acute criteria for all dichloroethenes 
(6) EPA REgion III BTAG Screening Level for impacts to marine aquatic life. 
(7) Percent removal required conservatively assumes that PCBs are present at their detection limit concentration. 
G: NYSDEC guidance value. 
NA: NYSDEC water quality standard not available. 
U: chemical was not detected; detection limit provided 
* Limit applies to total PCBs. 
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Table 7-5 
Alternative V: Treatment Requirements for Extracted Ground Water 
Metro-North Harmon Yard OU-II RlrfS 

Chemical of Concent in Ground 
Water 

Predicted Influent 
Concentration (1) 

NYSDEC GW 
Quality Standard 

Required Effuent 
Cone. 

Required Percent 
Removal 

VOLATILE ORGANIC COMPOUNDS (in ng/l) 
Chloromethane 8 5 5 38% 
1,2-Dichloroethene (total) 5 5 5 0% 
Benzene 5 0.7 •0.7 86% 
Chlorobenzene 62 5G 5 92% 
Ethylbenzene 5 5 5 0% 
Xylene (total) 9 5 5 44% 
SEMI-VOLATILE ORGANICS (in^g/l) 
1,3-DichIorobenzene 10 5 5 50% 
l,4-L)ichlorobenzene 10 4.7 4.7 53% 
1,2-Dichlorobenzene b b b 0% 
Naphthalene 10 10G 10 0% 
2-Methylnaphthalene 410 NA NA 0% 
Acenaphthene lb 2UG 2U U% 
Dibenzoruran 25 NA NA 0% 
Fluorene 25 50G 50 0% 
Fhenanthrene 41 50G 50 0% 
Anthracene 10 50G 50 0% 
Carbazole 10 NA NA 0% 
Fluoranthene 10 50G 50 0% 
Fyrene 10 50G 50 0% 
bis (2-Ethylhexyl) phthalate 270 50 50 81% 
Aroclor 1254 (2) 1U 0.1 0.1 90% 
Aroclor 1260 (2) 1U 0.1 0.1 90% 
INORGANIC GONmTUEN'lV (in tig/l) 
Aluminum 82,900 NA NA 0% 
Arsenic 47.2 25 25 47% 
Barium 1,620 1,000 1,000 38% 
Beryllium 4 3G 3 21% 
Calcium 509,000 NA NA 0% 
Chromium 1,920 50 50 97% 
Cobalt 112 NA NA 0% 
Copper 1,820 200 200.0 89% 
Iron 256,000 300; 500** 300 1U0% 
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Table 7-5 
Alternative V: Treatment Requirements for Extracted Ground Water 
Metro-North Harmon Yard OU-IIRI/FS 

Chemical of Concern in Ground 
Water 

Predicted Influent 
Concentration (1) 

NYSDEC GW 
Quality Standard 

Required Effuent 
Cone. 

Required Percent 
Removal 

Lead y&« 2b 2b W% 
Magnesium 144,000 35,000C 35,000 Vb% 

Manganese 15,000 300; 500" 300 %% 

Mercury 0.45 2 2 0% 
Nickel 311 N A N A 0% 

Potassium 14,600 N A N A 0% 

Silver 7 50 50 0% 

Sodium 1,130,000 20,000 20,000 98% 

Vanadium 266 N A N A 0% 

Zinc 528 300 300 43% 

t_yanide 14 1UU 1U0 U7o 

Notes: 
(1) Predicted influent concentration assumed to be equal to the maximum OUII ground water concentration. 
(2) Percent removal required conservatively assumes that PCBs are present at their detection limit concentration. 
G: NYSDEC guidance value. 
NA: NYSDEC water quality standard not available. 
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Table 8-1 Page lof4 

Comparison of Evaluation Criteria for the Remedial Action Alternatives (" 
Harmon Railroad Yard Wasteivatcr Treatment Area Operable Unit II; Croton-on-Hudson, Nciv York 

Evaluation 
Criteria 

Alternative II: 
OU-ll NAPL-Only Removal 

Alternative III: 
Excavation 

Alternative IV: 
OU-II NAPL Removal with 
Ground Water Depression 

Alternative V: 
Vacuum Enhanced NAPL 

Removal 
Overall Protection of Human 
Health and the Environment 

Alternative 11 would protect human 
health and the environment and would 
address all of the remedial action 
objectives for the Site. 

Alternative III would protect human 
health and the environment and would 
address all of the remedial action 
objectives for the Site. 

Alternative IV would protect human 
health and the environment and would 
address all of the remedial action 
objectives for the Site. 

Alternative V would protect human 
health and the environment and would 
address all of the remedial action 
objectives for the Site. | 

Compliance with SCGs Alternative 11 would address all SCGs 
and TBCs identified in Table 5-1 of this 
Feasibility Study as applicable or 
relevant and appropriate. 

Alternative III would address all SCGs 
and TBCs identified in Table 5-1 of this 
Feasibility Study as applicable or 
relevant and appropriate. 

Alternative IV would address all SCGs 
and TBCs identified in Table 5-1 of this 
Feasibility Study as applicable or 
relevant and appropriate. 

Alternative V would address all SCGs 1 
and TBCs identified in Table 5-1 of this 
Feasibility Study as applicable or 
relevant and appropriate. 

Long-term Effectiveness and 
Permanence 

Alternative II would incinerate the 
approximately 20% of the OU-ll NAPL 
present at the Site that this alternative is 
expected to remove as a liquid phase. 
This alternative would provide an 
adequate and effective level of protection 
for the Site over the long-term. 

Alternative III would eliminate the 
potential risks posed by OU-II NAPL at 
the Site by relocating all of this material 
to an off-site landfill. Alternative III does 
not destroy OU-II NAPL. As a result, the 
potential risks typically associated with 
NAPL, such as direct contact and 
impacts to ground water, would simply 
be relocated to the off-site landfill. In 
addition. Alternative III requires access 
agreements from Westchester County to 
excavate OU-II NAPL and associated 
subsurface soil from the limited off-site 
portions of OU-II NAPL Area L4. 

Alternative IV would incinerate the 30% 
of the OU-II NAPL at the Site that this 
alternative is expected to remove and 
would provide an adequate and effective 
level of protection to the Site over the 
long-term. However, this alternative 
would lower the water table, resulting in 
the loss of NAPL to residual saturation, 
limiting the overall amount of NAPL that 
this alternative can remove. Spreading 
NAPL through the saturated zone would 
also increase the risk that NAPL would 
adversely impact ground water quality 
in the future. In addition, this alternative 
requires the discharge of a significant 
quantity of treated ground water to 
Croton Bay and the Hudson River and 
may lead to the formation of discrete 
NAPL layers within each NAPL area. 

Alternative V would remove 
approximately 70% of the OU-II NAPL 
present at the Site through the 
incineration of NAPL removed as a 
liquid phase and the biodegradation of 
the petroleum constituents that comprise 
a majority of OU-II NAPL. This 
alternative would provide an adequate 
level of protection for the Site over the 
long-term. The small amount of ground 
water that this alternative would 
generate can be treated on-site and 
discharged to the shallow aquifer at 
Harmon Yard, which would minimize or 
eliminate the potential long-term risks 
associated with ground water treatment 
and discharge. 

Reduction of Toxicity, 
Mobility or Volume 

Alternative II would incinerate and 
permanently reduce the toxicity, 
mobility and volume of the NAPL 
removed as a liquid phase (i.e., about 
20% or 30,000 gallons). 

Alternative III would relocate all of the 
OU-II NAPL to an off-site landfill. This 
alternative would have no affect on the 
toxicity or volume but would reduce the 
mobility of this material. 

Alternative IV would incinerate and 
permanently reduce the toxicity, 
mobility and volume of the NAPL 
removed as a liquid phase (i.e., about 
30% or 46,000 gallons). 

Alternative V would permanently reduce 1 
the toxicity, mobility and volume of the 
NAPL this alternative would remove 
through incineration or biodegradation 
(i.e., about 70% or 107,000 gallons). | 
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Table 8-1 Page 2 of 4 

Comparison of Evaluation Criteria for the Remedial Action Alternatives a> 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II; Croton-on-Hudson, New York 

Evaluation 
Criteria 

Alternative IT. 
OU-II NAPL-Only Removal 

Alternative III: 
Excavation 

Alternative IV: 
OU-II NAPL Removal with 
Ground Water Depression 

Alternative V: 
Vacuum Enhanced NAPL 

Removal 
Reduction of Toxicity, 
Mobility or Volume 
(continued) 

In addition. Alternative II includes 
natural sediment deposition which 
would have no affect on the toxicity or 
volume of chemicals in OU-II Croton Bay 
sediment but would reduce the mobility 
of these chemicals as sediment from 
adjacent surface water bodies covers and 
contains OU-II Croton Bay sediment. 

The assessment of natural sediment 
deposition presented in this table for 
Alternative II also applies lo this 
alternative. 

This alternative would require 480 tons 
of NAI'L and associated subsurface soil 
generated during trench and well 
construction to be disposed of in an off-
site landfill. This would have no affect on 
the toxicity or volume but would reduce 
the mobility of this material. 

However, this alternative would spread 
OU-II NAI'L below the normal water 
table leading to an increase in the overall 
mobility of NAPL constituents in the 
future. In addition, the need to pump 
and treat approximately 70,000 gallons of 
ground water per day and discharge this 
ground water to Croton Bay and the 
Hudson River will increase the mobility 
of the chemicals that remain in treated 
ground water. Treatment residuals will 
be disposed of in an off-site landfill, 
reducing the mobility of these chemicals. 

The assessment of natural sediment 
deposition presented in this table for 
Alternative II also applies to this 
alternative. 

Residuals generated during treatment of 
the 500 gallons of ground water to be 
pumped every day under this alternative 
will be disposed of in an off-site landfill, 
reducing the mobility of these chemicals. 

This alternative would require 54 tons of 
OU-II NAPL and associated subsurface 
soil generated during well installation to 
be disposed of in an off-site landfill. This 
would have no affect on the toxicity or 
volume but would reduce the mobility of 
this material. 

The assessment of natural sediment 
deposition presented in this table for 
Alternative II also applies to this 
alternative. 

Short-Term Effectiveness Potential short-term effects posed by 
Alternative II from dust generation and 
air emissions would be controlled by 
dust suppression and personal protective 
equipment. 

Since Alternative III would require the 
excavation of a significant amount of 
material (i.e., 23,000 cubic yards), the 
potential for short-term air emissions and 
accidents is significantly higher for this 
alternative. 

Potential short-term effects posed by 
Alternative IV from dust generation and 
air emissions would be controlled by 
dust suppression and personal protective 
equipment. 

Potential short-term effects posed by 
Alternative V from dust generation and 
air emissions would be controlled by 
dust suppression, vapor control units 
and personal protective equipment. 1 
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Table 8-1 Page 3 of 4 

Comparison of Evaluation Criteria for the Remedial Action Alternatives n> 
Harmon Railroad Yard Wasteiuater Treatment Area Operable Unit II; Croton-on-Hudson, Nciv York 

Evaluation 
Criteria 

Alternative II: 
OU-II NAPL-Only Removal 

Alternative III: 
Excavation 

Alternative IV: 
OU-II NAPL Removal with 
Ground Water Depression 

Alternative V: 
Vacuum Enhanced NAPL 

Removal 
Short-Term Effectiveness 
(continued) 

Potential short-term risks associated with 
transportation would be minimal 
(approximately 21 trucks). Installation 
and operation of this alternative is 
expected to require 3.0 years to complete. 
There would be no adverse human 
health or environmental affects from 
chemicals in OU-I! NAP1. during this 
period. 

There would be no adverse short-term 
effects from the natural sediment 
deposition expected to occur in the OU-II 
Croton Bay sediment area. 

Construction of this alternative is 
expected to require 1 year to complete. 
There would be no adverse human 
health or environmental affects from 
chemicals in OU-II NAPL during this 
period. 

There would be no adverse short-term 
effects from the natural sediment 
deposition expected to occur in the OU-II 
Croton Hay sediment area. 

The discharge of 70,000 gallons of treated 
ground water to Croton Bay and the 
Hudson River every day of operation 
may adversely impact sediment quality 
in these areas 

Potential short-term risks associated with 
transportation would be minimal 
(approximately 30 to 40 trucks). 

Installation and operation of this 
alternative is expected to require 3.5 years 
to complete. There would be no adverse 
human health or environmental effects 
from chemicals in OU-II NAPL during 
this period 

There would be no adverse short-term 
effects from the natural sediment 
deposition expected to occur in the OU-II 
Croton Bay sediment area. 

Potential short-term risks associated with 
transportation would be minimal 
(approximately 10 to 15 trucks). The 
treatment and discharge of approximately 
500 gallons of treated ground water per 
day to the shallow aquifer at Harmon 
Yard, which is required to operate this 
alternative, would not adversely affect the 
ground water quality in this area. 

Installation and operation of this 
alternative is expected to require 3.0 years 
to complete. There would be no adverse 
human health or environmental affects 
from chemicals in OU-II NAPL during 
this period 

There would be no adverse short-term 
effects from the natural sediment 
deposition expected to occur in the OU-II 
Croton Bav sediment area. 

Implementability There are no implementability concerns 
associated with this alternative. 

There are no technical or regulatory 
implementability concerns related to 
implementing Alternative III. The only 
potential barrier to implementation of 
this alternative is the need to obtain 
access from Westchester County to 
excavate the limited off-site areas of OU-
II NAPL Area L4. 

There are no technical implementability 
concerns related to implementing 
Alternative IV. However, it is expected 
that it will be extremely difficult to 
obtain regulatory and public approval to 
discharge the 70,000 gallons per day of 
treated ground water to Croton Bay and 
the Hudson River. 

There are no implementability concerns 
associated with this alternative. 
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Table 8-1 Page 4 of 4 

Comparison of Evaluation Criteria for the Remedial Action Alternatives (" 
Harmon Railroad Yard Wasteiuater Treatment Area Operable Unit II; Croton-on-Hudson, New York 

Evaluation 
Criteria 

Cost 

Alternative II: 
OU-II NAPL-Only Removal 

Capital costs = $805,500 
O&M costs (present worth) = $475,150 

Total Alternative II Costs = $1,281,150 

The annual O&M costs for the NAPL 
removal component of Alternative II 
were estimated to be $130,500 per year. 
A 3.0 year operating period was used in 
this analysis to respond to a NYSDEC 
comment requesting that time be 
considered as a critical factor in 
evaluating remedial action alternatives. 

Annual O&M costs for ground water 
monitoring (a common action) and site 
inspections were estimated to be $12,535 
per year. The present worth cost of 
monitoring and inspections was 
computed to be approximately $62,000. 
A 30 year time period was used for 
ground water monitoring and site 
inspections. 

The present worth cost of the optional 
biosparging system was estimated to be 
approximately $145,740. This would 
increase the total cost of Alternative II to 
$1,426,890. 

Alternative HI: 
Excavation 

Capital costs = $9,304,950 
O&M costs (present worth) = $91,500 

Total Alternative III Costs = $9,396,450 

The only O&M activities included in 
Alternative III are site inspections and 
ground water monitoring (a common 
action). The costs for these activities were 
estimated to be $12,535 per year. The 
present worth cost of monitoring and 
inspections was computed (o be 
approximately $62,000. A 30 year time 
period was used for ground water 
monitoring and site inspections. 

Alternative IV: 
OU-II NAPL Removal with 
Ground Water Depression 

Capital costs = $4,087,640 
O&M costs (present worth) = $1,148,670 
Total Alternative II Costs - $5,236,310 

The annual O&M costs for the NAPL 
removal component of Alternative IV 
were estimated to be $422,243 per year. 
A 3.5 year operating period was used in 
this analysis to respond to a NYSDEC 
comment requesting that time be 
considered as a critical factor in 
evaluating remedial action alternatives. 
The first year of O&M activities for this 
alternative would entail system start-up 
and troubleshooting. Because these 
activities are related to system 
installation, a capital activity, the first 
year of O&M was included in the capital 
costs. Consequently, O&M costs include 
2.5 years of operation. 

Annual O&M costs for ground water 
monitoring (a common action) and site 
inspections were estimated to be $12,535 
per year. The present worth cost of 
monitoring and inspections was 
computed to be approximately $62,000. 
A 30 year time period was used for 
ground water monitoring and site 
inspections.  

Alternative V: 
Vacuum Enhanced NAPL 

Removal 
Capital costs = $1,381,780 

O&M costs (present worth) = $499,250 
Total Alternative 11 Costs = $1,881,030 

The annual O&M costs for the NAPL 
removal component of Alternative V 
were estimated to be $199,220 per year. 
A 3.0 year operating period was used in 
this analysis to respond to a NYSDEC 
comment requesting that time be 
considered as a critical factor in 
evaluating remedial action alternatives. 
The first year of O&M activities for this 
alternative would entail system start-up 
and troubleshooting. Because these 
activities are related to system 
installation, a capital activity, the first 
year of O&M was included in the capital 
costs. Consequently, O&M costs include 
2.0 years of operation. 

Annual O&M costs for ground water 
monitoring (a common action) and site 
inspections were estimated to be $12,535 
per year. The present worth cost of 
monitoring and inspections was 
computed to be approximately $62,000. 
A 30 year time period was used for 
ground water monitoring and site 
inspections.  

NOTES: 

1. Alternative I (No Action) is not protective of human health and the environment and does not comply with all of I 
considered for selection as the preferred remedial action alternative for the OU-II Site. 

lie SCCs identified in Section 5.1 and Table 5-1. As a result, Alternative I (No Action) was not 
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Table 8-2 

Summary of Scores for Detailed Analysis of the OU-IIFS Remedial Action Alternatives 
Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Alternative IV: 

Alternative II: OU-II NAPL Alternative V: 
OU-II NAPL Alternative III: Removal Using OU-II NAPL 

Removal Using Excavation and Off- NAPL Recovery Removal Using 
Maximum Alternative I: NAPL-Only Site Disposal of OU- With Ground Vacuum Enhanced 

Criteria Potential Score No Action Recovery Systems II NAPL Water Depression NAPL Recovery 

Threshold Criteria 

Overall Protection of Human Health and the 20 12 20 20 20 20 

Environment 

Compliance with SCGs 10 7 10 10 10 10 

Subtotal for Threshold Criteria 30 19 30 30 30 30 

Balancing Criteria 

Long-Term Effectiveness and Permanence 15 6 9 11 9 10 

Reduction of Toxicity, Mobility or Volume 15 0 8 0 8 11 

Short-Term Effectiveness 10 10 8 8 6 8 

Implementability'"1 15 12 14 11 12 14 

Cost(2) 15 15 13 0 7 12 

Subtotal for Balancing Criteria 70 43 52 30 42 55 

Total 100 62 82 60 72 85 

Notes: 

(1) Scoring sheets for each remedial action alternative by criteria are presented in Appendix L. These scoring sheets are included as 
Tables 5.2 through 5.7 in the NYSDEC TAGM for the selection of remedial action alternatives (NYSDEC, 1990). 

(2) As per section of 5.2.3 of the NYSDEC TAGM for the selection of remedial action alternatives (NYSDEC. 1990), the lowest cost was 
given a score of 15; the highest cost was given a score of zero; and the middle cost (i.e., Alternative II) was proportionately scored 
with reference to the other two scores. Score for Alternative II was computed as: 15 x [($9.4 million - $1.28 million)/($9.4 million)]. 
Score for Alternative IV was computed as: 15 x [($9.4 million - $5.24 million)/($9.4 million)]. Score for Alternative V was 
computed as: 15 x [($9.4 million - $ 1.88 million)/($9.4 million)]. 
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APPENDIX J 

REMEDIAL ACTION COST ESTIMATES 

HARMON RAILROAD YARD 

WASTEWATER TREATMENT AREA 

OPERABLE UNITII (OU-II) 
REMEDIAL INVESTIGATION/FEASIBILITY STUDY REPORT 

OVERVIEW: These are the detailed cost estimates for all of the remedial action 
alternatives evaluated in this feasibility study. The alternatives 
and the Appendix J table containing the cost estimate for each 
alternative are as follows: 

APPENDIX J 

TABLE No. 

DESCRIPTION 

Table J-l Common Actions (i.e., ground water monitoring) 

Table J-l A Alternative I: No Action (i.e., NAPL monitoring) 

Table J-2 Alternative II: NAPL-Only Removal 

Table J-3 Alternative III: Excavation and Off-Site Disposal 

Table J-4 Alternate IV: NAPL Removal with Ground Water Depression 

Table J-5 Alternate V: Vacuum Enhanced NAPL Removal 
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Table J-l 
Remedial Cost Estimate 

Common Actions 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Page 1 

Unit Quanti ty Unit Cos t Cost Ref 

Item Description 

Capital Costs 

Ground Water Monitoring 

Capital costs for well installation are included in 

the Remedial Alternative Cost estimates. 

Annual Costs 

Ground Water Monitoring 

Project Geologist 

Senior Project Geologist 

Data Validator 

Analytical Costs 

Expenses 

hr 4 $65 $260 0) 
hr 4 $100 $400 (2) 
hr 3 $90 $270 (3) 

sample 4 $750 $3,000 (4)(5) 

Is 1 $50 $50 (6) 

Subtotal Annual Costs $3,980 

Present Worth Cost (PWF = 12.4090; 30 ijrs, 7% discount rate) 

Contingency (25%) 

$49,388 (7) 

$12,347 

TOTAL PRESENT WORTH OF COMMON ACTION COSTS $61,735 
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Table J-l Page 2 
Remedial Cost Estimate 
Common Actions 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(1) Cost assumes one-half day of project geologist time at a rate of $65 per hour to collect 
ground water samples from the OU-II ground water monitoring well. 

(2) Cost assumes one-half day of senior project geologist time at a rate of $100 per hour to . 
compile and review the data. 

(3) Cost assumes three hours to validate the sampling results at a rate of $90 per hour. 
(4) Quantity includes one OU-II ground water sample and three quality control (QC) 

samples. These QC samples would also be used for the Harmon Yard perimeter ground 
water well samples since the OU-II ground water sample would be collected along with 
the Harmon Yard perimeter well samples. 

(5) Cost assumes analysis for VOCs, SVOCs and metals with an ASP Level B deliverables 
package. Source: EnviroTest laboratory. 

(6) Cost assumes $50 in expenses for disposables (e.g., bailers, gloves), mail delivery service, 
etc.. 

(7) The cost assumes a discount rate of 7% in accordance with Revisions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and 30 years of ground water monitoring. A 30 year ground 
water monitoring period was conservatively assumed based on the 30 year post-closure 
care period required for RCRA solid and hazardous waste units under federal regulation 
40 CFR 246.117. However, as discussed in Sections 7.3.2.7 and 7.4.2.7, the 30 year period 
may be reduced at any time after the remedial action has been completed if site 
inspections demonstrate that the site is secure. 
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Table J-1A 
Remedial Cost Estimate 

Alternative I: No Action 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Page 1 

Item Description 

Capital Costs 

Ground Water Monitoring 
Install Perimeter Monitoring Well 

Develop Perimeter Monitoring Well 

Dispose Drill Cuttings - hazardous and TSCA waste 

Unit Quantity Unit Cost Cost Ref 

Is 1 $1,200 $1,200 (1)(2) 
each 1 $425 $425 fl)(3) 
ton 1.5 $270 $405 (4)(5) 

NAPL Monitoring 
This task would use only existing OU-II NAPL 

monitoring wells 

Subtotal, Capital Costs 

Administrative, Engineering and Contingency Costs (45%) 
Total Capital Costs, Installation of Ground Water Monitoring Well 

Annual Costs 

NAPL Monitoring 

Field Measurements 

Reporting 

Management 

Expenses 

$2,030 

$914 

$2,944 

hr 20 $65 $1,300 (6) 
hr 8 $65 $520 (7) 
hr 8 $95 $760 (8) 
Is 2 $160 $320 (9) 

Subtotal Annual Costs $2,900 

Subtotal, Present Worth Cost (PWF = 12.4090; 30 yrs, 7% discount rate) $35,986 

Contingency (10%) $3,599 

(10) 

Common Actions (i.e., Ground Water Monitoring) Is $61,735 

Total Present Worth of Operating and Maintenance Costs 

Total Remedial Action Cost for Alternative I 

$61,735 

$101,319 

$104,263 

( " ) 
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Table J-1A 
Remedial Cost Estimate 
Alternative I: No Action 

Page 2 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(1) Quantity assumes installation of one perimeter monitoring well along the fenceline in 
NAPL Area LI. 

(2) Cost includes installation of one perimeter monitoring well along the fenceline in NAPL 
Area LI. Cost is based on an installed cost of $40 per linear foot for a 4-inch diameter 
PVC recovery well and an average well depth of 30 feet - > $40/ft x 30 ft = $1,200/well. 
Source: similar ERM-Northeast project experience. 

(3) Costs includes 5 hours of hand bailing per well at a rate of $65 per hour plus $100 per well 
for expenses. Source: similar ERM-Northeast project experience. 

(4) Quantity: assumes three 55-gallon drums of drill cuttings would be generated during 
installation of the perimeter monitoring well. 

-> i.e., (1 well)(3 drums/well)(7.35 cf soil/drum)(cy/27 cf)(1.5 tons/cy soil) 
= 1.5 tons drill cuttings 

(5) Cost: Current transport and disposal costs and 1994 bid costs for transport and disposal of 
solid materials having PCBs removed during OU-I (i.e., structures and debris) were 
reviewed to determine the transport and disposal cost for overlying soil having 
unacceptable concentrations of PCBs. 

The average bid costs submitted in 1994 for OU-I for transport and disposal of solid 
materials having PCBs (i.e., structures and debris) were as follows: 

Disposal (#02850.A): $185/cy 
Transportation (#02220.A): $163/cy 
Transportation and Disposal: $348/cy x (cy/1.5 tons) = $235/ton 

Current (i.e., December 1996) costs for transport to and disposal at the ChemWaste 
Management TSCA-permitted chemical waste landfill located in Model City, NY are: 

Disposal: $195/ton + 6% tax = $210/ton 
Transportation: $l,400/load + 7% tax = $l,500/load (assumes that soil would be 

transported in a dump trailer having a capacity of 25 tons) 
Transport and Disposal: $210 + ($l,500/load)(load/25 tons) = $270/ton 

To be conservative, the higher of the two costs, i.e., $270/ton was assumed. 

(6) Cost assumes ten hours of project geologist time per monitoring event to collect NAPL 
measurements, two monitoring events per year and an hourly rate of $65/hr. 

(7) Cost assumes four hours of project geologist time per monitoring event to report NAPL 
measurements, two monitoring events per year and an hourly rate of $65/hr. 

(8) Cost assumes four hours of project management per monitoring event to report NAPL 
measurements, two monitoring events per year and an hourly rate of $95/hr. 

(9) Expenses include: $43 for mileage (135 miles @$0.32/mile), $7 for tolls and $110 for 
equipment. 

ERM-Northeast C:\...\METRO-N\OU-II\ FS_TBLS\COST-BU.DOC 

file://FS_TBLS/COST-BU.DOC


Table J-1A 
Remedial Cost Estimate 
Alternative I: No Action 

Page 3 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(10) The cost assumes a discount rate of 7% in accordance with Revisions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and 30 years of ground water monitoring. A 30 year ground 
water monitoring period was conservatively assumed based on the 30 year post-closure 
care period required for RCRA solid and hazardous waste units under federal regulation 
40 CFR 246.117. However, as discussed in Sections 7.3.2.7 and 7.4.2.7, the 30 year period 
may be reduced at any time after the remedial action has been completed if site 
inspections demonstrate that the site is secure. 

(11) Total cost for common actions as provided in Table J-l. 
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Table J-2 
Remedial Cost Estimate 

Alternative II: OU-II NAPL Removal Using NAPL-Only Recovery Systems 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Page 1 

Item Description 

Capital Costs 

Access Restrictions 

Notices to Off-Site Property Owners 

Unit Quantity Unit Cost Cost 

hour 16 $225 
Subtotal, Access Restrictions 

$3,600 

$3,600 

Ref 

(1) 

Installation of NAPL Recovery Systems 

Pre-Design Studies 

Additional Delineation in NAPL Area L4 

Pilot Study 

Site Preparation 

Clearing and Grubbing, Remove Fence in NAPL 
Area LI, Regrading in NAPL Area L4 

Is 

Is 

crew-day 

$11,000 

$150,000 

$2,000 

Subtotal, Pre-Design Studies and Site Preparation 

$11,000 

$150,000 

$6,000 

$167,000 

(2) 

(3) 

Mobilization/ Demobilization 

Extended Arm Excavator 

Drilling Equipment 

Is 1 $10,000 $10,000 (4) 

Is 1 $1,000 $1,000 (4) 

Subtotal, Mobilization/Demobilization $11,000 

NAPL Area LI and L2 Recovery Systems 

Excavate Soil and NAPL for the NAPL Recovery Trench 

Equipment Rental 

Trench Box 

Extended Arm Excavator 

Stockpile Excavated Overlying Soil 

Add Kiln Dust to Excavated NAPL and 

Associated Subsurface Soil, if Needed 

Construct Recovery Trench 

Install Washed Gravel 

Sample Overlying Soil for Backfill Reuse 

Backfill Acceptable Overlying Soil 

Install Additional Soil Backfill 

Install Recovery Wells 

Install Well Vaults 

Develop 6 Recovery Wells and the OU-II 

Ground Water Monitoring Well 

day 5 $1,200 $6,000 (5)(6) 

day 5 $5,000 $25,000 (5)(7) 

cy 90 $4 $360 (8)(9) 

cy 18 $25 $458 (9a)(9b) 

ton 200 $35 $7,000 (10)(H) 

sample ' 5 $150 $750 (12)(13) 

cy 68 $10 $680 (14)(15) 

cy 10 $30 $300 (16)(17) 

each 3 $1,000 $3,000 (18)(19) 

each 6 $750 $4,500 (20) 

well 7 $425 $2,975 (21)(21a) 
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Table J-2 
Remedial Cost Estimate 

Alternative II: OU-II NAPL Removal Using NAPL-Only Recovery Systems 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Page 2 

Unit Quantity Unit Cost Cost Ref 
NAPL Area LI and L2 Recovery Systems 

Collection and Storage of Ground Water Removed 

During Trench Installation and Development 

Treatment and Discharge of Ground Water Removed 

During Trench Installation and Development 

Develop and Implement an Air Monitoring Plan 

Install Recovery Systems 

NAPL-Only Recovery Systems 

NAPL Transfer Piping and Utility Conduits 

NAPL Storage Tank (1,500 gallons) 

Is 

Is 

Is 

each 

If 

each 

$28,500 

1 $27,275 

1 $20,000 

6 $6,000 

300 $22 

1 $6,000 

Subtotal, NAPL Area L2 and L2 Recovery Systems 

NAPL Area L3 Recovery System 

Install NAPL Recovery Wells 

Well Vaults 

Develop the Recovery Well 

NAPL-Only Recovery Systems 

NAPL Transfer Piping and Utility Conduits 

NAPL Storage Tank (250 gallons) 

NAPL Area L4 Recovery System 

Install NAPL Recovery Wells 

Well Vaults 

Develop the 8 Recovery Wells 

NAPL-Only Recovery Systems 

NAPL Transfer Piping and Utility Conduits 

NAPL Storage Tank (1,500 gallons) 

Site Restoration 
Reinstall Fence in NAPL Area LI 
Regrading and Seeding 

1 $1,000 

1 $750 

1 $425 

1 $6,000 

25 $22 

1 $3,800 

each 

each 

well 

each 

If 

each 

Subtotal, NAPL Area L3 Recovery System 

each 

each 

well 

each 

If 

each 

Subtotal, NAPL Area L4 Recovery System 

If 190 $7 
crew-day 3 $2,000 

Subtotal, Site Restoration 

8 $1,000 

8 $750 

8 $425 

8 $6,000 

00 $22 

1 $6,000 

$28,500 (21b) 

$27,275 (21b) 

$20,000 (21c) 

$36,000 (22)(23) 

$6,600 (24)(25) 

$6,000 (26) 

175,398 

$1,000 (27)(19) 

$750 (28) 

$425 (27)(21a) 

$6,000 (29)(23) 

$550 (24)(25) 

$3,800 (30) 

$12,525 

$8,000 (31)09) 

$6,000 (32) 

$3,400 (31)(21a) 

$48,000 (33)(23) 

$11,000 (24)(25) 

$6,000 (26) 

$82,400 

$1,330 (34)(35) 

$6,000 (36) 

$7,330 
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Table f-2 
Remedial Cost Estimate 

Alternative II: OU-II NAPL Removal Using NAPL-Only Recovery Systems 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Page 3 

Uni t Q u a n t i t y Un i t Cost Cost Ref 
Trench and Well Installation Materials Disposal 

Classification Sampling for Wastes Generated 

During Trench Construction and Well Installation 

Disposal 

Overlying Soil 

Non-TSCA waste (used as on-site backfill) 

TSCA waste 

NAPL and associated subsurface soil -

hazardous and TSCA waste 

Drill Cuttings - hazardous and TSCA waste 

Wastes Generated From Ground Water Treatment 

Solid Wastes 

Decon Fluids 

Initial Classification Sampling for OU-II NAPL 

sample $1,000 

cy 

ton 

ton 

ton 

tons 

drum 

sample 

66 $0 

33 $270 

165 $270 

16 $270 

2 $270 

10 $575 

1 $1,000 

Subtotal, Materials Dispwsal 

Subtotal of Capital Costs for Installation of Recovery Systems 
Administrative, Engineering and Contingency Costs (45%) 

Total Capital Costs for Installation of Recovery Systems 

RD/RA Workplan Is $50,000 

Total Remedial Action Capital Cost 

Operating Costs 

Access Restrictions 

Fence Maintenance 

Operation of NAPL Recovery Systems 

O&M Labor 
O&M Materials 
Transportation and Disposal of NAPL 
Engineering Oversight 
Electrical 
Analytical (Confirmation) 

$4,000 (37)(38) 

see Note (14) above 

$8,910 (39)(40) 

$44,550 (41)(40) 

$4,320 (42)(40) 

$540 (42a)(40) 

$5,750 (42b)(42c) 

$1,000 (42d)(38) 

$61,780 

$521,033 

$234,465 

$755,498 

$50,000 

$805,498 

(44) 

If 168 $7 $1,176 (46)(35) 

hours 416 $60 $24,960 (47) 

Is 1 $24,960 $24,960 (48) 

gallons 10,950 $5.12 $56,064 (49)(50) 

hours 192 $95 $18,240 (51) 
month 12 $375 $4,500 (52) 

sample 4 $150 $600 (53)(54) 

Subtotal of Annual O&M Costs for Access Restrictions and NAPL-Only Recovery $130,500 
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Table J-2 
Remedial Cost Estimate 

Alternative IT. OU-II NAPL Removal Using NAPL-Only Recovery Systems 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Page 4 

Unit Quantity Unit Cost Cost Ref 

Present Worth of Annual O&M Costs for Access Restrictions and NAPL-Only Recovery 

(3 yrs of O&M with single payment to Year 2, discount rate of 7%, PWF=2A53) 

$320,117 (55) 

Site Inspections 

Conduct Site Inspections 

Common Actions 

year $2,000 

Present Worth of Annual O&M Costs for Site Inspections 

(30 yrs, discount rate of 7%, PWF=12.4090) 

Subtotal Present Worth of Operating and Maintenance Costs 

Contingency (20%) 

Is 1 $61,735 

Total Present Worth of Operating and Maintenance Costs 

Total Remedial Action Cost for Alternative II $1281.155 

$2,000 (56) 

$24,818 (57) 

$344,935 

$68,987 

$61,735 (43) 

$475,656 

$1,281,155 
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Table]-! 
Remedial Cost Estimate 

Alternative II: OU-II NAPL Removal Using NAPL-Only Recovery Systems 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Page 5 

Unit Quantity Unit Cos t Cost Ref 

Biosparging as a Contingency 
Biosparging Capital Costs 

Mobilize Drilling Equipment 

Installation of Biosparging Points 

Installation of Air Lines and Compressor 

Is 

well 
Is 

1 $1,000 

60 $600 

1 $30,800 

Subtotal of Biosparging Capital Costs 
Administrative, Engineering and Contingency Costs (45%) 

Total Biosparging Capital Costs 

Biosparging Operatitig Costs 

O&M Labor 
O&M Materials 
Engineering Oversight 
Electrical 

hours 208 $60 
Is 1 $6,240 

hours 24 $95 

month 12 $1,450 

Subtotal of Annual Biosparging O&M Costs 

Present Worth of Operating Costs (10 yrs, discount rate of 7%, PWF=7.02) 

Contingency (20%) 

Total Operating and Maintenance Costs for Biosparging 

Total Cost for Biosparging 

Present Worth of Biosparging Costs in 1997 dollars 
(15 yrs, discount rate of 7%, Single Payment PWF=0.36) 

$1,000 (4) 
$36,000 (58)(59) 
$30,800 (60) 

$66,800 
$30,060 
$96,860 

$12,480 (61) 
$6,240 (62) 
$2,280 (63) 

$17,400 (64) 

$38,400 

$269,568 (65) 

$53,914 

$307,968 

$404,828 

$145,738 (66) 

Total Remedial Action Cost for Alternative II With Biosparging $1.426,893 
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Table J-2 Page 6 
Remedial Cost Estimate 
Alternative II: OU-II NAPL Removal Using NAPL-Only Recovery Systems 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(1) Cost assumes 16 hours of attorney time at a rate of $225 per hour to prepare notices to the 
off-site property owners. These notices would discuss the location and extent of off-site 
OU-II NAPL on their property. 

(2) Cost includes installation and monitoring of approximately four temporary NAPL 
monitoring wells in NAPL Area L4. Three of the four wells would be located in the 
northeast section of NAPL Area L4 and the remaining well would be located in the 
southwest section of this area. The drilling component costs were obtained from OU-II RI 
quote submitted by ADT, the selected bidder. (The quoted drilling costs were increased 
by 25% since the lowest bid cost and not the average bid cost was assumed). The geologist 
costs were based on ERM labor costs. 

(2a) The cost for the pilot study is based on the following: 

Work Plan $20,000 
Pump Installation 5,000 
NAPL-only recovery systems and storage systems (unsalvageable 
components) (4 units) ($6,000/unit) 24,000 
Field Labor (30 hrs / wk) (26 wks) ($60/ hr) 46,800 
Field Expenses (26 wks) ($230/ week) 6,000 
NAPL Disposal 10,000 
(2 gpd/well)(4 wells)(180 days)($5.12/gal) = $7,372, say $10,000 
Data Evaluation 10,000 
Report Preparation 15,000 

Subtotal $136,800 
Project Management (10%) 13,200 

Total 150,000 

The above cost assumes that the existing wells will be used and the pumps costs will be 
associated with implementation of the alternative. 

Drilling Costs 
mobilization/ demobilization 
split spoon samples 
every 5' 
install 2" diameter wells 
complete wells 
install protective casing 
develop wells 
steam cleaning 
stage cuttings and 
development water 

$500 $500 
$15/sample 4 samples/ well 

x 4 wells 
240 

$6/If 20 feet/well x 4 wells 480 
$320/well 4 wells 1,280 
$200/well 4 wells 800 
$125/well 4 wells 500 

$100/hr 6 hours 600 
$110/hr 6 hours 660 
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Table J-2 Page 7 
Remedial Cost Estimate 
Alternative II: OU-IINAPL Removal Using NAPL-Only Recovery Systems 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

perdiem $175/day 2 persons x 1 day 350 
standby $150/hr 4 hours 600 

$6,010 
xl .25 

Subtotal of Drilling Costs $7,500 
Geologist Costs 
drilling oversight $65/hour 16 days $1,040 
conduct NAPL monitoring $65/day 32 days 2,080 
coordination with contractor $95/hour 4 hours 380 

Subtotal of Geologist Costs $3,500 

Total Estimated Cost for Additional NAPL Monitoring $11,000 

(3) Cost assumes 3 crew-days at a rate of $2,000 per crew day to clear and grub vegetation, 
remove the fence in NAPL Area LI, and regrade in NAPL Area L4. The crew cost 
includes: labor, machinery and tools. Source: EnviroClean-Northeast 

(4) Cost includes mobilization and demobilization of machinery. Source: EnviroClean-
Northeast and similar ERM-Northeast project experience. 

(5) Quantity assumes 5 days for construction of the NAPL recovery trench. Source: 
EnviroClean-Northeast and similar ERM-Northeast project experience. 

(6) Cost: Based on the maximum depth of excavation (approximately 25'), two 16' deep 
trench boxes would be needed to excavate the trench. At a cost of $600/day/box, the 
rental rate for two boxes would be $1,200/day. Source: EnviroClean-Northeast 

(7) Cost: daily rental cost for an extended arm excavator. Source: EnviroClean-Northeast. 
(8) Quantity includes overlying soil and additional soil required to install the well vaults. 

Based on the cross-section of the proposed location of the NAPL recovery trench, 
approximately 88 cy of overlying soil would be removed to construct the trench (see 
Appendix K for this calculation). An additional 2 cy of soil would also be removed 
adjacent to the NAPL recovery trench to accommodate the recovery well vaults. 
Therefore, the total volume of soil placed in the temporary stockpile would be: 

- > 88 cy + 2 cy = 90 cy. 
(9) Cost: unit cost to temporarily stockpile soil; includes polysheeting, loader and equipment 

operator. Source: EnviroClean-Northeast. 
(9a) Quantity assumes one-half ton of cement kiln dust is needed for every 3 tons of excavated 

NAPL and associated subsurface soil. Based on a trench depth of 15 feet and an average 
overlying soil depth of 8.5 feet, approximately 7 feet of NAPL and associated subsurface 
soil excavated would be excavated. Additional soil would also be removed (to a depth of 
approximately 25') to accommodate recovery wells. The quantity of NAPL and associated 
subsurface soil excavated would therefore be 78 cy (i.e., (150' x 2' x 7')/(27 cf/cy)) plus 32 
cy for well holes, or 110 cy. Based on this estimate, the quantity of cement kiln dust (CKD) 
needed would be: 
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= (110 cy NAPL and soil)(0.5 cy CKD/3 cy NAPL and soil) = 18 cy 
(9b) Cost includes supply (i.e., purchase and delivery) of CKD. Source: EnviroClean-

Northeast. 
(10) Quantity of gravel needed for a trench 150' long by 2' wide with a gravel depth of 9'. 

- > [(150' x 2' x 9')/(27 cf/cy)](2 cy/ton) = 200 ton 
(11) Cost includes supply and installation of washed gravel. Source: EnviroClean-Northeast. 
(12) Quantity assumes 1 sample would be collected for every 50 cy of stockpiled soil (i.e., 90 

cy/50 cy = 2) and an additional three samples would be collected for QC (i.e., MS, MS-D 
and duplicate). 

(13) Cost assumes analysis for PCBs only. Source: NYTest laboratory 1994 quote for OU-II RI 
work. 

(14) Quantity assumes three-quarters of the overlying soil (i.e., 0.75 x 88 cy = 66 cy) and all the 
soil excavated to accommodate the recovery well vaults (i.e., 2 cy) has acceptable 
concentrations of PCBs and can be used as backfill. Therefore, 68 cy would be available 
for construction of the NAPL recovery trench. 

(15) Cost for installation and compaction of stockpiled backfill; includes: equipment and 
equipment operators. Source: EnviroClean-Northeast. 

(16) The quantity of off-site uncontaminated fill required to construct the recovery trench = 
(the total quantity of uncontaminated fill needed to construct the recovery trench) 
- (the amount of overlying fill that has acceptable concentrations of PCBs, i.e., 68 cy). 
The total quantity of backfill required to construct the recovery trench: 

= (150 'x2 'x7 ' ) /27 = 78cy 
The quantity of off-site uncontaminated fill required to construct the recovery trench is 
therefore: 

= 78 cy - 68 cy = 10 cy 
(17) Cost includes supply of off-site uncontaminated fill, transportation to the Site, installation 

and compaction. Source: EnviroClean-Northeast. 
(18) Quantity: Excluding the recovery wells located in the NAPL recovery trench, three NAPL 

recovery would be installed in NAPL Areas LI and L2 (i.e., two recovery wells in NAPL 
Area LI and one recovery well in NAPL Area L2). These three wells would be installed 
using drilling equipment; the three recovery wells located in the trench would be placed 
into the trench during construction and therefore would not require drilling. 

(19) Cost based on an installed cost of $40 per linear foot for a 4-inch diameter PVC recovery 
well and an average well depth of 25 feet --> $40/ft x 25 ft = $1,000/recovery well. Source: 
similar ERM-Northeast project experience. 

(20) Assumes an installed unit cost of $750 for a prefabricated 3' by 3' by 3' concrete recovery 
well vault and one recovery well vault for each of the six NAPL recovery wells in NAPL 
Areas LI and L2. Source: EnviroClean-Northeast. 

(21) Quantity includes the six recovery wells located in NAPL Areas LI and L4 and the OU-II 
ground water monitoring well. 
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(21a) Costs includes 5 hours of hand bailing per well at a rate of $65 per hour plus $100 per well 
for expenses. Source: similar ERM-Northeast project experience. 

(21b) Costs are based on the removal, storage, treatment and discharge costs for Harmon Yard 
lagoon surface water incurred and estimated for the OU-I project. Costs for management 
of the 127,400 gallons of Harmon Yard lagoon surface water included: 

Pumping and Storage of Lagoon Surface Water: $ 85,400 (incurred cost) 
Treatment and Discharge of Lagoon Surface Water: $ 66,600 (contractor estimate) 

Total Cost: $152,000 

These costs included: 
Pumping and Storage Treatment and Discharge* 
Labor: $34,900 Mobilization: $33,400 
Equipment: $38,000 Equipment Rental: $13,600 
Materials: $12,500 Labor & Materials: $19,600 

$85,400 $66,600 
* Estimated contractor costs for one month of water treatment. 

These costs were used as a basis to estimate costs for management of ground water 
removed to construct the NAPL recovery trench. 

Dewatering of the recovery trench would be accomplished with the recovery wells to be 
installed within the trench. The cost for management of ground water removed during 
construction of the 150' by 2' wide NAPL recovery trench should be considerably less 
than those incurred for managing the large volume of lagoon surface water. The estimated 
pumping and storage cost for ground water removed during trench installation was 
therefore estimated to be one-third the OU-I standing water pumping and storage cost, 
i.e., $85,400/3 = $28,500. 

The base cost for treatment and discharge of ground water removed during excavation of 
NAPL and associated subsurface soil was also assumed to be one-third the cost incurred 
for management of OU-I lagoon surface water, i.e., $66,600/3 = 22,200. However, the cost 
provided above for treatment and discharge is a vendor estimate; final costs for this 
activity are not available to ERM. It has conservatively been assumed that the vendor 
estimate does not include costs for the following elements: temporary discharge piping, 
equipment decontamination and disposal of waste generated during ground water 
treatment. Estimated costs for these elements follow. 

Temporary Discharge Piping: The distance between the proposed location for the NAPL 
recovery trench and the new water treatment plant is approximately 300 feet. Based on a 
cost of $7/If for temporary hose and assuming a 25% contingency for the amount of hose, 
the total cost for this element would be = (300 ft)($7/If)(1.25) = $2,625. 
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Equipment Decontamination: Assume approximately 10 drums of decon fluids are 
generated during equipment decontamination. (Costs for sampling and disposing 
drummed decon fluids is included in the disposal section.) 
Decon Equipment: (1 crew day)($2,000 per day): $2,000 
Confirmatory Wipe Samples: (3 samples)($150/sample): 450 

$2,450 

The total cost for treatment and discharge of ground water removed during excavation of 
NAPL and associated subsurface soil was therefore estimated to be equal to $22,200 + 
2,625 + 2,450 = $27,275. 

(21c) Cost includes development and implementation of an ambient air monitoring plan. The 
cost is based on previous experience at Harmon Yard specifically relating to ambient air 
monitoring at the Harmon Yard lagoon during implementation of the OU-I remedy. 

(22) Quantity: one recovery system for each of the six recovery wells. 
(23) Cost based on a quote from Earth Technology for supply of 15 Product Terminator 

Systems at a total cost of $89,060 and previous delivery costs of approximately $25 per 
recovery system. The unit cost would therefore be: 

= ($89,060 + (15)(25)]/15 = $6,000/recovery system. 
Each Product Terminator System includes: a main control panel, product pump/probe 
with 25' of cable, full tank sensor with 25' of cable, product tank bung, 100' of product 
discharge line, auto level seek system, 90 day warranty and an operations manual. 

(24) Quantity: Total distance between recovery well(s) in this NAPL Area and the above 
ground OU-II NAPL storage tank. 

(25) Cost assumes installation of three types of subsurface lines: a 4-inch diameter PVC pipe in 
which the NAPL tubing transfer lines are located, a 1.5-inch diameter Schedule 40 
electrical conduit and a 1.5-inch diameter Schedule 40 control conduit. Cost includes: 
excavation of the utility trench, supply and installation of pipe bedding, installation of 
conduits and backfilling the area to grade. The NAPL conduit would be installed 3 to 3.5 
feet below grade and the electrical and control conduits would be located above the 
NAPL conduit. Up to four NAPL tubing transfer lines may be located in the 4-inch PVC 
pipe. Source: EnviroClean-Northeast. 

(26) Cost for installation of a 1,500 gallon tank with a prefabricated dike for secondary 
containment. Source: EnviroClean-Northeast. 

(27) Quantity: one recovery well in NAPL Area L3. 
(28) Assumes an installed unit cost of $750 for a prefabricated 3' by 3' by 3' concrete recovery 

well vault and one recovery well vault for the one NAPL recovery well in NAPL Area L3. 
Source: EnviroClean-Northeast. 

(29) Quantity: one recovery system for the one recovery well in NAPL Area L3. 
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(30) Cost for installation of a 250 gallon tank with a prefabricated dike for secondary 
containment. Source: EnviroClean-Northeast. 

(31) Quantity: assumes installation of eight recovery wells in NAPL Area L4. 
(32) Assumes an installed unit cost of $750 for a prefabricated 3' by 3' by 3' concrete recovery 

well vault and one recovery well vault for each of the eight NAPL recovery wells in 
NAPL Area L4. Source: EnviroClean-Northeast. 

(33) Quantity: one recovery system for each of the eight recovery wells in NAPL Area L4. 
(34) Quantity: Length of fence removed from NAPL Area LI to be replaced. Estimated to be 

the length of the recovery trench, 150 feet, plus and additional 20 feet on each side of the 
fence, i.e., 150 + (2)(20) = 190 feet. 

(35) Cost for installation of chain link fence on posts; includes labor and materials. Source: 
EnviroClean-Northeast 

(36) Assumes that regrading and reseeding would take approximately 3 crew-days to 
complete and that the crew rate would be approximately $2,000/day. Crew rate supplied 
by EnviroClean-Northeast, includes required machinery and supplies for regrading and 
seeding. Source: EnviroClean-Northeast. 

(37) Quantity: Samples would be collected from the following four media for waste 
classification: (a) overlying soil; (b) NAPL and associated subsurface soil; (c) solid wastes 
generated from ground water treatment; and (d) decon fluids. One sample would be 
collected every 1,000 cy of each of these media. Since less than 1,000 cy of each of these 
media would be generated, only one sample would be collected from each of these four 
media. Therefore, four samples would be collected for waste classification. 

(38) Cost: Analysis for RCRA characteristics and PCBs. Source: similar ERM-Northeast project 
experience. 

(39) Quantity: assumes one-quarter of the excavated overlying soil would require off-site 
disposal and that the density of the soil would be 1.5 tons/cy. 

- > i.e., (0.25)(88 cy)(1.5 tons/cy) = 33 tons 
(40) Cost: Current transport and disposal costs and 1994 bid costs for transport and disposal of 

solid materials having PCBs removed during OU-I (i.e., structures and debris) were 
reviewed to determine the transport and disposal cost for overlying soil having 
unacceptable concentrations of PCBs. 

The average bid costs submitted in 1994 for OU-I for transport and disposal of solid 
materials having PCBs (i.e., structures and debris) were as follows: 

Disposal (#02850.A): $185/cy 
Transportation (#02220.A): $163/cy 
Transportation and Disposal: $348/cy x (cy/1.5 tons) = $235/ton 

Current (i.e., December 1996) costs for transport to and disposal at the ChemWaste 
Management TSCA-permitted chemical waste landfill located in Model City, NY are: 

Disposal: $195/ton + 6% tax = $210/ton 
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Transportation: $1,400/load + 7% tax = $1,500/load (assumes that soil would be 
transported in a dump trailer having a capacity of 25 tons) 

Transport and Disposal: $210 + ($l,500/load)(load/25 tons) = $270/ton 

To be conservative, the higher of the two costs, i.e., $270/ ton was assumed. 

(41) Quantity assumes all the excavated NAPL and associated subsurface soil would require 
off-site disposal at a TSCA-approved chemical waste landfill and that the density of the 
soil would be 1.5 tons/cy. 

- > i.e., (110 cy)(1.5 tons/cy) = 165 tons 
(42) Quantity assumes that: (a) three 55-gallon drums of drill cuttings would be generated for 

each of the 13 wells installed by drilling (i.e., 12 recovery wells and one OU-II ground 
water monitoring well); (b) the drill cuttings would be disposed at an off-site chemical 
waste landfill; and (c) drill cuttings would be consolidated in a roll-off container or a 
dump trailer for disposal. (Note: drilling is not needed the three recovery wells located in 
the recovery trench) 

-> i.e., (13 wells)(3 drums/well)(7.35 cf soil/drum)(cy/27cf)(1.5 tons/cy soil) 
= 16 tons drill cuttings 

(42a) Quantity assumes one carbon vessel containing 2,000 lbs of carbon, one metals removal 
media vessel containing 1,000 lbs of media and four bag filters are used for ground water 
treatment would require disposal at a TSCA-permitted chemical waste landfill. Materials 
would be removed from their containers and placed in roll-offs for off-site disposal. The 
containers would be returned to the supplier. 

- > [2,000 lb + 1,000 lb + (4 filter bags)(20 lbs/filter bag)]/2,000 lbs/ton = 2 tons 
(42b) Quantity: assumes 10, 55-gallon drums of fluids are generated during decontamination of 

the temporary water storage tank. 
(42c) Conservatively assumes that the decon fluids would contain unacceptable concentrations 

of PCBs and would require off-site treatment and disposal. Cost includes disposal at 
CycleChem at $175/drum and $400/drum for transportation. 

(42d) Quantity assumes that one sample of recovered OU-II NAPL would initially be collected 
for waste classification purposes and thus analyzed for PCBs and RCRA characteristics. 
Subsequent samples of OU-II NAPL for disposal would be analyzed for reduced 
parameters to confirm that the waste stream has not changed. These on-going analytical 
costs are included in the annual O&M costs provided below. 

(43) Total cost for common actions as provided in Table J-l. 
(44) Cost for preparation of a Remedial Design/Remedial Action Work Plan. Source: similar 

ERM-Northeast project experience. 
(46) Quantity assumes 10% of the fencing around the former lagoon area (i.e., 10% x 1,680 feet 

= 168 feet) would require replacement annually. 
(47) Cost includes 8 hours of operator labor per week for 52 weeks a year at a rate of $60/hour. 

In addition, to O&M of the NAPL-only recovery systems, this cost also cover 
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implementation of the NAPL-only recovery enhancement methods discussed in Section 
7.3.1.8 (i.e., moving NAPL-only removal systems to adjacent NAPL monitoring wells and 
hot water injection). 

(48) Assumes the maintenance cost would be equal to the O&M labor cost. In addition, to 
O&M of the NAPL-only recovery systems, this cost also cover implementation of the 
NAPL-only recovery enhancement methods discussed in Section 7.3.1.8 (i.e., moving 
NAPL-only removal systems to adjacent NAPL monitoring wells and hot water injection). 

(49) Quantity conservatively assumes that 2 gallons of OU-II NAPL would be recovered from 
each of the 15 OU-II NAPL recovery wells daily. 

-> i.e., (2 gallons/day/well)(365 days/year)( 15 wells) = 10,950 gallons/year 
(50) Cost: Based on disposal of recovered OU-II NAPL at the Chem Waste Management facility 

in Port Arthur, Texas at a cost of $0.70/lb. This unit cost, which includes transportation, 
disposal and taxes, was converted to a per gallon cost as follows: 

- > ($0.70/lb)(7.31 lb/gallon of diesel fuel) = $5.12/gal 
(51) Cost assumes 16 hours of engineering oversight per month at a rate of $95/hour. 
(52) Cost is based on electrical costs experienced a similar site using these NAPL-only 

recovery systems for recovery of low viscosity fluids. Approximately $50 per month is 
incurred per month at this site for operation of two recovery pumps. This cost includes: 
pump operation, lights and controls. The cost for operation of 15 pumps would therefore 
be approximately $375 per month. 

(53) Quantity assumes one sample would be collected per shipment of OU-II NAPL. Since the 
NAPL would be disposed every 90 days, four samples would be collected annually. 

(54) Cost based on a reduced analysis to confirm that the waste stream has not changed. 
Source: EnviroClean-Northeast. 

(55) The cost assumes a discount rate of 7% in accordance with Revisions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and 15 years of NAPL-only recovery. 

(56) Cost includes 20 hours of engineering labor at a rate of $95/hour and $100 in expenses to 
perform the site inspection and to complete the annual inspection report. 

(57) The cost assumes a discount rate of 7% in accordance with Revisions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and 30 years of annual inspections. A 30 year inspection period 
was conservatively assumed based on the 30 year post-closure care period required for 
RCRA solid and hazardous waste units under federal regulation 40 CFR 246.117. 
However, as discussed in Sections 7.3.2.7 and 7.4.2.7, the 30 year period may be reduced at 
any time after the remedial action has been completed if site inspections demonstrate that 
the site is secure. 

(58) Quantity: The number of biosparging points was conservatively estimated using a sparge 
radius of influence of 15 feet per well and assuming that the total areal extent of NAPL in 
all four NAPL Areas (i.e., 11,900 + 1,100 + 2,200 + 26,400 = 41,600 sf) would require 
biosparging. The maximum number of biosparging wells would therefore be: 
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--> (41,600 sf /(pi)(15)2) = 60 wells 
(59) Cost based on an installed cost of $40 per linear foot for biosparging well points and an 

average well depth of 15 feet - > $40/ft x 15 ft/well = $600/well. Source: similar ERM-
Northeast project experience. 

(60) Cost includes installation of 1,000 linear feet of compressed air lines at a cost of $30/linear 
foot plus $800 for supply and installation of an air compressor. 

- > i.e., (1,000 lf)($30/lf) + 800 = $30,800 
Source: EnviroClean-Northeast. 

(61) Cost includes 4 hours of operator labor per week at a rate of $60/hour. 
(62) Assumes the maintenance cost would be one-half the O&M labor cost. 
(63) Cost includes 2 hours of engineering oversight per month at a rate of $95/hour. 
(64) Cost: assumes two, 10 HP air compressors/blowers with a 90% efficiency would be used 

and an electrical cost of $0.15/kwhr. 
--> (20 HP)(0.7457 kw/HP)(90% efficiency)($0.15/kwhr)(24 hours/day)(30 days/month) 

= $1,450/month 
(65) As discussed in Section 7.3.1.10, the range of operations for the biosparging system would 

be 3 to 10 years. The present worth of the O&M costs for biosparging conservatively 
assumes the biosparging system would be operated for 10 years. The present worth is also 
based on a discount rate of 7% in accordance with Revisions to OMB Circular A-94 on 
Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 June 
1993 (USEPA, 1993a). 

(66) Based on the estimated time for NAPL-only recovery (i.e., 15 years) biosparging would 
not be conducted until 15 years after the remedial action has commenced. The total cost 
for biosparging was therefore discounted back 15 years to 1996 dollars using a present 
worth single payment factor based on a discount rate of 7%. See Note (63) for the source 
of the discount rate. 
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Unit Quantity Unit Cost Cost Ref 
Item Description 

Capital Costs 

Excavation and Off-Site Disposal of NAPL and Soil 

Obtaining Access Agreements from Off-Site 

Property Owners 

Site Preparation 

Clearing and Grubbing, Remove Fence in NAPL 
Areas LI and L4 

Building Foundation Demolition 

Is 

crew-day 
crew-day 

3 

2 

$50,000 

$2,000 
$3,000 

Subtotal, Access Agreements and Site Preparation 

NAPL Excavation 

Equipment Mobilization/Demobilization 

Sheering for structures in NAPL Areas L3 & L4 

Excavate Overlying Soil 

Excavate Soil 

Stockpile Soil 

Sampling Overlying Soil for Backfill Reuse 

Excavate Bottom 5 Feet of NAPL and Soil 

Excavate NAPL and Soil 

Add Kiln Dust, if Materials are Wet 

Backfill Excavated NAPL Areas 

Backfill Acceptable Stockpiled Overlying Soil 

Backfill with Uncontaminated Fill 

Develop and Implement an Ambient Air 

Monitoring Plan 

Collection and Storage of Ground Water Removed 

During Trench Installation and Development 

Treatment and Discharge of Ground Water Removed 

During Trench Installation and Development 

Is 

sf 

cy 

cy 

sample 

c y 
cy 

cy 

cy 

Is 

Is 

Is 

1 

3,750 

14,040 

14,040 

35 

8,990 

1,500 

10,530 

12,500 

$500 

$32 

$4 

$150 

$25 

$10 

$30 

$100,000 

$100,500 

$50,000 0) 

$6,000 (2) 
$6,000 (3) 
$62,000 

$500 (4) 
$120,000 (5)(6) 

$112,320 (7)(8) 

$56,160 ' (7)(9) 

$5,250 00)(11) 

$71,920 (12)(8) 

$37,500 (13)(14) 

$105,300 (15)(16) 

$375,000 07)(18) 

$100,000 (19) 

1 $72,000 

Subtotal, NAPL Excavation 

$100,500 (20) 

$72,000 (20) 

$1,156,450 
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Unit Quantity Uni t Cost Cost 

Item Description 

Install Perimeter Monitoring Well 

Mobilize Drilling Equipment Is 1 $1,000 
Install Perimeter Monitoring Well each 1 $1,000 

Develop the OU-II Ground Water Monitoring Well hours 

Subtotal, Install Perimeter Monitoring Well 

$1,000 
$1,000 

$2,000 

Ref 

(21) 
(22) 

Site Restoration 
Reinstall Fence in NAPL Areas LI and L4 
Regrading and Seeding 
Restore Off-Site Roadway 
Restore Asphalt Pavement in NAPL Area L3 

If 400 $7 $2,800 (23)(24) 
sf 40,470 $0.10 $4,000 (25)(26) 
sf 13,250 $1.85 $24,513 (27)(28) 
sf 2,200 $1.85 $4,070 (29)(30) 

Subtotal, Site Restoration $35,383 

Excavation and Well Installation Materials Disposal 

Waste Classification Sampling 

Disposal 

Overlying Soil 

Non-TSCA waste (used as on-site backfill) 

TSCA waste 

NAPL and associated subsurface soil -

hazardous and TSCA waste 

Drill Cuttings - hazardous and TSCA waste 

Wastes Generated From Ground Water Treatment 

Solid Wastes 

Decon Fluids 

Asphalt from NAPL Area L3 and Roadway 

Concrete Building Foundation 

Fencing 

sample 

ton 

tons 

drum 

ton 

ton 
Is 

18 

1.50 

$1,000 

$270 

3 $270 

10 $575 

470 $15 

15 $35 
1 $800 

$18,000 (31)(32) 

cy 10,530 $0 see Note (15) above 

ton 5,265 $270 $1,421,550 (33)(34) 

ton 13,485 $270 $3,640,950 (35)(34) 

Subtotal, Materials Disposal 

$405 (36)(34) 

$810 (36a)(34) 

$5,750 (36b)(36c) 

$7,050 (37)(38) 

$539 (39)(40) 
$800 (41) 

$5,095,854 

Subtotal of Capital Costs for Excavation and Off-Site Disposal of NAPL and Soil $6,351,687 
Administrative, Engineering and Contingency Costs (45%) $2,858,259 

Total Capital Costs for Excavation and Off-Site Disposal of NAPL and Soil $9,209,946 
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Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 
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Item Description 

RD/RA Workplan 

Unit Quantity Unit Cost Cost 

Is 1 $95,000 

Ref 

$95,000 (43) 

Operating Costs 

Site Inspections 

Conduct Site Inspections 

Common Actions 

Total Remedial Action Capital Cost $9,304,946 

year 1 $2,000 

Present Worth of Annual O&M Costs for Site Inspections 

(30\jrs, discount rate of 7%, PWF=12.4090) 

Contingency (20%) 

Is $61,735 

$2,000 (44) 

$24,818 (45) 

$4,964 

$61,735 (42) 

Total Present Worth of Operating and Maintenance Costs $91,516 

Total Remedial Action Cost for Alternative III $9.396.462 
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Remedial Cost Estimate 
Alternative III: Excavation and Off-Site Disposal ofOU-II NAPL 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(1) Cost for technical and legal assistance to obtain access agreements from the off-site 
property owners to excavate off-site OU-II NAPL. Cost includes technical and legal 
participation at meetings with the off-site property owners and /or Metro-North, 
preparation of legal and technical documents and addressing other technical and legal 
issues. The cost includes approximately 150 hours of attorney time at a rate of $225 per 
hour, approximately 145 hours of technical time at a rate of $110 per hour and $850 for 
expenses. 

(2) Cost assumes 3 crew-days at a rate of $2,000 per crew day to clear and grub vegetation 
and to remove the fence in NAPL Area LI. The crew cost includes: labor, machinery and 
tools. Source: EnviroClean-Northeast. 

(3) Cost assumes 2 crew-days at a rate of $3,000 per crew day to demolish and remove the 
former building foundation located immediately adjacent to the pump house in NAPL 
Area L3. The crew cost includes: labor, machinery and tools. Source: EnviroClean-
Northeast. 

(4) Cost includes mobilization and demobilization of excavation equipment. Source: 
EnviroClean-Northeast. 

(5) Quantity: Assumes installation of sheeting around the following structures located in 
NAPL Areas L3 and L4: the former building foundation located immediately adjacent to 
the new treatment plant building in NAPL Area L3; the sludge digester in NAPL Area L3; 
and the equalization tanks located in NAPL Area L4. In total, approximately, 150 linear 
feet of sheeting would be required. Assuming an average sheeting depth of 25', the total 
area of sheeting required would be 3,750 sf. 

(6) The cost was based on the average 1994 OU-I bid cost for installation of sheeting around 
the Harmon Yard lagoon. Costs for this bid item (#02210.A) were $26.5, $21, $18, $31, $39, 
$12, $26.8 and $35/sf. The average bid cost for installation of 37,625 sf of sheeting was 
therefore: $26/sf. Since the bid costs were based on a larger quantity than needed for this 
alternative, the average bid cost was increased by 25% to $32/sf. 

(7) Quantity: As discussed in Appendix K, the extent of overlying soil excavation would be as 
follows: 

Extent of Depth of Volume of 
NAPL NAPL Overlying Overlying 
Area Excavation, sf Soil, ft Soil, cy 

LI 11,900 10 4,400 

L2 1,100 10 410 
L3 1,800 10 670 
L4 25,700 9 8,560 

Estimated Volume to be Excavated 14,040 cy 

A detailed description of the soil volume estimate is provided in Appendix K. 
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(8) Unit cost to excavate soil at the Site; includes equipment and equipment operators. 
Source: EnviroClean-Northeast. 

(9) Unit cost to stockpile excavated soil at the Site. Source: EnviroClean-Northeast. 
(10) Quantity assumes: (a) one sample is collected from the stockpiled overlying soil every 500 

cy; and (b) approximately 25% more samples would be needed for QC samples. Based on 
these assumptions, the total number of samples collected would be: 

- > (14,040 cy/500 cy) x 1.25 = 35 samples 
(11) Cost: assumes analysis for PCBs only. Source: NYTest laboratory 1994 quote for OU-II RI 

work. 
(12) Quantity: As discussed in Section 7.5.1.4, the thickness of NAPL and associated 

subsurface soil in the NAPL Areas is approximately 6 feet. The volume of NAPL and 
associated subsurface soil to be excavated would therefore be: 

Estimated Maximum Volume of 
Extent of Thickness of NAPL NAPL and 

NAPL NAPL and Associated Associated 
Area Excavation, sf Subsurface Soil, ft Soil, cy 

LI 11,900 6 2,645 
L2 1,100 6 245 
L3 1,800 6 400 
L4 25,700 6 5,700 

Estimated Volume to be Excavated 8,990 cy 

(13) Quantity assumes one-half ton of cement kiln dust is needed for every 3 tons of excavated 
NAPL and associated subsurface soil. The quantity of cement kiln dust (CKD) needed 
would be: 

= (8,990 cy NAPL and soil)(0.5 cy CKD/3 cy NAPL and soil) = 1,500 cy CKD 
(14) Cost includes supply (i.e., purchase and delivery) of CKD. Source: EnviroClean-

Northeast. 
(15) Quantity: Assumes 75% of the overlying soil (i.e., 0.75 x 14,040 cy = 10,530 cy) contains 

acceptable concentrations of PCBs and can be used as on-site backfill. 
(16) Cost for installation and compaction of overlying soil determined to be acceptable as on-

site backfill. Source: EnviroClean-Northeast. 
(17) Quantity of off-site uncontaminated fill required is: 

(the total volume of soil and NAPL excavated) 
- (the amount of overlying fill that has acceptable concentrations of PCBs (see Note 15)). 

As discussed in Notes (7) and (12), approximately 14,040 cy of overlying soil and 
approximately 8,990 cy of NAPL and associated subsurface soil would be excavated from 
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Remedial Cost Estimate 
Alternative III: Excavation and Off-Site Disposal ofOU-II NAPL 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

the Site. In total, approximately 23,030 cy of materials would be excavated. The quantity 
of off-site backfill required would therefore be: 

- > 23,030 cy -10,530 cy = 12,500 cy 
(18) Cost includes supply (i.e., purchase and delivery) and installation of off-site backfill. 

Source: EnviroClean-Northeast. 
(19) Cost includes development and implementation of an ambient air monitoring plan. The 

cost is based on previous experience at Harmon Yard specifically relating to ambient air 
monitoring at the Harmon Yard lagoon during implementation of the OU-I remedy. 

(20) Cost based on the removal, storage, treatment and discharge costs for Harmon Yard 
lagoon surface water incurred and estimated for the OU-I project. Total costs incurred for 
management of the 127,400 gallons of Harmon Yard lagoon surface water were: 

Pumping and Storage of Lagoon Surface Water: $ 85,400 
Treatment and Discharge of Lagoon Surface Water: $ 66,600 

Total Cost: $152,000 

These costs included: 
Pumping and Storage Treatment and Discharge* 
Labor: $34,900 Mobilization: $33,400 
Equipment: $38,000 Equipment Rental: $13,600 
Materials: $12,500 Labor & Materials: $19,600 

$85,400 $66,600 
* Costs for one month of water treatment. 

These costs were used as a basis to estimate costs for management of ground water 
removed to construct the NAPL recovery trench. 

An additional pumping and storage cost which was not incurred for removal of the OU-I 
lagoon surface water is installation of dewatering wells. Assuming one dewatering well is 
needed every 50 feet and the total area to be excavated is 40,470 sf (see below), 
approximately 21 dewatering wells would be needed, i.e., 40,470 sf/(pi)(25 ft)2 = 21. 

NAPL Area LI 11,900 
NAPL Area L2 1,100 
NAPL Area L3 1,800 
NAPL Area L4 25,700 

40,470 sf 

Dewatering wells would be installed to approximately 2 feet below the depth of 
excavation (i.e., 18 feet in total). Based on an installed cost of $40 per linear foot for a 4-
inch diameter PVC dewatering well, the cost to install each of the dewatering wells would 
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Remedial Cost Estimate 
Alternative III: Excavation and Off-Site Disposal ofOU-II NAPL 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

be approximately $720 (i.e., $40/ft x 18 ft). Therefore, the total cost for installation of 21 
dewatering wells would be $15,100. 

The estimated pumping and storage cost for ground water removed during excavation of 
NAPL and associated subsurface was therefore estimated to be equal to the OU-I standing 
water pumping and storage cost plus the cost for installation of dewatering wells (i.e., 
was assumed to be equal to the cost incurred for management of OU-I lagoon surface 
water, i.e., $85,400 + $15,100 or $100,500. 

The base cost for treatment and discharge of ground water removed during excavation of 
NAPL and associated subsurface soil was assumed to be equal to the cost for management 
of OU-I lagoon surface water, i.e., $66,600. However, the cost provided above for 
treatment and discharge is a vendor estimate; final costs for this activity are not available 
to ERM. It has conservatively been assumed that the vendor estimate does not include 
costs for the following elements: temporary discharge piping, equipment 
decontamination and disposal of waste generated during ground water treatment. 
Estimated costs for these elements follow. 

Temporary Discharge Piping: The distance between the proposed location for the NAPL 
recovery trench and the new water treatment plant is approximately 300 feet. Based on a 
cost of $7/If for temporary hose and assuming a 25% contingency for the amount of hose, 
the total cost for this element would be = (300 ft)($7/If)(1.25) = $2,625. 

Equipment Decontamination: Assume approximately 10 drums of decon fluids are 
generated during equipment decontamination. (Costs for sampling and disposing 
drummed decon fluids is included in the disposal section.) 
Decon Equipment: (1 crew day)($2,000 per day): $2,000 
Confirmatory Wipe Samples: (3 samples)($150/sample): 450 

$2,450 

The total cost for treatment and discharge of ground water removed during excavation of 
NAPL and associated subsurface soil was therefore estimated to be equal to $66,600 + 
2,625 + 2,450 = $72,000. 

(21) Cost for mobilization and demobilization of drilling equipment. Source: similar ERM-
Northeast project experience. 

(22) Cost based on an installed cost of $40 per linear foot for a 4-inch diameter PVC recovery 
well and an average well depth of 25 feet —> 40 x 25 = $1,000/well or approximately 
$400/well. Source: similar ERM-Northeast project experience. 

(23) Quantity: Length of fence removed from NAPL Areas LI and L4 to be replaced. 
(24) Cost for installation of chain link fence on posts. Source: EnviroClean-Northeast. 
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Remedial Cost Estimate 
Alternative III: Excavation and Off-Site Disposal ofOU-II NAPL 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(25) Quantity assumes the entire area excavated (i.e., 40,470 sf) would be regraded and seeded. 
(26) Cost for regrading and reseeding; includes labor, equipment and materials. Source: 

EnviroClean-Northeast. 
(27) Quantity assumes: (a) approximately 530 feet of the off-site roadway, in total, would be 

removed in the off-site portions of NAPL Areas LI and L4; and (b) the roadway is 
approximately 25 feet wide. The total area requiring repaving would therefore be: 

- > (530')(25') = 13,250 sf 
(28) Unit cost for asphalt roadway paving. Cost includes installation of a 5-inch base with a 2-

inch asphalt cover. Source: EnviroClean-Northeast. 
(29) Quantity assumes restoration of approximately 2,200 sf of pavement in NAPL Area L3. 
(30) Cost: unit cost for supply and installation of asphalt pavement. Cost includes installation 

of a 5-inch base with a 2-inch asphalt cover. Source: EnviroClean-Northeast. 
(31) Quantity: Samples would be collected from the following four media for waste 

classification: (a) overlying soil; (b) NAPL and associated subsurface soil; (c) solid wastes 
generated from ground water treatment; and (d) decon fluids. The total number of waste 
classification samples would therefore: 

Overlying Soil: (7,020 cy/1,000 cy) = 7 samples 
NAPL and Associated Subsurface Soil: (8,990 cy/1,000 cy) = 9 samples 
Solid Wastes Generated from Ground water treatment: 1 sample 
Decon Fluids: 1 sample 

or 18 waste classification samples. 
(32) Cost: Analysis for RCRA characteristics and PCBs. Source: similar ERM-Northeast project 

experience. 
(33) Quantity: assumes one-quarter the excavated overlying soil would require off-site 

disposal and that the density of the soil would be 1.5 tons/cy. 
- > i.e., (0.25)(14,040 cy)(1.5 tons/cy) = 5,265 tons 

(34) Cost: Current transport and disposal costs and bid costs for transport and disposal of 
solid materials removed during OU-I having PCBs (i.e., structures and debris) were 
reviewed to determine the transport and disposal cost for overlying soil having 
unacceptable concentrations of PCBs. 

Vendor averages of the bid costs submitted in 1994 for transport and disposal of solid 
materials removed during OU-I having PCBs (i.e., structures and debris) were as follows: 

Disposal (#02850.A): $185/cy 
Transportation (#02220.A): $163/cy 
Transportation and Disposal: $348/cy x (cy/1.5 tons) = $235/ton 

Current (i.e., December 1996) costs for disposal at the ChemWaste Management TSCA-
permitted chemical waste landfill located in Model City, NY are: 

Disposal: $195/ton + 6% tax = $210/ton 
Transportation: $1,400/load + 7% tax = $1,500/load (assumes that soil would be 
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Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

transported in a dump trailer having a capacity of 25 tons) 
Transport and Disposal: $210 + ($l,500/load)(load/25 tons) = $270/ton 

To be conservative, the higher of the two costs, i.e., $270/ton was assumed. 

(35) Quantity assumes all excavated NAPL and associated subsurface soil would require off-
site disposal and that the density of the soil would be 1.5 tons/cy. 

- > i.e., (8,990 cy)(1.5 tons/cy) = 13,485 tons 
(36) Quantity: assumes three 55-gallon drums of drill cuttings would be generated during 

installation of the perimeter monitoring well. 
-> i.e., (1 well)(3 drums/well)(7.35 cf soil/drum)(cy/27 cf)(1.5 tons/cy soil) 

= 1.5 tons drill cuttings 
(36a) Quantity assumes two carbon vessels containing 2,000 lbs of carbon, one metals removal 

media vessel containing 2,000 lbs of media and eight bag filters each weighing 20 lbs are 
used for ground water treatment and require disposal at a TSCA-permitted chemical 
waste landfill. Materials would be removed from their containers and placed in roll-offs 
for off-site disposal, the containers would be returned to the supplier. The total quantity 
of solid waste generated from ground water treatment would therefore be: 

- > [(2)(2,000 lbs) + (2,000 lbs) + (8)(20)]/2,000 lbs / ton = 3 tons 
(36b) Quantity: assumes 10, 55-gallon drums of fluids are generated during decontamination of 

the temporary water storage tank. 
(36c) Conservatively assumes that the decon fluids would contain unacceptable concentrations 

of PCBs and would require off-site treatment and disposal. Cost includes disposal at 
CycleChem at $175/drum and $400/drum for transportation. 

(37) Quantity: The quantity of asphalt removed would be equal to: 
- > (2,200 sf + 13,250 sf)(0.75 feet)(81 lbs asphalt/cf)(ton/2,000 lbs) 

= 470 tons 
(38) Cost for transport to and disposal at an asphalt recycler. Source: EnviroClean-Northeast. 
(39) Quantity: volume of concrete to be disposed from demolition of the former building 

foundation located immediately adjacent to the pump house in NAPL Area L3. 
—> [(320 sf)(0.5 feet thick)/27 cf/cy][2.6 tons concrete/cy] = 15 tons of concrete 

(40) Cost for transport to and disposal at a construction and demolition debris (C&D) landfill 
or at a concrete recycler. Source: EnviroClean-Northeast. 

(41) Cost to dispose approximately 400 feet of fencing removed from NAPL Areas LI and L4 
at a C&D landfill. Source: EnviroClean-Northeast. 

(42) Total cost for common actions as provided in Table J-l. 
(43) Cost for preparation of a Remedial Design/Remedial Action Work Plan. Source: similar 

ERM-Northeast project experience. 
(44) Cost includes 20 hours of engineering labor at a rate of $95/hour and $100 in expenses to 

perform the site inspection and to complete the annual inspection report. 
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(45) The cost assumes a discount rate of 7% in accordance with Revisions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and 30 years of annual inspections. A 30 year inspection period 
was conservatively assumed based on the 30 year post-closure care period required for 
RCRA solid and hazardous waste units under federal regulation 40 CFR 246.117. 
However, as discussed in Sections 7.3.2.7 and 7.4.2.7, the 30 year period may be reduced at 
any time after the remedial action has been completed if site inspections demonstrate that 
the site is secure. 
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Item Description 

Capital Costs 

Access Restrictions 

Notices to Off-Site Property Owners 

Unit Quanti ty Unit Cost Cos t 

hour 16 $225 

Subtotal, Access Restrictions 

$3,600 

$3,600 

Ref 

(1) 

Pre-Design Studies 

Additional Delineation in NAPL Area L4 

Bench-Scale - Groundwater Treatment 

Pilot Tests 

Site Preparation 

Clearing and Grubbing, Remove Fence in NAPL 
Area LI, Regrading in NAPL Area L4 

Is 

Is 

Is 

crew-day 

$11,000 

$15,000 

$175,000 

$2,000 

Subtotal, Pre-Design Studies and Site Preparation 

$11,000 

$15,000 

$175,000 

$6,000 

$207,000 

(2) 

(3) 

(3) 

(4) 

Mobilization/Demobilization 

Extended Arm Excavator 

Drilling Equipment 

Is 1 $10,000 $10,000 (5) 

Is 1 $1,000 $1,000 (5) 

Subtotal, Mobilization/Demobilization $11,000 

NAPL Area LI Recovery Trench 

Excavate Soil and NAPL for.the NAPL Recovery Trench 
Equipment Rental 
Trench Box 
Extended Arm Excavator 

Stockpile Excavated Overlying Soil 
Add Kiln Dust to Excavated NAPL and 

Associated Subsurface Soil, if Needed 
Construct Recovery Trench 
Install Washed Gravel 
Sample Overlying Soil for Backfill Reuse 
Backfill Acceptable Overlying Soil 
Install Additional Soil Backfill 

Collection and Storage of Ground Water Removed 
During Trench Installation and Development 

day 11 $1,200 $13,200 (6)(7) 
day 11 $5,000 $55,000 (6)(8) 
cy 144 S4 $576 (9)00) 
cy 47 $25 $1,175 (")02) 

ton 640 S35 $22,400 03)04) 
sample 6 SI 50 $900 (15)06) 

<7 109 $10 $1,090 (17)(18) 

cy 15 $30 $450 (19)(20) 

Is 1 $28,500 $28,500 (21) 
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Remedial Cost Estimate 

Alternative IV: OU-II NAPL Removal Using NAPL Recovery with Ground Water Depression 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Uni t Q u a n t i t y Un i t Cos t Cost Ref 

NAPL Area LI Recovery Trench 
Treatment and Discharge of Ground Water Removed 

During Trench Installation and Development 
Develop and Implement an Air Monitoring Plan 
Classification Sampling for Wastes Generated 

During Trench Construction and Well Installation 
Disposal 
Overlying Soil 

Non-TSCA waste (used as on-site backfill) 
TSCA waste 

NAPL, associated subsurface soil and sat'd soil -
hazardous and TSCA waste 

Saturated soil - non-hazardous soil 

NAPL Area LI and L2 Recovery Systems 

Install Recovery Wells 
Install Well Vaults 

Develop 6 Recovery Wells and the OU-II 

Ground Water Monitoring Well 

Install Recovery Systems 

GW Depression and NAPL Recovery Systems 
NAPL Transfer Piping and Utility Conduits 
GW Transfer Piping 
NAPL Storage Tank (1,500 gallons) 

NAPL Area L3 Recovery System 

Install NAPL Recovery Wells 

Well Vaults 
Develop the Recovery Well 
GW Depression and NAPL Recovery Systems 
NAPL Transfer Piping and Utility Conduits 
GW Transfer Piping 
NAPL Storage Tank (250 gallons) 

Is 1 $27,275 $27,275 (21) 

Is 1 $50,000 $50,000 (21a) 

sample 5 $1,000 $5,000 (22)(23) 

ton 

ton 

ton 

each 
each 

wells 

each 
If 
If 

each 

each 
each 
well 
each 

If 
If 

each 

109 $0 see Note (17) above 

54 $270 $14,580 (24)(25) 

246 $270 $66,420 (26)(25) 

180 $55 $9,900 (27)(28) 

LI Recovery Trench $296,466 

1 $1,000 $1,000 (29)(30) 

6 $750 $4,500 (31) 

7 $425 $2,975 (32)(33) 

6 $8,000 $48,000 (34)(35) 

300 $22 $6,600 (36)(37) 

490 $22 $10,780 (38)(39) 

1 $6,000 $6,000 (40) 

J. Recovi •n/ Systems $79,855 

1 $1,000 $1,000 (41)(43) 

1 $750 $750 (42) 

1 $425 $425 (41)(33) 

1 $8,000 $8,000 (43)(35) 

25 $22 $550 (36)(37) 

40 $22 $880 (38)(39) 

1 $3,800 $3,800 (44) 

L3 Recoi >eru Si/stem $15,405 
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Uni t Q u a n t i t y Un i t Cost Cost Ref 

NAPL Area L4 Recovery Trench and Systems 

Install NAPL Recovery Trench 

Construction Base Cost - based on NAPL Area LI 

Costs Differing from NAPL Area LI 

380 $1,162 $441,544 (45)(46) 

Stockpile Excavated Overlying Soil cy 217 $4 $868 (47)(10) 

Backfill Acceptable Overlying Soil cy 164 $10 $1,643 (48)(18) 

Install Additional Soil Backfill cy 0 $30 $0 (49)(20) 

Sample Overlying Soil for Backfill Reuse sample 8 $150 $1,200 (50)(16) 

Overlying Soil Disposal 
Non-TSCA waste (used as on-site backfill) cy 164 $0 see Note (48) above 

TSCA waste ton 79 $270 $21,364 (51)(25) 

Well Vaults each 9 $750 $6,750 (52) 

Develop the 9 Recovery Wells well 9 $425 $3,825 (53)(45) 

GW Depression and NAPL Recovery Systems each 9 $8,000 $72,000 (54)(35) 

NAPL Transfer Piping and Utility Conduits If 500 $22 $11,000 (36)(37) 

GW Transfer Piping If 520 $22 $11,440 (38)(39) 

NAPL Storage Tank (1,500 gallons) each 1 $6,000 $6,000 (40) 

Subtotal, NAPL Area L4 Rccovcn/ Tren ch and Systems $577,633 

Ground Water Treatment System 

Metals Removal Is 1 $890,000 $890,000 (55) 

Liquid Phase Carbon Is 1 $75,000 $75,000 (56) 

Building Is 1 $180,000 $180,000 (57) 

Discharge to Surface Water (Sampling Manhole) each 1 $2,000 $2,000 (58) 

Subtotal, Groiui / Water Treatment System $1,147,000 

Site Restoration 

Reinstall Fence in NAPL Area LI If 280 $7 $1,960 (59)(60) 

Regrading and Seeding crew-day 3 $2,000 $6,000 (61) 

Subtotal, . Site Restoration $7,960 
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Trench and Well Installation Materials Disposal 

Drill Cuttings - hazardous and TSCA waste 

Wastes Generated From Ground Water Treatment 

Solid Wastes 

Decon Fluids 

Initial Classification Sampling for OU-II NAPL 

Unit Quantity Unit Cost Cost Ref 

ton 

tons 

drum 

sample 

4 

10 

1 

$270 

$270 

$575 

$1,000 

Subtotal, Materials Disposal 

Subtotal of Capital Costs for Installation of Recovery Systems 
Administrative, Engineering and Contingency Costs (45%) 

Total Capital Costs for Installation of Recovery Systems 

$1,080 (62)(25) 

$1,080 (63)(25) 

$5,750 (64)(65) 

$1,000 (66)(23) 

$8,910 

$2,354,829 
$1,059,673 
$3,414,503 

RD/RA Workplan Is $50,000 $50,000 (67) 

System Startup 

Operation of NAPL Recovery and Ground Water Depression Systems 

O&M Labor hours 
O&M Materials Is 
Transportation and Disposal of NAPL gallons 
Engineering Oversight hours 
Electrical year 
Chemical Usage Is 
Sludge Disposal gal 
LPC Regeneration lbs 
Discharge Compliance Sampling quarterly 
NAPL Analytical (Confirmation) sample 

Subtotal, Startup System 

Present Worth of Start-Up Costs (Year 1, discount rate of 7%, PWF= 0,9346 ) 

Contingency (20%) 

Total Remedial Action Capital Cost 

2,080 $60 
1 $50,000 

14,600 $5.12 
384 $95 

1 $10,512 
1 $98,812 

28,472 $5.12 
3,943 $2 

4 $1,500 
4 $150 

$124,800 (68) 
$50,000' (69) 
$74,752 (70)(71) 

$36,480 (72) 
$10,512 (73) 
$98,812 (74) 

$145,777 (75)(71) 
$7,886 (76)(77) 

$6,000 (78) 
$600 (79)(80) 

$555,619 

$519,281 (81) 

$103,856 

$4,087,640 
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Alternative IV: OU-II NAPL Removal Using NAPL Recovery with Ground Water Depression 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Unit Quant i ty Unit Cost Cost Ref 

Operating Costs 

Operation of NAPL Recovery and Ground Water 

Depression Systems 

O&M Labor 

O&M Materials 
Transportation and Disposal of NAPL 
Engineering Oversight 
Electrical 
Chemical Usage 

Sludge Disposal 
LPC Regeneration 

Discharge Compliance Sampling 

NAPL Analytical (Confirmation) 

Subtotal of Annual O&M Costs for GW Depression NAPL-Only Recovery 

Present Worth of Annual O&M Costs for GW Depression NAPL-Only Recovery 

(Years 2 through 3.5, discount rate of 7%, PWF= 2.078 ) 

hours 2,080 $60 
Is 1 $50,000 

gallons 14,600 $5.12 

hours 384 $95 

year 1 $10,512 

Is 1 $100,000 

gal 2,190 $5.12 

lbs 3,943 $2 

quarterly 4 $1,500 

sample 4 $150 

Access Restrictions 
Fence Maintenance If 168 $7 

Subtotal of Annual O&M Costs for Access Restrictions 

Present Worth of Annual O&M Costs for Access Restrictions 

(3.5 yrs, discount rate of 7%, PWF= 3.01 ) 

Site Inspections 

Conduct Site Inspections year $2,000 

Present Worth of Annual O&M Costs for Site Inspections 

(30 yrs, discount rate of 7%, PWF=12.4090) 

Subtotal Present Worth of Operating and Maintenance Costs 

Contingency (20%) 

Common Actions Is 1 $61,735 

$124,800 (68) 

$50,000 (69) 

$74,752 (70)(71) 

$36,480 (72) 

$10,512 (73) 

$100,000 (74) 

$11,213 (75)(71) 

$7,886 (76)(77) 

$6,000 (78) 

$600 (79)(80) 

$422,243 

$877,421 (82) 

$1,176 (83)(60) 

$1,176 

$3,540 (84) 

Subtotal Present Worth of Operating and Maintenance Costs 

Total Remedial Action Cost for Alternative IV $5.236.309 

$2,000 (85) 

$24,818 (86) 

$905,778 

$181,156 

$61,735 (87) 

$1,148,669 

$5,236,309 
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(1) Cost assumes 16 hours of attorney time at a rate of $225 per hour to prepare notices to the 
off-site property owners. These notices would discuss the location and extent of off-site 
OU-II NAPL on their property. 

(2) Cost includes installation and monitoring of approximately four temporary NAPL 
monitoring wells in NAPL Area L4. Three of the four wells would be located in the 
northeast section of NAPL Area L4 and the remaining well would be located in the 
southwest section of this area. The drilling component costs were obtained from OU-II RI 
quote submitted by ADT, the selected bidder. (The quoted drilling costs were increased 
by 25% since the lowest bid cost and not the average bid cost was assumed). The geologist 
costs were based on ERM labor costs. 

Drilling Costs 
mobilization/ demobilization 
split spoon samples 
every 5' 

install 2" diameter wells 
complete wells 
install protective casing 
develop wells 
steam cleaning 
stage cuttings and 
development water 
perdiem 
standby 

Geologist Costs 
drilling oversight 
conduct NAPL monitoring 
coordination with contractor 

$500 $500 
$15/sample 4 samples/well 240 

x 4 wells 
$6/ If 20 feet/ well x 4 wells 480 

$320/well 4 wells 1,280 
$200/well 4 wells 800 
$125/well "4 wells 500 

$100/hr 6 hours 600 
$110/hr 6 hours 660 

$175/day 2 persons x 1 day 350 
$150/hr 4 hours 600 

$6,010 
xl .25 

Subtotal of Drilling Costs $7,500 

$65/hour 16 days $1,040 
$65/day 32 days 2,080 

$95/hour 4 hours 380 
Subtotal of Geologist Costs $3,500 

Total Estimated Cost for Additional NAPL Monitoring $11,000 

(3) Costs for bench-scale and pilot studies are based on similar project experience. 
(4) Cost assumes 4 crew-days at a rate of $2,000 per crew day to clear and grub vegetation, 

remove the fence in NAPL Area LI, and regrade in NAPL Area L4. The crew cost 
includes: labor, machinery and tools. Source: EnviroClean-Northeast 
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Remedial Cost Estimate 
Alternative IV: OU-IINAPL Removal Using NAPL Recovery With Ground Water 
Depression 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(5) Cost includes mobilization and demobilization of machinery. Source: EnviroClean-
Northeast and similar ERM-Northeast project experience. 

(6) Alternative II assumed 5 days for installation of the trench in NAPL Area LI. Under that 
alternative approximately 88 cy of overlying soil and 110 cy of NAPL and associated soil 
would be excavated. Therefore, approximately, 40 cy/day would be excavated under 
Alternative II for the NAPL Area LI trench. Under Alternative IV, approximately 143 cy 
of overlying soil and 284 cy of NAPL, associated soil and saturated soil would be 
excavated to construct the NAPL Area LI recovery trench. At 40 cy/day, excavation of 
this quantity (i.e., 427 cy) would take approximately 11 days to complete. 

(7) Cost: Based on the maximum depth of excavation (approximately 25'), two 16' deep 
trench boxes would be needed to excavate the trench. At a cost of $600/day/box, the 
rental rate for two boxes would be $1,200/day. Source: EnviroClean-Northeast 

(8) Cost: daily rental cost for an extended arm excavator. Source: EnviroClean-Northeast. 
(9) Quantity includes overlying soil and additional soil required to install the well vaults. 

Based on the cross-section of the proposed location of the NAPL recover)' trench, 
approximately 141 cy of overlying soil would be removed to construct the trench (see 
Appendix K for this calculation). An additional 3 cy of soil would also be removed 
adjacent to the NAPL recovery trench to accommodate the recovery well vaults. 
Therefore, the total volume of soil placed in the temporary stockpile would be: 

—> 141 cy + 3 cy = 144 cy. 
(10) Cost: unit cost to temporarily stockpile soil; includes polysheeting, loader and equipment 

operator. Source: EnviroClean-Northeast. 
(11) Quantity assumes one-half ton of cement kiln dust is needed for every 3 tons of excavated 

NAPL and associated subsurface soil. Based on a trench depth of 25 feet and an average 
overlying soil depth of 8.5 feet, approximately 16 feet of NAPL and associated subsurface 
soil excavated would be excavated. A minimal amount of additional soil would also be 
removed to accommodate the perimeter monitoring well. The quantity of NAPL and 
associated subsurface soil excavated would therefore be 284 cy (i.e., (240' x 2' x 16')/(27 
cf/cy)). Based on this estimate, the quantity of cement kiln dust (CKD) needed would be: 

= (284 cy NAPL and soil)(0.5 cy CKD/3 cy NAPL and soil) = 47 cy 
(12) Cost includes supply (i.e., purchase and delivery) of CKD. Source: EnviroClean-

Northeast. 
(13) Quantity of gravel needed for a trench 240' long by 2' wide with a gravel depth of 18'. 

- > [(240' x 2' x 18')/(27 cf/cy)](2 cy/ ton) = 640 ton 
(14) Cost includes supply and installation of washed gravel. Source: EnviroClean-Northeast. 
(15) Quantity assumes 1 sample would be collected for every 50 cy of stockpiled soil (i.e., 144 

cy/50 cy = 3) and an additional three samples would be collected for QC (i.e., MS, MS-D 
and duplicate). 

(16) Cost assumes analysis for PCBs only. Source: NYTest laboratory 1994 quote for OU-II RI 
work. 
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Remedial Cost Estimate 
Alternative IV: OU-IINAPL Removal UsingNAPL Recovery With Ground Water 
Depression 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(17) Quantity assumes three-quarters of the overlying soil (i.e., 0.75 x 144 cy = 106 cy) and all 
the soil excavated to accommodate the recovery well vaults (i.e., 3 cy) has acceptable 
concentrations of PCBs and can be used as backfill. Therefore, 109 cy would be available 
for construction of the NAPL recovery trench. 

(18) Cost for installation and compaction of stockpiled backfill; includes: equipment and 
equipment operators. Source: EnviroClean-Northeast. 

(19) The quantity of off-site uncontaminated fill required to construct the recovery trench = 
(the total quantity of uncontaminated fill needed to construct the recovery trench) 
- (the amount of overlying fill that has acceptable concentrations of PCBs, i.e., 109 cy). 
The total quantity of backfill required to construct the recovery trench: 

= (240 'x2 'x7 ' ) /27 = 124cy 
The quantity of off-site uncontaminated fill required to construct the recovery trench is 
therefore: 

- = 124 cy -109 cy = 15 cy 
(20) Cost includes supply of off-site uncontaminated fill, transportation to the Site, installation 

and compaction. Source: EnviroClean-Northeast. 
(21) Costs are based on the removal, storage, treatment and discharge costs for Harmon Yard 

lagoon surface water incurred and estimated for the OU-I project. Costs for management 
of the 127,400 gallons of Harmon Yard lagoon surface water included: 

Pumping and Storage of Lagoon Surface Water: $ 85,400 (incurred cost) 
Treatment and Discharge of Lagoon Surface Water: $ 66,600 (contractor estimate) 

Total Cost: $152,000 

These costs included: 
Pumping and Storage Treatment and Discharge* 
Labor: $34,900 Mobilization: $33,400 
Equipment: $38,000 Equipment Rental: $13,600 
Materials: $12,500 Labor & Materials: $19,600 

$85,400 $66,600 
* Estimated contractor costs for one month of water treatment. 

These costs were used as a basis to estimate costs for management of ground water 
removed to construct the NAPL recovery trench. 

Dewatering of the recovery trench would be accomplished with the recovery wells to be 
installed within the trench. The cost for management of ground water removed during 
construction of the 150' by 2' wide NAPL recovery trench should be considerably less 
than those incurred for managing the large volume of lagoon surface water. The estimated 
pumping and storage cost for ground water removed during trench installation was 
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Remedial Cost Estimate 
Alternative IV: OU-IINAPL Removal Using NAPL Recovery With Ground Water 
Depression 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

therefore estimated to be one-third the OU-I standing water pumping and storage cost, 
i.e., $85,400/3 = $28,500. 

The base cost for treatment and discharge of ground water removed during excavation of 
NAPL and associated subsurface soil was also assumed to be one-third the cost incurred 
for management of OU-I lagoon surface water, i.e., $66,600/3 = 22,200. However, the cost 
provided above for treatment and discharge is a vendor estimate; final costs for this 
activity are not available to ERM. It has conservatively been assumed that the vendor 
estimate does not include costs for the following elements: temporary discharge piping, 
equipment decontamination and disposal of waste generated during ground water 
treatment. Estimated costs for these elements follow. 

Temporary Discharge Piping: The distance between the proposed location for the NAPL 
recovery trench and the new water treatment plant is approximately 300 feet. Based on a 
cost of $7/If for temporary hose and assuming a 25% contingency for the amount of hose, 
the total cost for this element would be = (300 ft)($7/lf)(1.25) = $2,625. 

Equipment Decontamination: Assume approximately 10 drums of decon fluids are 
generated during equipment decontamination.'(Costs for sampling and disposing 
drummed decon fluids is included in the disposal section.) 
Decon Equipment: (1 crew day)($2,000 per day): $2,000 
Confirmatory Wipe Samples: (3 samples)($150/sample): 450 

$2,450 

The total cost for treatment and discharge of ground water removed during excavation of 
NAPL and associated subsurface soil was therefore estimated to be equal to $22,200 + 
2,625 + 2,450 = $27,275. 

(21a) Cost includes development and implementation of an ambient air monitoring plan. The 
cost is based on previous experience at Harmon Yard specifically relating to ambient air 
monitoring at the Harmon Yard lagoon during implementation of the OU-I remedy. 

(22) Quantity: Samples would be collected from the following five media for waste 
classification: (a) overlying soil; (b) NAPL and associated subsurface soil; (c) saturated 
soil; (d) solid wastes generated from ground water treatment; and (e) decon fluids. One 
sample would be collected every 1,000 cy of each of these media. Since less than 1,000 cy 
of each of these media would be generated, only one sample would be collected from each 
of these four media. Therefore, four samples would be collected for waste classification. 

(23) Cost: Analysis for RCRA characteristics and PCBs. Source: similar ERM-Northeast project 
experience. 
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(24) Quantity: assumes one-quarter of the excavated overlying soil would require off-site 
disposal and that the density of the soil would be 1.5 tons/cy. 

- > i.e., (0.25)(143 cy)(1.5 tons/cy) = 54 tons 
(25) Cost: Current transport and disposal costs and 1994 bid costs for transport and disposal of 

solid materials having PCBs removed during OU-I (i.e., structures and debris) were 
reviewed to determine the transport and disposal cost for overlying soil having 
unacceptable concentrations of PCBs. 

The average bid costs submitted in 1994 for OU-I for transport and disposal of solid 
materials having PCBs (i.e., structures and debris) were as follows: 

Disposal (#02850.A): $185/cy 
Transportation (#02220.A): $163/cy 
Transportation and Disposal: $348/cy x (cy/1.5 tons) = $235/ton 

Current (i.e., December 1996) costs for transport to and disposal at the ChemWaste 
Management TSCA-permitted chemical waste landfill located in Model City, NY are: 

Disposal: $195/ton + 6% tax = $210/ton 
Transportation: $l,400/load + 7% tax = $l,500/load (assumes that soil would be 

transported in a dump trailer having a capacity of 25 tons) 
Transport and Disposal: $210 + ($l,500/load)(load/25 tons) = $270/ton 

To be conservative, the higher of the two costs, i.e., $270/ton was assumed. 

(26) Quantity assumes all the excavated NAPL and associated subsurface soil and 25% of the 
saturated soil would require off-site disposal at a TSCA-approved chemical waste landfill 
and that the density of the soil would be 1.5 tons/cy. 

- > i.e., (144 cy)(1.5 tons/cy) +(0.25)(160 cy)(1.5 tons/cy) = 246 tons 
(27) Quantity assumes three quarters of the saturated soil removed will be disposed as a non-

hazardous waste. 
- > i.e., (0.75)(160 cy)(1.5 tons/cy) = 180 tons 

(28) Cost assumes disposal of materials at a non-hazardous waste landfill. 
(29) Quantity: All NAPL recovery wells in NAPL Area LI would be located in the NAPL 

recovery trench. Therefore, only one NAPL recovery, in NAPL Area L2) would not be 
installed in a recovery trench. This well would be installed using drilling equipment; the 
other recovery wells located in the trench would be placed into the trench during 
construction and therefore would not require drilling. 

(30) Cost based on an installed cost of $40 per linear foot for a 4-inch diameter PVC recovery 
well and an average well depth of 25 feet —> $40/ft x 25 ft = $1,000/recovery well. Source: 
similar ERM-Northeast project experience. 
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Depression 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(31) Assumes an installed unit cost of $750 for a prefabricated 3' by 3' by 3' concrete recovery 
well vault and one recovery well vault for each of the six NAPL recovery wells in NAPL 
Areas LI and L2. Source: EnviroClean-Northeast. 

(32) Quantity includes the six recovery wells located in NAPL Areas LI and L4 and the OU-II 
ground water monitoring well. 

(33) Costs includes 5 hours of hand bailing per well at a rate of $65 per hour plus $100 per well 
for expenses. Source: similar ERM-Northeast project experience. 

(34) Quantity: one recovery system for each of the six recovery wells. 
(35) Cost based on a quote from Earth Technology for supply of 16 Product Terminator 

Systems at a total cost of $94,996,16 Grundfos ground water depression pumps at a total 
cost of $27,120 and anticipate delivery costs of approximately $75 per recovery system. 
The unit cost would therefore be: 

= ($94,996 + $27,120 + (16)(75)]/16 = $7,700/recovery system 
or approximately $8,000/unit 

Each two-pump system includes: a main control panel, product pump/probe with 25' of 
cable, full tank sensor with 25' of cable, product tank bung, 100' of product discharge line, 
auto level seek system, 90 day warranty, an operations manual and solenoid control 
valve. 

(36) Quantity: Total distance between recovery well(s) in this NAPL Area and the above 
ground OU-II NAPL storage tank. 

(37) Cost assumes installation of one 4-inch diameter PVC pipe in which the NAPL tubing 
transfer lines are located. Cost includes: excavation of the trench, supply and installation 
of pipe bedding, installation of conduits and backfilling the area to grade. The NAPL 
conduit would be installed 3 to 3.5 feet below grade. Up to four NAPL tubing transfer 
lines may be located in the 4-inch PVC pipe. Source: EnviroClean-Northeast. 

(38) Quantity: Total distance between recovery well(s) in this NAPL Area and the ground 
water treatment facility. 

(39) Cost assumes installation of one double wall 4-inch diameter PVC pipe for ground water 
transfer. Cost includes: excavation of the trench, supply and installation of pipe bedding, 
installation of conduits and backfilling the area to grade. The ground water conduit 
would be installed 3 to 3.5 feet below grade. Source: EnviroClean-Northeast. 

(40) Cost for installation of a 1,500 gallon tank with a prefabricated dike for secondary 
containment. Source: EnviroClean-Northeast. 

(41) Quantity: one recovery well in NAPL Area L3. 
(42) Assumes an installed unit cost of $750 for a prefabricated 3' by 3' by 3' concrete recovery 

well vault and one recovery well vault for the one NAPL recovery well in NAPL Area L3. 
Source: EnviroClean-Northeast. 

(43) Quantity: one recovery system for the one recovery well in NAPL Area L3. 
(44) Cost for installation of a 250 gallon tank with a prefabricated dike for secondary 

containment. Source: EnviroClean-Northeast. 
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(45) Total length of the proposed NAPL Area L4 trench. 
(46) Cost represents the base cost for installation of the NAPL recovery trench. The unit cost 

was generated using the cost for the installation of the NAPL Area LI trench with the 
exception of costs associated with overlying soil. Costs associated with overlying soil 
were not included since the estimated depth of overlying soil in NAPL Area LI (i.e., 8.5 or 
9 feet) is greater than the estimated depth of overlying soil in NAPL Area L4 (i.e., 7.5). 
The depth of NAPL and associated soil and saturated soil in each of these NAPL Areas 
would be the same and the costs associated with these soil zones would therefore be the 
same. 

Items excluded from the based cost included: stockpiling, testing, sampling and disposal 
of overlying soil and supply of additional backfill. The total cost for these excluded items 
was $17,596. The total cost for installation of the NAPL Area LI trench was $242,162. The 
base cost for installation of the NAPL Area LI recovery trench would therefore be: 
$242,162 - $17,596 = $224,570. Based on the length of the NAPL Area LI trench (i.e., 240 
If), the unit cost for installation of a 25' deep trench would be $224,570/240 If or 
$936/linear foot. 

(47) Quantity: Based on an average overlying soil depth of 7.5 feet, the quantity of overlying 
soil for the NAPL Area L4 trench would be: (380 ft)(7.5 ft)(2 ft)/ (27 cf/cy) = 211 cy plus 6 
cy for the additional soil removal required to install the recovery well vaults = 217 cy 

(48) Quantity: assumes three quarters of the overlying soil can be used for backfill and all the 
soil removed to accommodate the recovery wells (i.e., 6 cy). 
—> (0.75)(211 cy) + 6 cy = 164 cy of acceptable overlying soil for backfill 

(49) The quantity of off-site uncontaminated fill required to construct the recovery trench = 
(the total quantity of uncontaminated fill needed to construct the recovery trench) 
- (the amount of overlying fill that has acceptable concentrations of PCBs, i.e., 158 cy). 
The total quantity of backfill required to construct the recovery trench: 

= (380' x 2' x 5.5')/27 = 155 cy 
plus 6 cy soil needed to construct the recovery well vaults => 161 cy 

The quantity of off-site uncontaminated fill required to construct the recovery trench is 
therefore: 

= 161 cy -164 cy = -3 cy = 0 cy 
(50) Quantity assumes 1 sample would be collected for every 50 cy of stockpiled soil (i.e., 217 

cy/50 cy = 5) and an additional three samples would be collected for QC (i.e., MS, MS-D 
and duplicate). 

(51) Quantity: assumes one-quarter of the excavated overlying soil would require off-site 
disposal and that the density of the soil would be 1.5 tons/cy. 

- > i.e., (0.25)(211 cy)(1.5 tons/cy) = 79 tons 
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(52) 

(53) 
(54) 
(55) 

Assumes an installed unit cost of $750 for a prefabricated 3' by 3' by 3' concrete recovery 
well vault and one recovery well vault for each of the nine NAPL recovery wells in NAPL 
Area L4. Source: EnviroClean-Northeast. 
Quantity: assumes installation of nine recovery wells in NAPL Area L4. 
Quantity: one recovery system for each of the nine recovery wells in NAPL Area L4. 
Total installed cost for the 60 gpm metals removal portion of the ground water treatment 
system described in Section 7.5.1.6. Cost include the following: 

(56) 

Oil water separator with settling chamber 
Chromium reduction system 
tank: assumes one hour retention time for pH adjustment 
and reduction: (60 gpm) (60 min) = 3,600 gals —> assume a 
5,000 gal mix tank @ $2/ gal 
controls for pH adjustments 
controls for reducing agent 
First Stage Precipitation with pH control 
assume 2,000 gal vessel 
chemical addition - feed system 
Clarifier 
Second Stage Precipitation 
Clarifier 
Sand Filter 
Cyanide Removal 
pH controls 
chemical addition 
5,000 gallons mix tank 
Neutralization 
pH controls 
5,000 gallons mix tank 
Thickener 
Filter Press System 

Total estimated equipment cost 
Installation (150% of total equipment cost) 

Total installed equipment cost 
Instrumentation and Controls (20% of equipment cost) 
Start-Up (6% of total installed equipment cost) 

Total Estimated Installed Cost 
Total installed cost for the 60 gpm organics removal portion of 
treatment system described in Section 7.5.1.6. Cost include the 

$20,000 

$10,000 
$10,000 
$10,000 

$4,000 
$6,000 

$30,000 
$10,000 
$30,000 
$30,000 

$10,000 
$10,000 
$10,000 

$10,000 
$10,000 
$20,000 
$80,000 

$310,000 
$460,000 
$770,000 

$60,000 
$60,000 

$890,000 
the ground water 
following: 
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Liquid Phase Carbon 
two vessels in series $30,000 

Total estimated equipment cost $30,000 
Installation (150% of total equipment cost) $45,000 

Total installed equipment cost $75,000 

Start-up and instrumentation and control costs would be addressed by the costs provided for 
the metals removal system. 

(57) Assumes construction of a 50 feet by 40 feet building at a unit cost of $90/sf. 
- > i.e., (50 ft)(40ft)($90/sf) = $180,000 

(58) Assumes installation of a sampling manhole for connection to the existing outfall. The 
current outfall was designed as a force main, but actually works as a siphon. Therefore, 
once the outfall is primed, flow should discharge as long as the seal is not broken. 

(59) Quantity: Length of fence removed from NAPL Area LI to be replaced. Estimated to be 
the length of the recovery trench, 240 feet, plus and additional 20 feet on each side of the 
fence, i.e., 240 + (2) (20) = 280 feet. 

(60) Cost for installation of chain link fence on posts; includes labor and materials. Source: 
EnviroClean-Northeast 

(61) Assumes that regrading and reseeding would take approximately 3 crew-days to 
complete and that the crew rate would be approximately $2,000/day. Crew rate supplied 
by EnviroClean-Northeast, includes required machinery and supplies for regrading and 
seeding. Source: EnviroClean-Northeast. 

(62) Quantity assumes that: (a) three 55-gallon drums of drill cuttings would be generated for 
each of the 3 wells installed by drilling (i.e., 2 recovery wells and one OU-II ground water 
monitoring well); (b) the drill cuttings would be disposed at an off-site chemical waste 
landfill; and (c) drill cuttings would be consolidated in a roll-off container or a dump 
trailer for disposal. (Note: drilling is not needed the three recovery wells located in the 
recovery trench) 

-> i.e., (3 wells)(3 drums/well)(7.35 cf soil/drum)(cy/27cf)(1.5 tons/cy soil) 
= 4 tons drill cuttings 

(63) Quantity assumes two carbon vessels containing 2,000 lbs of carbon each, two metals 
removal media vessel containing 1,000 lbs of media each and eight bag filters are used for 
ground water treatment would require disposal at a TSCA-permitted chemical waste 
landfill. Materials would be removed from their containers and placed in roll-offs for off-
site disposal. The containers would be returned to the supplier. 

--> [4,000 lb + 2,000 lb + (8 filter bags)(20 lbs/filter bag)]/2,000 lbs/ ton = 4 tons 
(64) Quantity: assumes 10, 55-gallon drums of fluids are generated during decontamination of 

the temporary water storage tank. 
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Table J-4 Page 15 
Remedial Cost Estimate 
Alternative IV: OU-II NAPL Removal Using NAPL Recovery With Ground Water 
Depression 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(65) Conservatively assumes that the decon fluids would contain unacceptable concentrations 
of PCBs and would require off-site treatment and disposal. Cost includes disposal at 
CycleChem at $175/drum and $400/drum for transportation. 

(66) Quantity assumes that one sample of recovered OU-II NAPL would initially be collected 
for waste classification purposes and thus analyzed for PCBs and RCRA characteristics. 
Subsequent samples of OU-II NAPL for disposal would be analyzed for reduced 
parameters to confirm that the waste stream has not changed. These on-going analytical 
costs are included in the annual O&M costs provided below. 

(67) Cost for preparation of a Remedial Design/Remedial Action Work Plan. Source: similar 
ERM-Northeast project experience. 

(68) Cost includes 40 hours of operator labor per week for 52 weeks a year at a rate of 
$60/hour. 

(69) Assumes the maintenance cost would be 40% of the O&M labor cost. 
(70) Quantity conservatively assumes that 2.5 gallons of OU-II NAPL would be recovered 

from each of the 16 OU-II NAPL recovery wells daily. 
-> i.e., (2.5 gallons/day/well)(365 days/year)(16 wells) = 14,600 gallons/year 

(71) Cost: Based on disposal of recovered OU-II NAPL at the ChemWaste Management facility 
in Port Arthur, Texas at a costpf $0.70/lb. This unit cost, which includes transportation, 
disposal and taxes, was converted to a per gallon cost as follows: 

- > ($0.70/lb)(7.31 lb/gallon of diesel fuel) = $5.12/gal 
(72) Cost assumes 32 hours of engineering oversight per month at a rate of $95/hour. 
(73) Cost assumes 10 kW of electrical usage to operate the 16 two-pumps systems at a cost of 

$0.12/kWhr. 
- > (10 kW)($0.12/kWhr)(365 days)(24 hours) = $10,512/yr 

(74) Cost assumes a unit cost of approximately $4 per 1,000 gallons of water treated. This unit 
cost is based on chemical usage costs incurred at a ground water remediation facility 
located in NJ where single stage chemical precipitation metals removal is being 
conducted. The single stage chemical usage unit costs were therefore double to reflect a 
two stage chemical precipitation metals removal system. 
--> (47 gpm)(60 min/hr)(24 hr/day)(365 days/yr)($4/1,000 gal) = $98,812 

(75) Quantity assumes that the volume of sludge generated during metals removal will be 
dependent upon the concentration of the most prominent inorganic constituent to be 
removed, i.e., iron. This calculation follows: 

Iron concentration: 256 mg/1 
Assume iron is precipitated as Fe(OH)3 
Fe(OH)3 concentration: 256 m/1 x 55.8 + (3H16+3) = 518 mg/1 

55.8 
Assume that an additional 25% of solids is generated from other metals: 

—> (518 mg/l)(1.25) = 647 mg/1 or 647 ppm total precipitated solids 
Dry solids generated: 
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Table J-4 Page 16 
Remedial Cost Estimate 
Alternative IV: OU-IINAPL Removal Using NAPL Recovery With Ground Water 
Depression 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(47 gpm)(60 min/hr)(24 hr/day)(8.34 lb/gal)(647 ppm/lx lO 6 ) = 365 lbs/day 
Assume thickened sludge at 5% solids: 

(365 lbs/day)/((0.05 solids)(8.34 lbs/gal)) = 876 gals/day 
Assume sludge is dewatered to 35% in the filter press: 

(365 lbs/day)(365 days/yr)(7.48 gal/ft3)/((0.35 solids)(100 lb/fP)) 
--> 28,472 gals/yr of sludge generated (35% solids) 

(76) Cost assumes the liquid phase carbon removes all the organics in the ground water 
(i.e., 957 ug/1) and the carbon has a loading capacity of 5%: 
- > (47 gpm)(957 ppb/le9)(8.34 lb/gal)(525,600 min/yr)(100 lb/5 lb) = 3,943 lb/yr 

(77) Cost includes transfer of spent liquid phase carbon (LPC) to drums, disposal of LPC and 
supply of new LPC. 

(78) Assumes quarterly discharge compliance sampling for chemical constituents and 
biotoxicity. 

(79) Quantity assumes one sample would be collected per shipment of OU-II NAPL. Since the 
NAPL would be disposed every 90 days, four samples would be collected annually. 

(80) Cost based on a reduced analysis to confirm that the waste stream has not changed. 
Source: EnviroClean-Northeast. 

(81) The cost assumes a discount rate of 7% in accordance with Rei'isions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and 1 year of start-up. 

(82) The cost assumes a discount rate of 7% in accordance with Revisions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and operation from years 2 through 3.5. Single payment 
present worth factor brings these costs back to year 1. 

(83) Quantity assumes 10% of the fencing around the former lagoon area (i.e., 10% x 1,680 feet 
= 168 feet) would require replacement annually. 

(84) The cost assumes a discount rate of 7% in accordance with Revisions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and 3.5 of access restrictions during NAPL removal. 

(85) Cost includes 20 hours of engineering labor at a rate of $95/hour and $100 in expenses to 
perform the site inspection and to complete the annual inspection report. 

(86) The cost assumes a discount rate of 7% in accordance with Reinsions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and 30 years of annual inspections. A 30 year inspection period 
was conservatively assumed based on the 30 year post-closure care period required for 
RCRA solid and hazardous waste units under federal regulation 40 CFR 246.117. 
However, as discussed in Sections 7.3.2.7 and 7.4.2.7, the 30 year period may be reduced at 
any time after the remedial action has been completed if site inspections demonstrate that 
the site is secure. 

(87) Total cost for common actions as provided in Table J-l. 
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Table J-5 
Remedial Cost Estimate 

Alternative V: OU-II NAPL Removal Using Vacuum Enhanced NAPL Recovery 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Page 1 

Unit Quanti ty Unit Cost Cost Ref 

Capital Costs 

Access Restrictions 

Notices to Off-Site Property Owners 

Pre-Design Studies 

Additional Delineation in NAPL Area L4 

Bench-Scale Tests 

Pilot Tests 

Site Preparation 

Clearing and Grubbing, Remove Fence in NAPL 
Area LI, Regrading in NAPL Area L4 

hour 16 $225 
Subtotal, Access Restrictions 

Is 

Is 

Is 

crew-day 

1 511,000 

1 525,000 

1 5150,000 

52,000 

Subtotal, Pre-Design Studies and Site Preparation 

$3,600 0) 
$3,600 

$11,000 (2) 
$25,000 (3) 
150,000 (3) 

$6,000 (4) 
192,000 

Installation of Vacuum Enhanced NAPL Recovery Systems 
Install Sheeting in NAPL Area LI 
Mobilize Drilling Equipment 
Installation of Extraction Wells 
Installation of Recovery Well Vaults 
Installation of Vacuum Lines in Wells 
Installation of Vent Wells 
Vacuum Pump w/Knock-Out Pot 
Install Enclosures 
Install Perimeter Monitoring Well 
Develop Recovery Wells and Monitoring Well 

sf 3840 S26 

Is 1 51.000 
well 11 51,000 
well 11 5750 

If 660 522 
well 32 51,000 
each 3 550,000 
each 3 52,000 

Is 1 51,000 
each 12 5425 

Subtotal, Vapor Enhanced NAPL Recovcn/ Systems 

Installation of Fluids Transfer, Treatment and Storage Equipment 

Fluids Transfer Piping 
Vapor Stream Treatment 

NAPL Storage Tank (3,500 gallons) 

Ground Water Treatment System 
Building 
GW Recharge System 

If 
each 
each 

Is 
Is 
Is 

Subtotal, Fluids Transfer, Treatment and Storage 

385 522 
3 58,000 

1 510,000 

1 $147,000 
1 $18,000 
1 $16,400 

$100,454 (5)(6) 

$1,000 (7) 
$11,000 (8)(9) 

$8,250 (10)(11) 
$14,520 (12)(13) 
$32,000 (14)(9) 

$150,000 (15)(16) 
$6,000 (17)(18) 
$1,000 (19)(9) 
$5,100 (20)(21) 

$329,324 

$8,470 (22)(13) 

524,000 (23)(24) 

$10,000 (25) 

$147,000 (26) 
$18,000 (27) 
$16,400 (28) 

$223,870 
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Table J-5 
Remedial Cost Estimate 

Alternative V: OU-II NAPL Removal Using Vacuum Enhanced NAPL Recovery 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

Page 2 

Well Installation Materials Disposal 

Drill Cuttings - hazardous and TSCA waste 

Initial Classification Sampling for OU-II NAPL 

Unit Quantity Unit Cost Cost 

ton 54 $270 

sample 1 $1,000 

Subtotal, Materials Disposal 

Subtotal, Capital Costs 

Administrative, Engineering and Contingency Costs (45%) 
Total Capital Costs for Installation of Recovery Systems 

Ref 

$14,580 (29) 

$1,000 (30)(31) 

$15,580 

$764,374 

$343,968 

1,108,343 

RD/RA Workplan Is $50,000 $50,000 (32) 

Startup System 
O&M Labor 
O&M Materials 
Engineering Oversight 
NAPL Disposal 
Sludge Disposal 
LPC Disposal and Replacement 
VPC Carbon Regeneration 
Ultrafilter Membrane Replacement 
Ion Exchange Resin Regeneration 
Discharge Compliance Sampling 
Recharge Basin Cleanout 
Electrical 
NAPL Analytical (Confirmation) 

hours 416 $60 
Is 1 $9,984 

hours 96 $95 
gal 20,075 $5.12 

gal 2,340 $5.12 
lbs 3,331 $2 
lbs 8,700 $2 
Is 1 $2,500 
Is 1 $4,000 

quarterly 4 $500 
each 3 $661 
year 1 $5,256 

sample 4 $150 

Subtotal, Startup Si/stem 

Present Worth of Start-Up Costs (Year 1, discount rate of 7%, PWF= 0.9346 ) 

Contingency (20%) 

Total Capital Costs 

$24,960 (33) 

$9,984 (34) 

$9,120 (35) 

$102,784 (36)(37) 

$11,981 (38)(37) 

$6,662 (39)(40) 

$17,400 (41)(41a) 

$2,500 (42) 

$4,000 (43) 

$2,000 (44) 

$1,982 (45)(46) 

$5,256 (47) 

$600 (47a)(47b 

$199,229 

$186,199 (48) 

$37,240 

$1,381,782 
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Table f-5 
Remedial Cost Estimate 

Alternative V: OU-II NAPL Removal Using Vacuum Enhanced NAPL Recovery 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 

Croton-on-Hudson, New York 

Unit Quantity Unit Cost Cost 

Page 3 

Operating and Maintenance Costs 

Operation of Vacuum Enhanced NAPL Recovery and Ground Water Treatment 

O&M Labor 
O&M Materials 
Engineering Oversight 
NAPL Disposal 
Sludge Disposal 
LPC Disposal and Replacement 
VPC Carbon Regeneration 
Ultrafilter Membrane Replacement 
Ion Exchange Resin Regeneration 

Discharge Compliance Sampling 
Recharge Basin Cleanout 
Electrical 
NAPL Analytical (Confirmation) 

hours 
Is 

hours 
gal 
gal 
lbs 
lbs 
Is 
U 

quarterly 
each 
year 

sample 

416 
1 

96 

20,075 

2,340 

3,331 

8,700 

1 
1 
4 
3 
1 
4 

Systems 

$60 

$9,984 

$95 

$5.12 
$5.12 

$2 

$2 

$2,500 
$4,000 

$500 

$661 

$5,256 

$150 

Subtotal of Annual O&M Costs for VENR and GW Treatment 

Present Worth of Operating Costs (Years 2 through 3, discount rate of 7%, PWF=1.69) 

$24,960 
$9,984 

$9,120 
$102,784 
$11,981 
$6,662 

$17,400 

S2,500 

$4,000 

$2,000 

$1,982 

$5,256 

$600 

$199,229 

$336,697 

Ref 

(33) 
(34) 
(35) 

(36)(37) 
(38)(37) 
(39)(40) 
(41)(41a) 

(42) 
(43) 

(44) 
(45)(46) 

(47) 
(48)(49) 

(50) 

Access Restrictions 

Fence Maintenance 

Site Inspections 

Conduct Site Inspections 

Common Actions 

If 168 $7 

Subtotal of Annual O&M Costs for Access Restrictions 

Present Worth of Annual O&M Costs for Access Restrictions 

(3 yrs, discount rate of 7%, PWF= 2.62 ) 

year 1 $2,000 

Present Worth of Annual O&M Costs for Site Inspections 

(30 yrs, discount rate of 7%, PWF=12.4090) 

Subtotal Present Worth of Operating and Maintenance Costs 

Contingency (20%) 

Is 1 $61,735 

$1,176 (51)(52) 

$1,176 

$3,081 (53) 

$2,000 (54) 

$24,818 (55) 

S364,596 

$72,919 

$61,735 (56) 

Subtotal Present Worth of Operating and Maintenance Costs $499,250 

Total Remedial Action Cost for Alternative V $1.881.032 
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Table J-5 
Remedial Cost Estimate 
Alternative V: OU-I1NAPL Removal Using Vacuum Enhanced NAPL Recovery 

Page 4 

Harmon Railroad Yard Wastewater Treatment Operable Unit 11 
Croton-on-Hudson, New York 

(1) Cost assumes 16 hours of attorney time at a rate of $225 per hour to prepare notices to the 
off-site property owners. These notices would discuss the location and extent of off-site 
OU-II NAPL on their property. 

(2) Cost includes installation and monitoring of approximately four temporary NAPL 
monitoring wells in NAPL Area L4. Three of the four wells would be located in the 
northeast section of NAPL Area L4 and the remaining well would be located in the 
southwest section of this area. The drilling component costs were obtained from OU-II RI 
quote submitted by ADT, the selected bidder. (The quoted drilling costs were increased 
by 25% since the lowest bid cost and not the average bid cost was assumed). The geologist 
costs were based on ERM labor costs. 

Drilling Costs 
mobilization/ demobilization $500 r> $500 
split spoon samples $15/sample 4 samples/well 240 
every 5' x 4 wells 
install 2" diameter wells $6/If 20 feet/well x 4 wells 480 
complete wells $320/well 4 wells 1,280 
install protective casing $200/well 4 wells 800 
develop wells $125/well 4 wells 500 
steam cleaning $100/ hr 6 hours 600 
stage cuttings and $110/hr 6 hours 660 
development water 
perdiem $175/day 2 persons x 1 day 350 
standby $150/hr 4 hours 600 

$6,010 
xl.25 

Su btotal of Drilling Costs $7,500 
Geologist Costs 
drilling oversight $65/hour 16 days $1,040 
conduct NAPL monitoring $65/day 32 days 2,080 
coordination with contractor $95/hour 4 hours 380 

Subtotal of Geologist Costs $3,500 

Total Estimated Cost for Additional NAPL Monitoring $11,000 

(3) Costs for bench-scale and pilot studies are based on similar project experience. 
(4) Cost assumes 3 crew-days at a rate of $2,000 per crew day to clear and grub vegetation, 

remove the fence in NAPL Area LI, and regrade in NAPL Area L4. The crew cost 
includes: labor, machinery and tools. Source: EnviroClean-Northeast 
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Table J-5 Page 5 
Remedial Cost Estimate 
Alternative V: OU-II NAPL Removal Using Vacuum Enhanced NAPL Recovery 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(5) Quantity assumes installation of sheeting to a depth approximately two feet below the 
lowest observed NAPL depth in NAPL Area LI (i.e., 16 feet below grade) along the 240' 
western border of NAPL Area LI. --> (240 ft)(16 ft) = 3,840 sf sheeting 

(6) Cost based on the unit cost estimate provided for sheeting in the OU-I lagoon remedial 
action bid. 

(7) Cost includes mobilization and demobilization of machinery. Source: EnviroClean-
Northeast and similar ERM-Northeast project experience. 

(8) Quantity: Under this alternative, a total of eleven vacuum enhanced NAPL recovery wells 
would be installed in the four NAPL Areas (i.e., 3 recovery wells in NAPL Area LI, one 
recovery well in NAPL Area L2, one recovery well in NAPL Area L3, and 6 recovery wells 
in NAPL Area L4). 

(9) Cost based on an installed cost of $40 per linear foot for a 4-inch diameter PVC recovery 
well and an average well depth of 25 feet --> $40/ft x 25 ft = $1,000/recovery well. Source: 
similar ERM-Northeast project experience. 

(10) Quantity: based on installation of one well vault for each of the eleven vacuum enhanced 
NAPL recovery wells installed under this alternative. 

(11) Assumes an installed unit cost of $750 for a prefabricated 3' by 3' by 3' concrete recovery 
well vault and one recovery well vault for each of the six NAPL recover)' wells in NAPL 
Areas LI and L2. Source: EnviroClean-Northeast. 

(12) Quantity: Estimated distance between the recovery wells arid the vacuum pumps in each 
of the following four NAPL Areas: 

NAPL Area LI 130 ft 
NAPL Area L2 102 ft 
NAPL Area L3 20 ft 
NAPL Area L4 410 ft 

662 ft -> say 660 feet 

(13) Cost assumes installation of one 4-inch diameter PVC pipe in which each of the vacuum 
lines would be located. The conduits would connect the vacuum p u m p with each of the 
recovery wells within the recovery well vaults. Cost includes: excavation of the trench, 
supply and installation of pipe bedding, installation of conduits and backfilling the area 
to grade. The NAPL conduit would be installed 3 to 3.5 feet below grade. Source: 
EnviroClean-Northeast. 

(14) Quantity: Under this alternative, a total of thirty-two air inlet wells would be installed in 
the four NAPL Areas (i.e., 8 vent wells in NAPL Area LI, three vent wells NAPL Area L2, 
three vent wells in NAPL Area L3, and 18 vent wells in NAPL Area L4). 

(15) Quantity assumes installation of three extraction blowers (i.e., vacuum pumps) with 
knock-out pots. One vacuum pump serving the four recovery wells located in NAPL 
Areas LI and L2, one vacuum pump serving the one recovery well located in NAPL Area 
3 and one vacuum pump serving the six recovery wells located in NAPL Area L4. 
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Table J-5 Page 6 
Remedial Cost Estimate 
Alternative V: OU-IINAPL Removal Using Vacuum Enhanced NAPL Recovery 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

(16) Estimated cost for supply of an extraction blower (i.e., vacuum pump) with knock-out pot. 
Unit cost based on previous project experience. 

(17) Quantity assumes installation of an enclosure in NAPL Areas LI, L3 and L4. 
(18) Cost assumed installation of an 8-foot by 8-foot enclosure housing one vacuum pump and 

one knock-out pot. The vapor control system would be located outside the enclosure. 
(19) Cost includes installation of one perimeter monitoring well along the fenceline in NAPL 

Area LI. Cost is based on an installed cost of $40 per linear foot for a 4-inch diameter 
PVC recovery well and an average well depth of 30 feet - > $40/ft x 30 ft = $1,200/well. 
Source: similar ERM-Northeast project experience. 

(20) Quantity includes the eleven recovery wells located in the four NAPL Areas and the OU-
II ground water monitoring well. 

(21) Costs includes 5 hours of hand bailing per well at a rate of $65 per hour plus $100 per well 
for expenses. Source: similar ERM-Northeast project experience. 

(22) Quantity: estimated distance between the knock-out pots installed on the vacuum pumps 
and the ground water treatment plant for each of following four NAPL Areas: 

NAPL Area LI 300 ft 
NAPL Area L3 55 ft 
NAPL Area L4 30_ft 

385 ft 

(23) Quantity: one vapor control unit serving each of the three vacuum pumps located in 
NAPL Areas LI, L3 and L4. 

(24) Cost: installed cost for a 2,000 lb refillable carbon vessel. 
(25) Cost for installation of a 3,500 gallon tank with a prefabricated dike for secondary 

containment. Source: EnviroClean-Northeast. 
(26) Total installed cost for the 1 gpm ground water system described in Section 7.6.1.6. Cost 

includes the following: 

Oil water separator with settling chamber $10,000 
Ultrafiltration system 
Sludge holding tank, 1,000 gallons $2,000 
Process tank, 1,000 gallons $2,000 
High speed recirculation pump $5,000 
Ultrafilter Membrane $15,000 

Liquid Phase Carbon Adsorption 
2 drums @ $1,000 each $2,000 

Ion Exchange System 
Ion exchange column with 1 sf resin $15,000 

Total estimated equipment cost $51,000 
Installation (150% of total equipment cost) $76,500 
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Table ]-5 Page 7 
Remedial Cost Estimate 
Alternative V: OU-IINAPL Removal Using Vacuum Enhanced NAPL Recovery 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

Total installed equipment cost $127,500 
Instrumentation and Controls (20% of equipment cost) $10,000 
Start-Up (6% of total installed equipment cost) $10,000 

Total Estimated Installed Cost $147,500 

(27) Assumes construction of a 50 feet by 40 feet building at a unit cost of $90/sf. 
- > i.e., (20 ft)(10 ft)($90/sf) = $18,000 

(28) Cost assumes installation of three dry wells, which are 10-feet in diameter and extend 15-
feet below grade. At an installed cost of $120/ft for 10-feet diameter dry wells, the total 
estimated cost for these three units would be: (3)(15 ft)($120/ft) = $5,400. In addition to 
installation costs, costs will also be incurred for disposal of soil removed to construct the 
recharge basins. 

Assuming three areas, 15 ft by 15 ft by 15 ft deep are excavated to accommodate the 3 
recharge basins, the total volume of soil excavated to install the recharge basins would be: 
(3)(15 ft)(15 ft)(15 ft deep)/(27 cf/cy) = 357 cy 

The recharge basins would then take up approximately 131 cys of this excavated area, i.e.,: 
(3)(n)(5 ftp (15 ft deep)/(27 cf/cy) = 131 cy 

The annular space between the recharge basins (i.e., 357 cy -131 cy =226 cy) would be 
backfilled with the excavated soil. This would leave approximately 131 cy of excavated 
soil requiring disposal. Assuming these recharge wells are located outside any NAPL 
Areas, the remaining 131 cy of excess soil would be disposed as a non-hazardous waste, at 
a cost of $55/cy. The disposal cost for the excess soil would therefore be approximately 
$11,000. 

Including the estimated cost provided above for installation of the recharge wells (i.e., 
$5,400) and the estimated cost for excess soil disposal (i.e., $11,000), the cost for 
installation of the recharge system would be approximately $16,400. 

(29) Quantity assumes that: (a) three 55-gallon drums of drill cuttings would be generated for 
each of the 44 wells installed by drilling (i.e., 11 recovery wells, 32 air inlet wells and one 
OU-II ground water monitoring well); (b) the drill cuttings would be disposed at an off-
site chemical waste landfill; and (c) drill cuttings would be consolidated in a roll-off 
container or a dump trailer for disposal. 

-> i.e., (3 wells)(44 drums/well)(7.35 cf soil/drum)(cy/27 cf)(1.5 tons/cy soil) 
= 54 tons drill cuttings 

(30) Cost: Current transport and disposal costs and 1994 bid costs for transport and disposal of 
solid materials having PCBs removed during OU-I (i.e., structures and debris) were 
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Croton-on-Hudson, New York 

reviewed to determine the transport and disposal cost for overlying soil having 
unacceptable concentrations of PCBs. 

The average bid costs submitted in 1994 for OU-I for transport and disposal of solid 
materials having PCBs (i.e., structures and debris) were as follows: 

Disposal (#02850.A): $185/cy 
Transportation (#02220.A): $163/cy 
Transportation and Disposal: $348/cy x (cy/1.5 tons) = $235/ton 

Current (i.e., December 1996) costs for transport to and disposal at the ChemWaste 
Management TSCA-permitted chemical waste landfill located in Model City, NY are: 

Disposal: $195/ton + 6% tax = $210/ton 
Transportation: $1,400/load + 7% tax = $1,500/load (assumes that soil would be 

transported in a dump trailer having a capacity of 25 tons) 
Transport and Disposal: $210 + ($l,500/load)(load/25 tons) = $270/ton 

To be conservative, the higher of the two costs, i.e., $270/ton was assumed. 

(31) Quantity assumes that one sample of recovered OU-II NAPL would initially be collected 
for waste classification purposes and thus analyzed for PCBs and RCRA characteristics. 
Subsequent samples of OU-II NAPL for disposal would be analyzed for reduced 
parameters to confirm that the waste stream has not changed. These on-going analytical 
costs are included in the annual O&M costs provided below. 

(32) Cost for preparation of a Remedial Design/Remedial Action Work Plan. Source: similar 
ERM-Northeast project experience. 

(33) Cost includes 8 hours of operator labor per week for 52 weeks a year at a rate of $60/hour. 
(34) Assumes the maintenance cost would be 40% of the O&M labor cost. 
(35) Cost assumes 8 hours of engineering oversight per month at a rate of $95/hour. 
(36) As discussed in Section 7.6.1.6, in order to conceptually design the NAPL recovery and 

ground water treatment systems, it was conservatively assumed that 5 gpd of OU-II 
NAPL would be recovered from each well as a liquid and 5 gpd of OU-II NAPL would be 
biodegraded for each well. The expected ratio of OU-II NAPL physically removed to OU-
II NAPL biodegraded is actually 3 gpd/wel l removed as a liquid to 7 gpd/well 
biodegraded. However, by assuming that a higher quantity is physically removed, a 
more conservative cost estimate is obtained. Specifically, more conservative ground 
water treatment and NAPL storage and disposal costs are included in this cost estimate. 
This assumption does not alter the duration of the remedy since the overall NAPL 
removal rate for this alternative is still 10 gpd/well . 

Quantity therefore assumes 5 gallons of OU-II NAPL would be physically recovered from 
each of the 11 OU-II NAPL recovery wells daily. 
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-> i.e., (5 gallons/day/well)(365 days/year)( l l wells) = 20,075 gallons/year 
(37) Cost: Based on disposal of recovered OU-II NAPL at the ChemWaste Management facility 

in Port Arthur, Texas at a cost of $0.70/lb. This unit cost, which includes transportation, 
disposal and taxes, was converted to a per gallon cost as follows: 

-> ($0.70/lb)(7.31 lb/gallon of diesel fuel) = $5.12/gal 
(38) Quantity assumes that the volume of sludge generated during metals removal will be 

dependent upon the concentration of the most prominent inorganic constituent to be 
removed, i.e., iron. This calculation follows: 

Iron concentration: 256 mg/1 
Assume iron is precipitated as Fe(OH)3 
Fe(OH)3 concentration: 256 m/1 x 55.8 + (3H16+3) = 518 mg/1 

55.8 
Assume that an additional 25% of solids is generated from other metals: 

- > (518 mg/l)(1.25) = 647 mg/1 or 647 ppm total precipitated solids 
Dry solids generated: 

(495 gpd)(8.34 lb/gal)(647 ppm/lxlO^) = 2.67 lbs/day 
Assume thickened sludge at 5% solids: 

(2.67 lbs/day)(365 days/yr)/((0.05 solids)(8.34 lbs/gal)) 
= 2,337 gals/yr of sludge generated (5% solids), say 2,340 gals/yr 

(39) Because it is likely that the recovery of LNAPL via vacuum enhanced recovery will tend 
to solubilize organics into the aqueous phase. To be conservative, it was assumed that the 
total dissolved organic compound concentration in the aqueous portion would be 100 
ppm and the liquid phase carbon (LPC) has a loading capacity of 5%: 
- > (0.38 gpm)(100 ppm/106)(8.34 lb/gal)(525,600 min/yr)(100 l b /5 lb) = 3,331 lb /yr 

(40) Cost includes transfer of spent liquid phase carbon (LPC) to drums, disposal of LPC and 
supply of new LPC. 

(41) Quantity assumes 1% of the NAPL recovered contains volatile compounds and the vapor 
phase carbon (VPC) has a 15% loading capacity. 
- > (20,075 gal/yr)(6.5 lbs NAPL/gal)(l% volatiles)(100 lb carbon/15 lbs VOCs) 

= 8,700 lbs 
(41a) Assumes a regeneration cost of $2/lb. 
(42) Based on costs incurred at a similar site for a 0.5 gpm system. 
(43) Cost assumes 2 lbs of metals are adsorbed per cubic foot of resin. Assuming 7.3 ppm of 

metals remain in the water stream, at a flow rate of 495 gpd, the amount of metals 
removed would be: 
(7.3 ppm dissolved metals/lxl06)(495 gpd)(8.34 lbs/gal) = 0.03 lb /day 
The annual resin usage would therefore be: 
(0.03 lb/day)(365 days/yr)(l cf resin/2 lbs metals)(110 lb resin/cf resin) = 605 lb resin 
Thus, a 55-gallon drum of resin would last approximately one year. Assuming off-site 
regeneration of resin at a cost of $2,000/drum and conservatively assuming 2 drums are 
used per year, the annual resin regeneration cost would be $4,000. 
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(44) Assumes quarterly discharge compliance sampling for chemical constituents. Biotoxicity 
monitoring would not be required since the water would not be discharged directly to a 
surface water body. 

(45) Quantity assumes that the recharge basins will require cleaning once every four months 
of use. 

(46) Cost assumes that the top one foot of sand within the dry well will be removed using a 
vacuum truck at a cost of $300 per event. The removed materials will be disposed of as a 
non-hazardous waste at a cost of $55/ton and the replacement sand will be installed at a 
cost of $35/cy. The volume of sand removed would be: (3.14)(5ft)2(l ft)/(27cf/cy)=2.9 cy. 
The associated cost would then be: 
$300 + {(2.9 cy) [(1.5 tons/cy)($55/ton disposed) + ($35/cy backfill)]} = $642/cleanout 

(47) Cost assumes 5 kW of electrical usage to operate the 3 vacuum pumps and the ground 
water treatment plant at a cost of $0.12/kWhr. 
--> (5 kW)($0.12/kWhr)(365 days)(24 hours) = $5,256/yr 

(48) Quantity assumes one sample would be collected per shipment of OU-II NAPL. Since the 
NAPL would be disposed every 90 days, four samples would be collected annually. 

(49) Cost based on a reduced analysis to confirm that the waste stream has not changed. 
Source: EnviroClean-Northeast. 

(50) The cost assumes a discount rate of 7% in accordance with Revisions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and 1 year of start-up. 

(51) Quantity assumes 10% of the fencing around the former lagoon area (i.e., 10% x 1,680 feet 
= 168 feet) would require replacement annually. 

(52) Cost for installation of chain link fence on posts; includes labor and materials. Source: 
EnviroClean-Northeast 

(53) The cost assumes a discount rate of 7% in accordance with Revisions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and 3 of access restrictions during NAPL removal. 

(54) Cost includes 20 hours of engineering labor at a rate of $95/hour and S100 in expenses to 
perform the site inspection and to complete the annual inspection report. 

(55) The cost assumes a discount rate of 7% in accordance with Revisions to OMB Circular A-94 
on Guidelines and Discount Rates for Benefit Cost Analysis, OSWER Directive 9355.3-20, 25 
June 1993 (USEPA, 1993a) and 30 years of annual inspections. A 30 year inspection period 
was conservatively assumed based on the 30 year post-closure care period required for 
RCRA solid and hazardous waste units under federal regulation 40 CFR 246.117. 
However, as discussed in Sections 7.3.2.7 and 7.4.2.7, the 30 year period may be reduced at 
any time after the remedial action has been completed if site inspections demonstrate that 
the site is secure. 

(56) Total cost for common actions as provided in Table J-l. 
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Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

Alternative II: NAPL Recovery Using NAPL-Only Recovery 

As discussed in Section 7.3.1.5, a component of Alternative II is construction of the 
NAPL recovery trench in NAPL Area LI. Construction of this trench would result in the 
excavation of overlying soil, NAPL and associated subsurface soil. Some of the 
overlying soil would be used for on-site backfill and the remaining overlying soil, as 
well as the NAPL with associated subsurface soil, would be disposed off-site. This 
appendix presents the calculations used to estimate the quantities of overlying soil, 
NAPL and associated subsurface soil to be excavated and either backfilled or disposed 
of off-site under Alternative II. To determine the quantities of these materials, a 
conceptual design of the NAPL recovery trench was developed. 

Quantity of NAPL and Associated Soil to Be Removed 

OU-II NAPL is present as a floating free phase on top of the ground water table. The 
NAPL recovery trench must therefore be installed to a depth at or below the lowest 
ground water elevation observed in the proposed NAPL recovery trench location. The 
maximum and minimum NAPL and ground water elevations observed in NAPL 
monitoring wells located in the vicinity of the proposed NAPL recovery trench during 
the OU-II Remedial Investigation were therefore used to conceptually design the NAPL 
recovery trench. As shown in Figure K-l, NAPL monitoring wells WB-9-4A, WB-9-3A, 
WB-9-3C2A, WB-9-FC1, MW-A and WB-6E are located immediately adjacent to or 
coincident with the proposed NAPL recovery trench. 

A subsurface cross-section of the proposed location of the NAPL recovery trench was 
developed using the ground surface elevations and the minimum and maximum OU-II 
NAPL and ground water elevations for the above referenced NAPL monitoring wells. 
This information is presented in Figure K-2. NAPL and ground water elevations for the 
19 March 1996 and 24 June 1996 NAPL monitoring rounds are presented in this figure 
to provide distinct monitoring event elevation information. These dates were selected 
since the lowest OU-II NAPL and ground water elevations were generally observed 
during the 19 March 1996 NAPL monitoring round and the highest OU-II NAPL and 
ground water elevations were observed during the 24 June 1996 NAPL monitoring 
round. In instances where the maximum and minimum NAPL and ground water 
elevations were not observed during these monitoring rounds, the maximum and 
minimum values are presented along with the date the measurement was observed. All 
maximum and minimum NAPL and ground water elevations are designated with an 
asterisk (*) in Figure K-2. 
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Based on the minimum ground water elevations observed during the OU-II RI (see 
Figure K-2), the depth of the proposed NAPL recovery trench was selected to be 2 feet 
below mean sea level (MSL). This depth is approximately 2.5 feet below the lowest 
ground water elevation observed in the above identified NAPL monitoring wells 
during the OU-II RI (i.e., 0.57 feet above MSL in NAPL monitoring well WB-9-FC1). 
Since the OU-II NAPL monitoring events were conducted over a limited period of time, 
an additional two feet of depth was added to compensate for potential fluctuations in 
the ground water table elevation. 

Using the subsurface cross-section, the vertical extent of NAPL and associated 
subsurface soil to be excavated was estimated. Based on this information, NAPL and 
associated subsurface soil would be excavated from 5 feet above MSL to 2 feet below 
MSL. In total, 7 feet of NAPL and associated subsurface soil would be excavated. The 
depth of NAPL and associated subsurface soil to be excavated was estimated to be 
equal to the maximum NAPL elevation observed in the above identified NAPL 
monitoring wells during the OU-II RI (i.e., 4.97 feet above MSL in NAPL monitoring 
well WB-6E). Because the upper limit of NAPL and associated subsurface soil 
excavation does not define the configuration of the NAPL recovery trench, as the lower 
limit of excavation does, a contingency was not assumed for the upper limit of 
excavation; however, the maximum NAPL elevation was conservatively assumed to 
represent the entire profile. {Note: To address potential future fluctuations in the 
ground water elevation for the proposed NAPL recovery trench, the upper construction 
limit of the proposed NAPL recovery trench (i.e., the upper limit of gravel) would be 
conservatively located two feet above the maximum NAPL elevation (see Figure K-2).} 

As shown in Figure 7-2, three NAPL recovery wells and the OU-II ground water 
monitoring well would be installed in the NAPL recovery trench to a depth of 25-feet 
below grade. Therefore, in addition to the 7 feet of NAPL and associated subsurface soil 
excavated for the recovery trench, additional NAPL and associated subsurface soil 
would also be excavated to enable installation of these wells. Four well holes, each 
approximately 3 feet by 2 feet by 9 feet deep (i.e., 25 feet -16 feet deep trench), would be 
excavated at the bottom of the NAPL recovery trench. A side slope of 1:1 was assumed 
for installation of these well holes. A cross-section of the well hole is provided in Figure 
K-2. 

Based on the above information, the following quantity of NAPL and associated 
subsurface soil would be excavated to construct the NAPL recovery trench: 
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NAPL Recovery Trench: (7 ft)(150 ft)(2 ft)/ (27 cf/cy) = 78 cy 
Well Holes: [(4 well holes)(108 sf/well hole)(2 ft)]/(27 cf/cy) = 32 cy 

Total quantity of NAPL and associated subsurface soil to be excavated to construct the 
NAPL recovery trench with well holes: 110 cy. 
Assuming a density of 1.5 tons/cy, the total volume of NAPL and associated subsurface 
soil removed would be: 165 tons. 

Quantity of Overlying Soil to Be Removed 

The quantity of overlying soil to be excavated was estimated using the information 
presented in Figure K-2. As discussed above, it has been estimated that NAPL and 
associated subsurface soil would be encountered approximately 5 feet above MSL. The 
extent of overlying soil to be excavated would therefore extend from ground surface to 
5 feet above MSL. 

Ground surface elevations for the NAPL monitoring rounds were used to determine the 
volume of overlying soil to be excavated. Because the proposed NAPL recovery trench 
extends beyond the existing NAPL monitoring wells, ground elevations are not 
available for 35 feet of the trench to the east of NAPL monitoring well MW-A and 10 
feet of the trench to the west of NAPL monitoring well WB-9-4A. It was therefore 
assumed that the proposed trench location to the north of MW-6E has a ground 
elevation equal to MW-6E (i.e., 14.18 feet above MSL) and that the proposed trench 
location to the south of WB-9-4A has a ground elevation equal to WB-9-4A (i.e.,11.64 
feet above MSL). 

The cross-sectional area of the overlying soil for 125 ft of the trench was estimated to be: 
= (6.64 ft)(14 ft + 10 ft)+(5.19 ft)(64 ft)+(7.18 ft)(14 ft)+(9.18 ft)(13 ft + 35 ft) 

+(0.5)(14 ft)(8.52 ft - 6.64 ft)+(0.5)(14 ft)(8.52 ft - 5.19 ft) 
+(0.5)(50 ft)(7.18 ft - 5.19 ft)+(0.5)(14 ft)(12.37 ft - 7.18 ft) 
+(0.5)(13 ft)(12.37 ft - 9.18 ft) = 1,194 sf 

Based on a trench width of 2 feet, the volume of overlying soil to be excavated would 
be: 

= (1,194 sf)(2 ft)/(27 cf/cy) = 88 cy 

and the average depth of overlying soil would therefore be: 
= (1,194 sf)/150 ft = 8 feet 
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Because the recovery well vaults, which are 3 ft by 3 ft by 3 ft, are wider than the 
proposed NAPL recovery trench, additional surface soil would be excavated to 
accommodate the recovery well vault. Approximately 1 ft by 3 ft by 3 ft deep of surface 
soil would be removed from each side trench at the three proposed NAPL recovery well 
locations. In total, approximately 2 cy of additional overlying soil would be removed to 
accommodate the recovery well vaults. 

--> i.e., [(2 sides of trench)(3 wells)(l ft)(3 ft)(3 ft)]/(27 cf/cy) = 2 cy 

In conclusion, the following quantities of overlying soil and associated subsurface soil 
would be removed to construct the NAPL recovery trench: 
Overlying soil for the NAPL recovery trench: 88 cy 
Overlying soil for the recovery well vaults: 2 cy 

The total quantity of overlying soil excavated to construct the NAPL recovery trench 
would therefore be: 90 cy. 
Assuming a density of 1.5 tons/cy, the total volume of overlying soil removed would 
be: 135 tons 

Quantity of Materials to be Disposed 

As discussed in Section 7.3.1.6, the following assumptions have been made to estimate 
the quantity of materials to be disposed under Alternative II: 

• three-quarters of the overlying soil excavated for the NAPL recovery trench and all of 
the surface soil excavated to accommodate the recovery well vaults would contain 
acceptable concentrations of PCBs (i.e., less than or equal to 1.0 mg/kg PCBs for 
surface soil and less than or equal to 10.0 mg/kg PCBs for subsurface soil) and would 
be used as on-site backfill for the recovery trench; 

• one-quarter of the overlying soil would be classified as a RCRA and TSCA waste and 
disposed of at an off-site RCRA and TSCA-permitted chemical waste landfill; and 

• all the NAPL and associated soil removed from the lower 7 feet of the trench and the 
well holes would be classified as a RCRA and TSCA waste and disposed of at an off-
site RCRA and TSCA-permitted chemical waste landfill. 

Soil removed to construct the proposed NAPL recovery trench would therefore either be: 
(1) used on-site backfill for the recovery trench; or (2) disposed of off-site at a RCRA and 
TSCA-permitted chemical waste landfill. Following are the quantities for disposal: 
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On-Site Backfill 
Overlying Soil 
Recovery Trench: (0.75)(88 cy) = 66 cy 
Recovery Well Vaults: 2 cy 
Total quantity to be used for on-site backfill of the NAPL recovery trench: 68 cy 

Off-Site Disposal at a RCRA and TSCA-Permitted Chemical Waste Landfill 
Overlying soil: (0.25)(88 cy) = 22 cy - > (22 cy)(1.5 tons/cy) = 33 tons 
NAPL and Associated Subsurface Soil: 110 cy --> (110 cy)(1.5 tons/cy) = 165 tons 

Calculations for the total quantity of overlying soil, NAPL and associated subsurface 
soil are provided in the previous section. 
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Alternative III: Excavation and Off-Site Disposal of NAPL 

The quantity of overlying soil, NAPL and associated subsurface soil to be removed 
under Alternative III was estimated using the average maximum depth to water and 
the maximum extent of NAPL observed in each of the four NAPL Areas during the OU-
II RI. The average maximum depth to water in each NAPL Area was determined using 
the maximum depth to water measurement observed in each of the monitoring wells 
located in these NAPL Areas during the OU-II RI. Only ground water measurement 
rounds where NAPL was encountered were included in this determination. Following 
are the maximum depths to water observed during the OU-II RI in the four NAPL 
Areas: 

NAPL 
Monitoring Well 

Maximum 
Depth to Water, 
feet below MSL 

NAPL Area LI 
TBI 16.70 
TB1-1A 17.22 
TB1-1A1 15.20 
TB1-1A1A 12.18 
TB1-1A1B 14.45 
TB1-2A 18.85 
TB1-2B 18.92 
TBI-2D 18.72 
TB1-2D1 19.80 
TB1-2D2 18.83 
TB1-2D2A 18.49 
TB1-2D2B 9.30 
WB-9 12.11 
WB9-1A 12.43 
WB9-3A 11.08 
WB9-3B 12.23 
WB9-3C 11.41 
WB9-3C1 11.02 
WB9-3C2 10.95 
WB9-3C2A 10.14 
WB-4A 10.96 
WB9-FC-1 11.61 
WB9-6E 13.50 
MW-A 16.27 
MW-9 10.35 
Average Maximum Depth 
to Water in NAPL Area LI, 
ft below grade 14.10 

NAPL 
Monitoring Well 

Maximum 
Depth to Water, 
feet below MSL 

NAPL Area L4 
WB-5 12.51 
WB5-1A 13.22 
WB5-1A1 12.57 
WB5-2A 13.35 
WB5-3A 12.50 
WB5-3B 9.35 
WB5-3B1 12.58 
WB5-3B2 9.49 
WB5-3C 10.88 
WB5-3C1 10.15 
WB5-3E 11.89 
WB5-1A 14.26 
WB-7 9.33 
MW-1S 9.60 
TB-6 10.94 
TB6-1A 11.10 
TB6-1B 10.04 
TB6-1B1 11.12 
TB6-1B1A 12.02 
TB6-1B1B 13.11 
OS-B 11.95 
OS-C 12.00 
OS-D 10.20 
OS-E 11.70 
OS-F 13.99 
Average Maximum Depth 
to Water in NAPL Area L4, 
ft below grade 11.59 
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NAPL 
Monitoring Well 

Maximum 
Depth to Water, 
feet below MSL 

NAPL Area L2 
WB-4 13.31 
WB4-2A 12.75 
WM^IA 14.35 
WB4-4B 14.48 

Average Maximum Depth 
to Water in NAPL Area L2, 
ft below grade 13.72 

NAPL 
Monitoring Well 

Maximum 
Depth to Water, 
feet below MSL 

NAPL Area L3 
WB-2 13.75 
WB2-1A 15.19 
WB2-1B 14.14 
WB2-2A 14.02 
WB2-3A1 13.96 
WB2-4A 14.52 
WB2-4B 11.23 
Average Maximum Depth 
to Water in NAPL Area L3, 
ft below grade 13.83 

As shown above, the average maximum depth to water for NAPL Areas LI, L2 and L3 
were approximately 14 below grade and the average maximum depth to water in 
NAPL Area L4 was approximately 12 feet below grade. To conservatively estimate the 
quantity of NAPL and soil to be removed, it was assumed that the depth to water 
extended an additional two feet below grade for NAPL Areas LI, L2 and L3 and 
additional three feet below grade for NAPL Area L4. A higher contingency amount was 
assumed for NAPL Area L4 since few wells are located in the western portion of NAPL 
Area L4. An average maximum depth to ground water of 16 feet was therefore assumed 
for NAPL Areas LI, L2 and L3 and an average maximum depth to ground water of 15 
feet was therefore assumed for NAPL Area L4. 

Based on water table fluctuations observed in the NAPL Areas, it has been assumed that 
soil located two feet above the NAPL layer and two feet below the water table has come 
in contact with NAPL. Assuming an average NAPL thickness of two feet, six feet of 
NAPL and associated soil would be removed from each of the NAPL Areas. 
Consequently, approximately ten feet of overlying soil would be removed from NAPL 
Areas LI, L2 and L3 and approximately nine feet would be removed from NAPL Area 
L4. 

The areal extent of NAPL excavation was estimated using the maximum extent of 
NAPL determined in Section 5.0. To compensate for NAPL that would not be removed 
using excavation (e.g., NAPL beneath the sludge digester and former building 
foundation in NAPL Area L3 and NAPL beneath the equalization tanks in NAPL Area 
L4), the NAPL remaining in NAPL Areas L3 and L4 was subtracted from the maximum 
extent of NAPL. Approximately 370 sf of NAPL would remain beneath NAPL Area L3 
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and approximately 730 sf of NAPL would remain beneath NAPL Area L4. As shown in 
Figure K-3, the areal extent of NAPL excavation in the four NAPL Areas would be: 

Maximum 
Areal Extent 
of NAPL, sf 

NAPL 
Remaining after 
Excavation, sf 

Areal Extent of 
NAPL 

. Excavation, sf 
NAPL Area Ll: 11,900 - 0 = 11,900 
NAPL Area L2: 1,100 - 0 = 1,100 
NAPL Area L3: 2,200 - 370 = 1,830 
NAPL Area L4: 26,400 - 730 = 25,670 

approximately 
- > 1,800 sf 
- > 25,700 sf 

Based on the information provided above, the following quantities of overlying soil and 
NAPL and associated subsurface soil would be removed from each of the NAPL Areas. 

A B C D E F 

NAPL 
Area 

Extent of 
NAPL 

Excavation, 
sf 

Average 
Maximum 
Depth to 
Water, ft 

Estimated 
Maximum 

Thickness of NAPL 
and Associated 

Subsurface Soil, ft 

Depth of 
Overlying 
Soil, ft (1) 

Volume of 
Overlying 
Soil, cy (2) 

Volume of 
NAPL and 
Associated 
Subsurface 
Soil, cy (3) 

Ll 11,900 16 6 10 4,400 2,645 
L2 1,100 16 6 10 410 245 
L3 1,800 16 6 10 670 400 
L4 25,700 15 6 9 8,560 5,700 

Estimated Volume to be Excavated 14,040 cy 8,990 cy 
Estimated Mass to be Excavated (4) 21,060 tons 13,485 tons 

Notes: 
(1) Depth of overlying soil = (average maximum depth to water, ft) - (estimated maximum thickness of 

NAPL and associated subsurface soil, ft) -> Column D = Column B - Column C. 
(2) Volume of Overlying Soil = (extent of NAPL excavation, sf)(depth of overlying soil, ft)/(27 sf/cy) 

--> Column E = (Column A)(Column D)/(27 sf/cy). 
(3) Volume of NAPL and Associated Subsurface Soil = (extent of NAPL excavation, sf)(estimated 

maximum thickness of NAPL and associated subsurface soil, ft)/(27 sf/cy) 
--> Column F = (Column A)(Column C)/(27 sf/cy) 

(4) Mass to be excavated assumes a material density of 1.5 tons/cy. 

Quantity of Materials to be Disposed 

As discussed in Section 7.4.1.6, the following assumptions have been made to estimate 
the quantity of materials to be disposed under Alternative III: 
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• three-quarters of the overlying soil would contain acceptable concentrations of PCBs 
(i.e., less than or equal to 1.0 mg/kg PCBs for surface soil and less than or equal to 10.0 
mg/kg PCBs for subsurface soil) and would be used as on-site backfill for the 
excavated areas; 

• one-quarter of the overlying soil would be classified as a RCRA and TSCA waste and 
disposed of at an off-site RCRA and TSCA-permitted chemical waste landfill; and 

• all the NAPL and associated soil would be classified as a RCRA and TSCA waste and 
disposed of at an off-site RCRA and TSCA-permitted chemical waste landfill. 

Excavated materials would therefore either be: (1) used on-site backfill; or (2) disposed of 
off-site at a RCRA and TSCA-permitted chemical waste landfill. Following are the 
quantities for disposal: 

On-Site Backfill 
Overlying Soil: (0.75)(14,040 cy) = 10,530 cy 

Off-Site Disposal at a RCRA and TSCA-Permitted Chemical Waste Landfill 
Overlying soil: (0.25)(14,040 cy) = 3,510 cy - > (3,510 cy)(1.5 tons/cy) = 5,265 tons 
NAPL and Associated Subsurface Soil: 8,990 cy - > (8,990 cy)(1.5 tons/cy) = 13,485 tons 

Calculations for the total quantity of overlying soil, NAPL and associated subsurface 
soil are provided above. 
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Alternative IV: NAPL Recovery Using Ground Water Depression 

As discussed in Section 7.5.1.5, a component of Alternative IV is construction of NAPL 
recovery trenches in NAPL Area LI and NAPL Area L4. Construction of these trenches 
would result in the excavation of overlying soil, NAPL and associated subsurface soil 
and saturated soil. Some of the overlying soil would be used for on-site backfill and the 
remaining overlying soil, as well as the NAPL with associated subsurface soil and the 
saturated soil, would be disposed off-site. This appendix presents the calculations used 
to estimate the quantities of overlying soil, NAPL and associated subsurface soil and 
saturated soil to be excavated and either backfilled or disposed of off-site under 
Alternative IV. To determine the quantities of these materials, a conceptual design of 
the NAPL recovery trenches was developed. 

The conceptual design of the NAPL recovery trench proposed for NAPL Area LI under 
Alternative II was used as the design for the NAPL Area LI recovery trench proposed 
for Alternative IV. The conceptual design of the NAPL Area LI recovery trench for 
Alternative IV was then used to design the NAPL recovery trench for NAPL Area L4. 
Following is the conceptual design of the NAPL Area LI NAPL recovery trench 
followed by the conceptual design of the NAPL Area LI NAPL recovery trench. 

NAPL Area LI Recovery Trench 

Quantity of NAPL and Associated Soil to Be Removed 

As discussed above for Alternative II, because OU-II NAPL is present as a floating free 
phase on top of the ground water table, the NAPL recovery trench must therefore be 
installed to a depth at or below the lowest ground water elevation observed in the 
proposed NAPL recovery trench location. For the NAPL recovery trench proposed 
from NAPL Area LI, the information provided in Figure K-2 (i.e., the maximum and 
minimum NAPL and ground water elevations observed in NAPL monitoring wells 
located in the vicinity of the proposed NAPL recovery trench during the OU-II 
Remedial Investigation) were used to conceptually design this NAPL recovery trench. 
Additional discussion regarding this figure is provided in the above Alternative II 
discussion. 

As discussed above, the NAPL recovery trench proposed for Alternative II would be 
approximately 150 feet in length, 16 feet in depth and would extend approximately 2.5 
feet below the lowest ground water elevations observed in the vicinity of the proposed 
trench to compensate for potential fluctuations in the ground water table elevation. In 
contrast, the NAPL recovery trench proposed under Alternative IV for NAPL Area LI 
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would be 25 feet in depth, to provide sufficient vertical depth to promote drawdown, 
and would be approximately 240 feet in total length to incorporate all recovery wells 
proposed for this NAPL Area. The NAPL Area LI recovery trench design, provided 
above for Alternative II, was therefore modified to include the increased depth and 
length. 

Using the subsurface cross-section, the vertical extent of NAPL and associated 
subsurface soil to be excavated was estimated. Based on this information, NAPL and 
associated subsurface soil would be excavated from 5 feet above MSL to 2 feet below 
MSL. In total, 7 feet of NAPL and associated subsurface soil would be excavated. The 
depth of NAPL and associated subsurface soil to be excavated was estimated to be 
equal to the maximum NAPL elevation observed in the above identified NAPL 
monitoring wells during the OU-II RI (i.e., 4.97 feet above MSL in NAPL monitoring 
well WB-6E). Because the upper limit of NAPL and associated subsurface soil 
excavation does not define the configuration of the NAPL recovery trench, as the lower 
limit of excavation does, a contingency was not assumed for the upper limit of 
excavation; however, the maximum NAPL elevation was conservatively assumed to 
represent the entire profile. {Note: To address potential future fluctuations in the 
ground water elevation for the proposed NAPL recovery trench, the upper construction 
limit of the proposed NAPL recovery trench (i.e., the upper limit of gravel) would be 
conservatively located two feet above the maximum NAPL elevation (see Figure K-2).} 

As shown in Figure 7-6, five NAPL recovery wells and the OU-II ground water 
monitoring well would be installed in the NAPL recovery trench. The NAPL recovery 
wells would be installed to a depth of 25-feet below grade and the OU-II ground water 
monitoring well would be installed to a depth of 30-feet below grade. 

Based on the above information, the following quantity of NAPL and associated 
subsurface soil would be excavated to construct the NAPL recovery trench: 

NAPL Recovery Trench: (7 ft)(240 ft)(2 ft)/(27 cf/cy) = 124 cy 

Total quantity of NAPL and associated subsurface soil to be excavated to construct the 
NAPL recovery trench: 124 cy. 
Assuming a density of 1.5 tons/cy, the total volume of NAPL and associated subsurface 
soil removed would be: 186 tons. 
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Quantity of Saturated Soil to Be Removed 

As discussed above, under Alternative IV, the depth of the NAPL Area LI recovery 
trench proposed for Alternative IV will be increased from 16 to 25 feet. This additional 
depth (i.e., 9 feet) will be located beneath the area of NAPL and associated soil and will 
extend into the zone of saturated soil. Thus all 9 feet of this additional soil removed 
will be comprised of saturated soil. 

Based on the above information, the following quantity of saturated soil would be 
excavated to construct the NAPL recovery trench: 

NAPL Recovery Trench: (9 ft)(240 ft)(2 ft)/(27 cf/cy) = 160 cy 

Total quantity of saturated soil to be excavated to construct the NAPL recovery trench: 
160 cy. 
Assuming a density of 1.5 tons/cy, the total volume of saturated soil removed would 
be: 240 tons. 

Quantity of Overlying Soil to Be Removed 

The quantity of overlying soil to be excavated for the NAPL Area LI recovery trench 
under Alternative IV was based on the information presented in Figure K-2 for 
Alternative II. As discussed above, under Alternative II, approximately 88 cy of 
overlying soil would be removed to construct the recovery trench. The volume of 
overlying soil to be removed under Alternative IV for the NAPL Area LI recovery 
trench was therefore estimated to be proportional to the ratio of the length of this trench 
under Alternative IV and Alternative II: 

(88 cy)(240 ft/150 ft) = 141 cy 

Because the recovery well vaults, which are 3 ft by 3 ft by 3 ft, are wider than the 
proposed NAPL recovery trench, additional surface soil would be excavated to 
accommodate the recovery well vault. Approximately 1 ft by 3 ft by 3 ft deep of surface 
soil would be removed from each side trench at the five proposed NAPL recovery well 
locations. In total, approximately 3 cy of additional overlying soil would be removed to 
accommodate the recovery well vaults. 

- > i.e., [(2 sides of trench)(5 wells)(l ft)(3 ft)(3 ft)]/(27 cf/cy) = 3 cy 
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In conclusion, the following quantities of overlying soil that would be removed to 
construct the NAPL Area LI recovery trench: 
Overlying soil for the NAPL recovery trench: 141 cy 
Overlying soil for the recovery well vaults: 3 cy 

The total quantity of overlying soil excavated to construct the NAPL recovery trench 
would therefore be: 144 cy. 
Assuming a density of 1.5 tons/cy, the total volume of overlying soil removed would 
be: 216 tons 

Quantity of Materials to be Disposed 

As discussed in Section 7.5.1.7, the following assumptions have been made to estimate 
the quantity of materials to be disposed under Alternative II: 

• three-quarters of the overlying soil excavated for the NAPL recovery trench and all of 
the surface soil excavated to accommodate the recovery well vaults would contain 
acceptable concentrations of PCBs (i.e., less than or equal to 1.0 mg/kg PCBs for 
surface soil and less than or equal to 10.0 mg/kg PCBs for subsurface soil) and would 
be used as on-site backfill for the recovery trench; 

• one-quarter of the overlying soil would be classified as a RCRA and TSCA waste and 
disposed of at an off-site RCRA and TSCA-permitted chemical waste landfill; 

• all the NAPL and associated soil excavated for the NAPL recovery trench would be 
classified as a RCRA and TSCA waste and disposed of at an off-site RCRA and TSCA-
permitted chemical waste landfill; 

• one-quarter of the saturated soil removed from the lower 9 feet of the trench would be 
classified as a RCRA and TSCA waste and disposed of at an off-site RCRA and TSCA-
permitted chemical waste landfill; and 

• three-quarters of the saturated soil removed from the lower 9 feet of the trench would 
be classified as a non-RCRA hazardous and non-TSCA waste and disposed of at an 
off-site non-hazardous waste landfill. 

Soil removed to construct the proposed NAPL recovery trench would therefore either be: 
(1) used on-site backfill for the recovery trench; (2) disposed of off-site at a RCRA and 
TSCA-permitted chemical waste landfill; or (3) disposed at an off-site non-hazardous 
waste landfill. Following are the quantities for disposal: 
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On-Site Backfill 
Overlying Soil 
Backfill Needed: (240 ft)(7 ft)(2 ft)/(27 cf/cy) = 124 cy 
Quantity of Overlying Soil Acceptable for Backfill = (0.75)(141 cy) + 3 = 109 cy 
Additional Backfill Needed: 124 cy -109 cy = 15 cy 
Total quantity of overlying soil to be used for on-site backfill of the NAPL Area LI 
recovery trench: 109 cy or 164 tons 

Off-Site Disposal at a RCRA and TSCA-Permitted Chemical Waste Landfill 
Overlying soil: (0.25)(144 cy) = 36 cy - > (36 cy)(1.5 tons/cy) = 54 tons 
Saturated soil: (0.25)(160 cy) = 40 cy --> (40 cy)(1.5 tons/cy) = 60 tons 
NAPL and Associated Subsurface Soil: 124 cy —> (124 cy)(1.5 tons/cy) = 186 tons 

Total quantity of materials to be disposed at a RCRA and TSCA-Permitted Chemical 
Waste Landfill: 300 cy 

Off-Site Disposal at a non-hazardous waste landfill 
Saturated soil: (0.75)(160 cy) = 120 cy --> (120 cy)(1.5 tons/cy) = 180 tons 

Calculations for the total quantity of overlying soil, NAPL and associated subsurface 
soil are provided in the previous section. 

NAPL Area L4 Recovery Trench 

The NAPL recovery trench proposed fro NAPL Area L4 would be similar in design to 
the NAPL recovery trench proposed for NAPL Area LI. Based on the OU-II ground 
water and NAPL elevation measurements, the depth of NAPL and associated soil for 
the NAPL Area L4 recovery trench would be approximately 7 feet and the depth of 
saturated soil to be removed to construct the recovery trench would be approximately 9 
feet. These values are the same as those assumed for the NAPL recovery trench located 
in NAPL Area L4. Additional discussion regarding the depth of NAPL and associated 
soil for the NAPL Area L4 recovery trench is provided below. 

The main difference between the two proposed recovery trenches is the depth of 
overlying soil in the NAPL Area L4 and the length of the proposed trench in this NAPL 
Area. Review of the OU-II measurements for ground water and NAPL elevations 
indicates that the depth of overlying soil in NAPL Area L4 is less than the depth of 
overlying soil in NAPL Area LI and, as discussed in Section 7.5.1.5, the NAPL recovery 
trench in NAPL Area L4 will be approximately 380 feet in length. Additional discussion 
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regarding these differences and how they affect the conceptual design of the NAPL 
Area L4 recovery trench are provided below. 

Quantity of NAPL and Associated Soil to Be Removed 

As discussed above for Alternative IV, because OU-II NAPL is present as a floating free 
phase on top of the ground water table, the NAPL recovery trench must therefore be 
installed to a depth at or below the lowest ground water elevation observed in the 
proposed NAPL recovery trench location. A summary of the maximum NAPL and 
minimum ground water elevations observed in this area during the OU-II RI is 
provided below: 

Well 
Location 

Measuring Point 
Elevation, 

ft above MSL 

Maximum NAPL 
Elevation, 

ft above MSL 

Minimum NAPL 
Elevation, 

ft above MSL 

Minimum Ground 
Water Elevation, 

ft above MSL 
WB-7 12.34 6.82 6.69 3.16 

MW-1S 13.26 8.05 7.36 3.66 
TB-6-1B1A 17.86 6.20 6.11 6.19 

TB-6-1B 14.27 6.83 6.28 4.23 
WB-5-3C1 13.13 7.30 6.53 4.88 
WB-5-3E 16.45 6.78 6.40 4.56 
WB-5-2A 18.11 6.91 6.39 4.76 
WB-5-1A 18.75 7.48 6.59 5.53 

Average 15.52 7.05 
Maximum 8.05 
Minimum 6.11 3.16 

Based on this information, the lower elevation of NAPL and associated soil was 
assumed to be located approximately two feet below the minimum ground water 
elevation observed during OU-II (i.e., 3.16 ft - 2 ft = 1.16 feet) and the upper elevation of 
NAPL and associated soil was assumed to be located at the maximum NAPL elevation 
observed during OU-II (i.e., 8.05 ft). Thus, the depth of the NAPL and associated soil in 
the NAPL Area L4 recovery trench was estimated to be approximately 7 feet. 

Based on the above information, the following quantity of NAPL and associated 
subsurface soil would be excavated to construct the NAPL recovery trench: 

NAPL Recovery Trench: (7 ft)(380 ft)(2 ft)/(27 cf/cy) = 197 cy 

Total quantity of NAPL and associated subsurface soil to be excavated to construct the 
NAPL Area L4 recovery trench: 197 cy. 
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Assuming a density of 1.5 tons/cy, the total volume of NAPL and associated subsurface 
soil removed would be: 296 tons. 

Quantity of Saturated Soil to Be Removed 

As discussed above, under Alternative IV, the recovery trench will extend 
approximately 9 feet beneath the zone of NAPL and associated soil into the zone of 
saturated soil. Based on the above information, the following quantity of saturated soil 
would be excavated to construct the NAPL recovery trench: 

NAPL Recovery Trench: (9 ft)(380 ft)(2 ft)/(27 cf/cy) = 253 cy 

Total quantity of saturated soil to be excavated to construct the NAPL recovery trench: 
253 cy. 
Assuming a density of 1.5 tons/cy, the total volume of saturated soil removed would 
be: 380 tons. 

Quantity of Overlying Soil to Be Removed 

The quantity of overlying soil to be excavated for the NAPL Area L4 recovery trench 
under Alternative IV was based on the information provided above regarding the grade 
elevations and elevations of NAPL and ground water observed during the OU-II RI. As 
shown above, the average measuring point elevation in NAPL Area L4 is 
approximately 15.52 feet. This is a highly conservative estimate since the measuring 
point elevation may, in some locations, be higher than the ground elevation. Based on 
the maximum NAPL elevation of 8.05 feet, the average depth of overlying soil would be 
approximately 7.5 feet (i.e., 15.52 ft - 8.05 feet). 

Because the recovery well vaults, which are 3 ft by 3 ft by 3 ft, are wider than the 
proposed NAPL recovery trench, additional surface soil would be excavated to 
accommodate the recovery well vault. Approximately 1 ft by 3 ft by 3 ft deep of surface 
soil would be removed from each side trench at the five proposed NAPL recovery well 
locations. In total, approximately 6 cy of additional overlying soil would be removed to 
accommodate the recovery well vaults. 

--> i.e., [(2 sides of trench)(9 wells)(l ft)(3 ft)(3 ft)]/(27 cf/cy) = 6 cy 
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In conclusion, the following quantities of overlying soil that would be removed to 
construct the NAPL Area LI recovery trench: 
Overlying soil for the NAPL recovery trench: (380 ft)(7.5 ft)(2 ft)/(27 cf/cy) = 211 cy 
Overlying soil for the recovery well vaults: 6 cy 

The total quantity of overlying soil excavated to construct the NAPL recovery trench 
would therefore be: 217 cy. 
Assuming a density of 1.5 tons/cy, the total volume of overlying soil removed would 
be: 326 tons 

Quantity of Materials to be Disposed 

As discussed in Section 7.5.1.7, the following assumptions have been made to estimate 
the quantity of materials to be disposed under Alternative II: 

• three-quarters of the overlying soil excavated for the NAPL recovery trench and all of 
the surface soil excavated to accommodate the recovery well vaults would contain 
acceptable concentrations of PCBs (i.e., less than or equal to 1.0 mg/kg PCBs for 
surface soil and less than or equal to 10.0 mg/kg PCBs for subsurface soil) and would 
be used as on-site backfill for the recovery trench; 

• one-quarter of the overlying soil would be classified as a RCRA and TSCA waste and 
disposed of at an off-site RCRA and TSCA-permitted chemical waste landfill; 

• all the NAPL and associated soil excavated for the NAPL recovery trench would be 
classified as a RCRA and TSCA waste and disposed of at an off-site RCRA and TSCA-
permitted chemical waste landfill; 

• one-quarter of the saturated soil removed from the lower 9 feet of the trench would be 
classified as a RCRA and TSCA waste and disposed of at an off-site RCRA and TSCA-
permitted chemical waste landfill; and 

• three-quarters of the saturated soil removed from the lower 9 feet of the trench would 
be classified as a non-RCRA hazardous and non-TSCA waste and disposed of at an 
off-site non-hazardous waste landfill. 

Soil removed to construct the proposed NAPL recovery trench would therefore either be: 
(1) used on-site backfill for the recovery trench; (2) disposed of off-site at a RCRA and 
TSCA-permitted chemical waste landfill; or (3) disposed at an off-site non-hazardous 
waste landfill. Following are the quantities for disposal: 
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On-Site Backfill 
Overlying Soil 
Backfill Needed: (380 ft)(5.5 ft)(2 ft)/(27 cf/cy) + 6 = 161 cy 
Quantity of Overlying Soil Acceptable for Backfill = (0.75)(211 cy) + 6 = 164 cy 
Additional Backfill Needed: 161 cy -164 cy = -3 cy = 0 cy 
Total quantity of overlying soil to be used for on-site backfill of the NAPL Area LI 
recovery trench: 164 cy or 246 tons 

Off-Site Disposal at a RCRA and TSCA-Permitted Chemical Waste Landfill 
Overlying soil: (0.25)(211 cy) = 53 cy —> (53 cy)(1.5 tons/cy) = 79 tons 
Saturated soil: (0.25)(253 cy) = 63 cy --> (63 cy)(1.5 tons/cy) = 95 tons 
NAPL and Associated Subsurface Soil: 197 cy — > (197 cy)(1.5 tons/cy) = 296 tons 

Total quantity of materials to be disposed at a RCRA and TSCA-Permitted Chemical 
Waste Landfill: 470 cy 

Off-Site Disposal at a non-hazardous waste landfill 
Saturated soil: (0.75)(253 cy) = 190 cy - > (190 cy)(1.5 tons/cy) = 285 tons 

Calculations for the total quantity of overlying soil, NAPL and associated subsurface 
soil are provided in the previous section. 
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Figure K-2 
Cross-Sections for the Proposed NAPL Recovery Trench and Well Holes 

Cross-Section for the Proposed NAPL Recovery Trench 
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Notes: 

OU-11 NAPL and ground water elevations for the March 1996 and 
June 1996 NAPL monitoring rounds are presented to the right of 
the line for each NAPL monitoring well. The lower elevations 
were collected during the March 1996 measurement round and 
the higher elevations were collected during the June 1996 
measurement round. Maximum and minimum values are 
identified with an asterisk (*). If the maximum and/or minimum 
NAPL and ground water elevations were not observed during the 
March and June 1996 measurement rounds, tine maximum and/or 
minimum values are presented to the left of the monitoring well 
line along with the date of the measurement round. 
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APPENDIX L 

NYSDEC REMEDIAL ALTERNATIVE SCORING SHEETS 



Alternative I: No Action 
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Table 5.2 

COMPLIANCE WITH APPLICABLE OR RELEVANT AND 
APPROPRIATE NEW YORK STATE STANDARDS CRITERIA AND GUIDELINES (SCGs) 

(Relative Weight = 10) 

Analysis Factor Basis for Evaluation During Score 
Detailed Analysis 

1. Compliance with chemical- Meets chemical specific SCGs such Yes _j/_ 4 
specific SCGs as groundwater standards No 0 

2. Compliance with action- Meets SCGs such as technology Yes 3 
specific SCGs standards for incineration or No \s Q 

landfill 

3. Compliance with location- Meets location-specific SCGs such as Yes y/ 3 
specific SCGs Freshwater Wetlands Act No 0 

TOTAL (Maximum = 10) 

PaciP ?S of 32 



Table 5.3 

Analysis Factor 

PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
(Relative Weight = 20) 

Basis for Evaluation During 
Detailed Analysis 

1. Use of the site after 
remediation. 

TOTAL (Maximum = 20) 

2. Human health and the 
environment exposure 
after the remediation. 

Subtotal (maximum = 10) 

3. Magnitude of residual 
public health risks 
after the remediation. 

Subtotal (maximum = 5) 

4. Magnitude of residual 
environmental risks 
after the remediation. 

Subtotal (maximum = 5) 

TOTAL (maximum = 20) 

Unrestricted use of the land and 
water. (If answer is yes, go to 
the end of the Table.) 

i) Is the exposure to contaminants 
via air route acceptable? 

ii) Is the exposure to contaminants 
via groundwater/surface water 
acceptable? 

iii) Is the exposure to contaminants 
via sediments/soils acceptable? 

Yes 
No 

i) Health risk 

ii) Health risk 

i) Less than acceptable 

ii) Slightly greater than acceptable 

iii) Significant risk still exists 

Score 

~Z 0 

Yes 
No 

/ 3 
0 

Yes 
No 

y 4 
0 

Yes 
No y 

3 
0 

< 1 in 1,000,000 5 

< 1 in 100,000 

( & 

n-_'~ ic ~f f> 



Table 5.4 

Analysis Factor 

SHORT-TERM EFFECTIVENESS 
(Relative Weight = 10) 

Basis for Evaluation During 
Detailed Analysis 

Score 

1. Protection of community 
during remedial actions. 

Subtotal (maximum = 4) 

2. Environmental Impacts 

Subtotal (maximum = 4) 

3. Time to implement the 
remedy. 

Subtotal (maximum = 2) 

TOTAL (maximum = 10) 

° Are there significant short-term risks 
to the community that must be addressed? 
(If answer is no, go to Factor 2.) 

° Can the risk be easily controlled? 

° Does the mitigative effort to control 
risk impact the community life-style? 

0 Are there significant short-term risks 
to the environment that must be 
addressed? (If answer is no, go to 
Factor 3.) 

0 Are the available mitigative measures 
reliable to minimize potential impacts? 

Yes 
No 

Yes 

~r 0 
4 

1 
No 0 

Yes 0 
No 2 

Yes 
No 

Yes 
No 

° What is the required time to implement < 2yr. 
the remedy? > 2yr. 

0 Required duration of the mitigative 
effort to control short-term risk. 

< 2yr. 
> 2yr. 

~Z 

Z 
Q 

1 
0 

1 
0 
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Table 5.5 

Analysis Factor 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
(Relative Weight = 15) 

Basis for Evaluation During 
Detailed Analysis 

Score 

1. On-site or off-site 
treatment or land 
disposal 

Subtotal (maximum = 3) 

° On-site treatment* 
° Off-site treatment* 
° On-site or off-site land disposal 

*treatment is defined as 
destruction or separation/ 
treatment or solidification/ 
chemical fixation of inorganic wastes 

2. Permanence of the remedial 
alternative. 

Subtotal (maximum = 3) 

3. Lifetime of remedial 
actions. 

Subtotal (maximum = 3) 

4. Quantity and nature of 
waste or residual left 
at the site after 
remediation. 

° Will the remedy be classified as 
permanent in accordance with Section 
2.1(a), (b), or (c). (If answer is 
yes, go to Factor 4.) 

° Expected lifetime or duration of 
of effectiveness of the remedy. 

i) Quantity of untreated hazardous 
waste left at the site. 

ii) Is there treated residual left at 
the site? (If answer is no, go to 
Factor 5.) 

ii) Is the treated residual toxic? 

Is the treated residual mobile? 

Yes 
No 

25-30yr. 
20-25yr. 
15-20yr. 
< 15yr. J 

3 
2 
1 
0 

None 3 
< 25% 2 
25-50% 
> 50% ~V 

1 
0 

Yes 
No y 

0 
c 

Yes 0 
No 1 

Yes 0 
No 1 

Subtotal (maximum = 5) 
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Analysis Factor 

Table 5.5 (cont'd) 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
(Relative Weight - 15) 

Basis for Evaluation During 
Detailed Analysis 

Score 

5. Adequacy and reliability 
of controls. 

i) Operation and maintenance required < 5yr. \/ \ 
for a period of: > 5yr. 0 

ii) Are environmental controls required Yes 0 
as a part of the remedy to handle No x/ \ 
potential problems? (If answer is 
no, go to "iv") 

Subtotal (maximum = 4) 

TOTAL (maximum = 15) 

iii) Degree of confidence that controls Moderate to very 
can adequately handle potential 
problems. 

iv) Relative degree of long-term 
monitoring required (compare with 
other remedial alternatives) 

confident 
Somewhat to no 
confident 

Minimum 
Moderate 
Extensive 

J. c 
1 
0 

Djno ?Q of •\? 



Analysis Factor 

Table 5.6 
REDUCTION OF TOXICITY, MOBILITY OR VOLUME 

(Relative Weight = 15) 

Basis for Evaluation During 
Detailed Analysis 

Score' 

1. Volume of hazardous i) Quantity of hazardous waste destroyed 99-100% 
waste reduced (reduction or treated. 
in volume or toxicity). Immobilization technologies do not 
If Factor 1 is not applicable, score under Factor 1. 
go to Factor 2. J A 

i) Are there untreated or concentrated 
hazardous waste produced as a result 
of (i)'.' If answer is no, go to 
Factor 2 

Subtotal (maximum = 10) 
If subtotal = 10, go to 
Factor 3 iii) After remediation, how is the 

untreated, residual hazardous 
waste material disposed? 

00-99% 
80-90% 
60-80% 
40-60% 
20-40% 
< 20% 

Yes 
No 

Off-site 
land 
disposal 
On-site land 
disposal 
Off-site 
destruction 
or treatment 

7 

e 
4 
o 
1 
0 

0 
2 

2. Reduction in mobility of 
hazardous waste. 

If Factor 2 is not applicable, 
go to Factor 3 

i) Quality of Available Wastes 
Immobilized After Destruction/ 
Treatment j » 

ii) Method of Immobilization 

90-100% 2 
60-90% 1 
< 60% 0 

Subtotal (maximum = 5) 

1. Irreversibility of the 
destruction or treatment 
or immobilization of 
hazardous waste 

Reduced mobility by containment 
Reduced mobility by alternative 
treatment technologies 

Completely irreversible 

Irreversible for most of the hazardous 
waste constituents. 

Subtotal (maximum = 5) 

TOTAL (maximum = 15) 

reversible for only some of the 
^rardous waste constituents 

' - ;?rssble for most of the hazardous 
.ĵ '.e constituents. 

© 

-.«-. - £ i i 



Table 5.7 

IMPLEMENTABIUTY 
(Relative Weight - 15) 

Analysis Factor Basis for Evaluation During Scon 
Detailed Analysis 

1. Technical Feasibility 

a. Ability to construct 
technology. No uncertainties in construction. 

ii) Somewhat difficult to construct. 
No uncertainties in construction. 

iii) Very difficult to construct and/or 
significant uncertainties in construction. 

b. Reliability of i) Very reliable in meeting the specified 
technology. process efficiencies or performance goals. 

ii) Somewhat reliable in meeting the specified 
process efficiencies or performance goals. 

c. Schedule of delays i) Unlikely 
due to technical 
problems. ii) Somewhat likely 

d. Need of undertaking i) No future remedial actions may be 
additional remedial anticipated. 

ii) Some future remedial actions may be \J 1 
necessary. 

action, if necessary. 

Subtotal (maximum = 10) 

Administrative Feasibility 

a. Coordination with i) Minimal coordination is required, 
other agencies. 

i) Not difficult to construct. J 

1 

J 3 

2 

/ 2 

1 

2 

y 
i i ) Required c o o r d i n a t i o n i s normal . 1 

i i i ) Extensive c o o r d i n a t i o n is r e q u i r e d . 0 

Subtotal (maximum = 2) 

3. A v a i l a b i l i t y of Services 
and Mater ia l s 

a. A v a i l a b i l i t y of i ) Are techno log ies under cons ide ra t i on 
prospect ive gene ra l l y commerc ia l ly a v a i l a b l e 
techno log ies . fo r the s i t e - s p e c i f i c a p p l i c a t i o n ? 

i i ) W i l l moro than one vendor be a v a i l a b l e 
to prov ide a compe t i t i ve bid? 

M.A-. 

Yes v ' 1 
No 0 

Yes 1 
No 0 



Table 5.7 (cont'd) 

IMPLFMENTAB1LITY 
(Relative Weight = 15) 

Analysis Factor Basis for Evaluation During 
Detailed Analysis 

Kore 

b. A v a i l a b i l i t y of i ) A d d i t i o n a l equipment and s p e c i a l i s t s Yes i 
necessary equipment may be a v a i l a b l e w i t h o u t s i g n i f i c a n t No o 
and s p e c i a l i s t s . de lay . 

MA (29 
Subtotal (maximum = 3) 

TOTAL (maximum = 15) 

0,~,, 10 /-vf 10 



Alternative II: NAPL Removal From Wells 
with NAPL-Only Recovery Systems 
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Table 5.2 

COMPLIANCE WITH APPLICABLE OR RELEVANT AND 
APPROPRIATE NEW YORK STATE STANDARDS CRITERIA AND GUIDELINES (SCGs) 

(Relative Weight = 10) 

Analysis Factor Rasis for Evaluation During Score 
Detailed Analysis 

1. Compliance with chemical- Meets chemical specific SCGs such 
specific SCGs as groundwater standards 

2. Compliance with action- Meets SCGs such as technology 
specific SCGs standards for incineration or 

landfill 

3. Compliance with location- Meets location-specific SCGs such as 
specific SCGs Freshwater Wetlands Act 

TOTAL (Maximum = 10) Q& 

Yes 
No 

S 4 
0 

Yes 
No 

y 3 
0 

Yes 
No 

y 3 
0 

Page 25 of 32 



Table 5.3 

Analysis Factor 

PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
(Relative Weight = 20) 

Basis for Evaluation During 
Detailed Analysis 

1. Use of the site after 
remediation. 

TOTAL (Maximum = 20) 

Human health and the 
environment exposure 
after the remediation. 

Subtotal (maximum = 10) 

3. Magnitude of residual 
public health risks 
after the remediation. 

Subtotal (maximum = 5) 

4. Magnitude of residual 
environmental risks 
after the remediation. 

Subtotal (maximum = 5) 

TOTAL (maximum = 20) 

Unrestricted use of the land and 
water. (If answer is yes, go to 
the end of the Table.) 

i) Is the exposure to contaminants 
via air route acceptable? 

ii) Is the exposure to contaminants 
via groundwater/surface water 
acceptable? 

iii) Is the exposure to contaminants 
via sediments/soils acceptable? 

Yes 
No 

Yes 
No 

Yes 
No 

Yes 
No 

i) Health risk 

i i) Health risk 

i) Less than acceptable 

ii) Slightly greater than acceptable 

iii) 3ignificant risk still exists 

z: 

/ 

/ 

< 1 in 1,000,000 / 

< 1 in 100,000 

J 

.2-^ 
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Table 5.4 

Analysis factor 

SHORT-TERM EFFECTIVENESS 
(Relative Weight = 10) 

Basis for Evaluation During 
Detailed Analysis 

Sco re 

1. Protection of community 
during remedial actions. 

Subtotal (maximum = A) 

2. Environmental Impacts 

Subtotal (maximum = 4) 

3. Time to implement the 
remedy. 

Subtotal (maximum = 2) 

TOTAL (maximum = 10) 

° Are there significant short-term risks Yes o 
to the community that must be addressed? No S 4 
(If answer is no, go to Factor 2.) 

° Can the risk be easily controlled? 

° Does the mitigative effort to control 
risk impact the community life-style? 

° Are there significant short-term risks 
to the environment that must be 
addressed? (If answer is no, go to 
Factor 3.) 

° Are the available mitigative measures 
reliable to minimize potential impacts? 

Yes 1 
No 0 

Yes 0 
No 2 

Yes 
No 

Yes 
No 

S ° 

° What is the required time to implement < 2yr. 
the remedy? > 2yr. t/ 

0 Required duration of the mitigative 
effort to control short-term risk. 

< 2yr. 
> 2yr. V-

3 
0 

1 
0 

1 
0 
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Table 5 .5 

Ana lys i s Factor 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
( R e l a t i v e Weight = 15) 

Basis f o r E v a l u a t i o n During 
De ta i l ed A n a l y s i s 

Score 

1. On-site or off-site 
treatment or land 
disposal 

Subtotal (maximum = 3) 

° On-site treatment* 
° Off-site treatment* 
° On-site or off-site land disposal 

*treatment is defined as 
destruction or separation/ 
treatment or solidification/ 
chemical fixation of inorganic wastes 

2. Permanence of the remedial 
alternative. 

Subtotal (maximum = 3) 

3. Lifetime of remedial 
actions. 

Subtotal (maximum = 3) 

Quantity and nature of 
waste or residual left 
at the site after 
remediation. 

° Will the remedy be classified as 
permanent in accordance with Section 
2.1(a), (b), or (c). (If answer is 
yes, go to Factor 4.) 

° Expected lifetime or duration of 
of effectiveness of the remedy. 

i) Quantity of untreated hazardous 
waste left at the site. 

ii) Is there treated residual left at 
the site? (If answer is no, go to 
Factor 5.) 

ii) Is the treated residual toxic? 

iv) Is the treated residual mobile? 

Yes 
No 

dp 

25-30yr. 
20-25yr. 
15-20yr. 
< 15yr. 

/ 3 
2 
1 
0 

None 
< 25% 
25-50% 
> 50% 

3 
2 
1 
0 

Yes 
No y 

0 

Yes 
No 

0 
) 

Yes 
No 

0 
1 

Subtotal (maximum = 5) 
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Analysis Factor 

Table 5.5 (cont'd) 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
(Relative Weight = 15) 

Basis for Evaluation During 
Detailed Analysis 

Sco re 

5. Adequacy and reliability 
of controls. 

i) Operation and maintenance required < 5yr. 
for a period of: > 5yr. 

ii) Are environmental controls required Yes 
as a part of the remedy to handle No 
potential problems? (If answer is 
no, go to "iv") 

:z o 
y 

Subtotal (maximum = A) 

TOTAL (maximum = 15) 

iii) Degree of confidence that controls Moderate to very 
can adequately handle potential confident / 
problems. 

iv) Relative degree of long-term 
monitoring required (compare with 
other remedial alternatives) 

Somewhat to not 
confident 0 

Minimum J c 
Moderate 1 
Extensive 0 

& 
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Analysis Factor 

Table 5.6 
REDUCTION OF TOXICITY, MOBILITY OR VOLUME 

(Relative Weight = 15) 

Basis for Evaluation During 
Detailed Analysis 

Scor 

1. Volume of hazardous i) Quantity of hazardous waste destroyed 99-100% 
waste reduced (reduction or treated. 
in volume or toxicity). Immobilization technologies do not 
If Factor 1 is not applicable, score under Factor 1. 
go to Factor 2. 

i i ) Are there untreated or concentrated 
hazardous waste produced as a result 
of (i)'.' If answer is no, go to 
Factor 2 

Subtotal (maximum = 10) 
If subtotal = 10, go to 
Factor 3 iii) After remediation, how is the 

untreated, residual hazardous 
waste material disposed? 

deduction in mobility of 
hazardous waste. 

i) Quality of Available Hastes 
Immobilized After Destruction/ 
Treatment 

If Factor 2 is not applicable, 
go to Factor 3 

Subtotal (maximum = 5) 

3. Irreversibility of the 
destruction or treatment 
or immobilization of 
hazardous waste 

i i1 Method of Immobilization 

- Reduced mobility by containment 
• Reduced mobility by alternative 
treatment technologies 

Completely irreversible 

irreversible for most of the hazardous 
waste constituents. 

'.-reversible for only some of the 
1 •i'drdous waste constituents 

: •••. ?rsi bl e for most of the hazardous 
..J•;'.s constituents. 

Subtotal (maximum = 5) 

TOTAL (maximum = 15) 

90-99% 7 
80-90% 6 
60-80% 4 
40-60% T 

20-40% y 1 
< 20% 0 

Yes 
No -? 

0 
2 

Off-site 
land 
disposal 
On-site land 
disposal 
Off-site 
destruction 
or treatment 

90-100% 2 
60-90% 1 
< 60% 0 
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Table 5.7 

IMPLEMENTABILITY 
(Relative Weight - 15) 

Analysis Factor Basis for Evaluation During Score 
Detailed Analysis 

1. Technical Feasibility 

a. Ability to construct i) Not difficult to construct. J 
technology. No uncertainties in construction. 

ii) Somewhat difficult to construct. 
No uncertainties in construction. 

ii) Some future remedial actions may be 
necessary. 

y 2 

1 

2 

/ 1 

iii) Very difficult to construct and/or 1 
significant uncertainties in construction. 

b. Reliability of i) Very reliable in meeting the specified y/ 3 
technology. process efficiencies or performance goals. 

ii) Somewhat reliable in meeting the specified 
process efficiencies or performance goals. 

c. Schedule of delays i) Unlikely 
due to technical 
problems. ii) Somewhat likely 

d. Need of undertaking i) No future remedial actions may be 
additional remedial anticipated, 
action, if necessary. 

Subtotal (maximum = 10) 

?.. Administrative Feasibility 

a. Coordination with i) Minimal coordination is required. </ 2 
other agencies. 

ii) Required coordination is normal. 1 

iii) Extensive coordination is required. 0 

Subtotal (maximum = 2) 
3. Availability of Services 

and Materials 

a. Availability of i) Are technologies under consideration 
prospective generally commercially available 
technologies. for the site-specific application? 

ii) Will moro than one vendor be available 
to provide a competitive bid? 

Yes 
No 

y I 
0 

Yes 
No 

j I 
0 



Table 5.7 (cont'd) 

IMPLEMENTABILITY 
(Relative Weight = 15) 

Analysis Factor Basis for Evaluation During Score 
Detailed Analysis 

b. Availability of i) Additional equipment and specialists Yes »/ l 
necessary equipment may be available without significant No — — Q 

and specialists. delay. 

Subtotal (maximum = 3) 

TOTAL (maximum = 15) 

g) 
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Alternative III: Excavation and Off-Site 
Disposal of NAPL 



Table 5.? 

COMPLIANCE WITH APPLICABLE OR RELEVANT AND 
APPROPRIATE NEW YORK STATE STANDARDS CRITERIA AND GUIDELINES (SCGs) 

(Relative Weight =10) 

Analysis Factor Rasis for Evaluation During Score 
Detailed Analysis 

1. Compliance with chemical- Meets chemical specific SCGs such Yes v/ 
specific SCGs as groundwater standards 

2. Compliance with action- Meets SCGs such as technology 
specific SCGs standards for incineration or 

landfill 

3. Compliance with location- Meets location-specific SCGs such as 
specific SCGs Freshwater Wetlands Act 

No 0 

Yes 
No 

/ 3 
0 

Yes 
No 

/ 3 
0 

TOTAL (Maximum = 10) 
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Table 5.3 

Analysis Factor 

PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
(Relative Weight = 20) 

Basis for Evaluation During 
Detailed Analysis 

1. Use of the site after 
remediation. 

TOTAL (Maximum = 20) 

Human health and the 
environment exposure 
after the remediation. 

Subtotal (maximum = 10) 

1. Magnitude of residual 
public health risks 
after the remediation. 

Subtotal (maximum = 5) 

4. Magnitude of residual 
environmental risks 
after the remediation. 

Subtotal (maximum = 5) 

TOTAL (maximum = 20) 

Unrestricted use of the land and 
water. (If answer is yes, go to 
the end of the Table.) 

i) Is the exposure to contaminants 
via air route acceptable? 

ii) Is the exposure to contaminants 
via groundwater/surface water 
acceptable? 

iii) Is the exposure to contaminants 
via sediments/soils acceptable? 

Yes 
No 

Yes 
No 

Yes 
No 

Yes 
No 

i) Health risk 

ii ) Health risk 

< 1 in 1,000,000 

< 1 in 100,000 

i) Less than acceptable 

ii) Slightly greater than acceptable 

iii) Significant risk still exists 

n^~'~ oc ~-f 



Table 5.4 

Analysis Factor 

SHORT-TERM EFFECTIVENESS 
(Relative Weight = 10) 

Basis for Evaluation During 
Detailed Analysis 

Score 

1. Protection of community 
during remedial actions. 

Subtotal (maximum = 4) 

2. Environmental Impacts 

Subtotal (maximum = 4) 

3. Time to implement the 
remedy. 

° Are there significant short-term risks Yes 
to the community that must be addressed? No 
(If answer is no, go to Factor 2.) 

Can the risk be easily controlled? Yes 
No 

Does the mitigative effort to control Yes 
risk impact the community life-style? No 

° Are there significant short-term risks Yes 
to the environment that must be No 
addressed? (If answer is no, go to 
Factor 3.) 

° Are the available mitigative measures Yes 
reliable to minimize potential impacts? No 

° What is the required time to implement < 2yr. 
the remedy? > 2yr. 

° Required duration of the mitigative < 2yr. 
effort to control short-term risk. > 2yr. 

/ 0 
4 

-y 1 
0 

-? 0 
2 

zL 

1 
J 

Subtotal (maximum = 2) 

TOTAL (maximum =10) <$> 
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Table 5.5 

Analysis Factor 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
(Relat ive Weight = 15) 

Basis fo r Evaluation During 
Detai led Analysis 

Score 

1. On-site or off-site 
treatment or land 
disposal 

Subtotal (maximum = 3) 

0 On-site treatment* 
° Off-site treatment* 
° On-site or off-site land disposal 

*treatment is defined as 
destruction or separation/ 
treatment or solidification/ 
chemical fixation of inorganic wastes 

2. Permanence of the remedial 
alternative. 

Subtotal (maximum = 3) 

3. Lifetime of remedial 
actions. 

Subtotal (maximum = 3) 

Quantity and nature of 
waste or residual left 
at the site after 
remediation. 

° Will the remedy be classified as 
permanent in accordance with Section 
2.1(a), (b), or (c). (If answer is 
yes, go to Factor 4.) 

° Expected lifetime or duration of 
of effectiveness of the remedy. 

i) Quantity of untreated hazardous 
waste left at the site. 

ii) Is there treated residual left at 
the site? (If answer is no, go to 
Factor 5.) 

iii) Is the treated residual toxic? 

^v) Is the treated residual mobile? 

Yes 
No V 

3 
0 

25-30yr. 
20-25yr. 
15-20yr. 
< 15yr. 

y 3 
2 
1 
0 

None 
< 25% 
25-50% 
> 50% 

/ 3 
2 
1 
0 

Yes 
No V 0 

c 

Yes 
No 

0 

Yes 
No 

0 
1 

Subtotal (maximum = 5) 
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Analysis Factor 

Table 5.5 (cont'd) 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
(Relative Weight = 15) 

Basis for Evaluation Ouring 
Detailed Analysis 

Score 

5. Adequacy and reliability 
of controls. 

i) Operation and maintenance required < 5yr. 
for a period of: > 5yr. 

ii) Are environmental controls required Yes 
as a part of the remedy to handle No 
potential problems? (If answer is 
no, go to "iv") 

1 
J. 

Subtotal (maximum = A) 

TOTAL (maximum = 15) 

iii) Degree of confidence that controls Moderate to ver, 
can adequately handle potential confident 
problems. 

1 
Somewhat to not 
confident 0 

i v ) Re la t i ve degree o f long- term Minimum 
mon i to r i ng r equ i r ed (compare wi th Moderate 
other remedial a l t e r n a t i v e s ) Extensive 

J c 
1 
0 
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Analysis Factor 

Table 5.6 
REDUCTION OF TOXICITY, MOBILITY OR VOLUME 

{Relative Weight = 15) 

Basis for Evaluation During 
Detailed Analysis 

Score 

1. Volume of hazardous i) Quantity of hazardous waste destroyed 
waste reduced (reduction or treated. 
in volume or toxicity). Immobilization technologies do not 
If Factor 1 is not applicable, score under Factor 1. 
go to Factor 2. 

i i) Are there untreated or concentrated 
hazardous waste produced as a result 
of (i)Y If answer is no, go to 
Factor 2 

Subtotal (maximum = 10) 
If subtotal = 10, go to 
Factor 3 iii) After remediation, how is the 

untreated, residual hazardous 
waste material disposed? 

99-100% 
90-99% 
80-90% 
60-80% 
40-60% 
20-40% 
< 20% 

Yes 
No 

/ 

O f f - s i t e 
land 
disposal_ 
On-site land 
disposal 
Off-site 
destruction 
or treatment 

3 
7 
6 
4 

1 
0 

0 
2 

deduction in mobility of i) Quality of Available Wastes 
hazardous waste. Immobilized After Destruction/ 

If Factor 2 is not applicable, 
go to Factor 3 

Treatment >4K 

ii) Method of Immobilization 

90--100% 
60--90% 

< 60% 

2 
1 
0 

Subtotal (maximum = 5) 

1. Irreversibility of the 
destruction or treatment 
or immobilization of 
hazardous waste 

Reduced mobility by containment 
Reduced mobility by alternative 
treatment technologies 

Completely irreversible 

Irreversible for most of the hazardous 
waste constituents. 

Subtotal (maximum = 5) 

TOTAL (maximum = 15) 

••reversible for only some of the 
Hrdrdous waste constituents 

> .'?rs i bl e for most of the hazardous 
-j-i'.e constituents. 

/ 

<§> 
D̂ ~<-> 1 0 nf "K"? 



Table 5.7 

IMPLEMENTABILITY 
(Relative Weight - 15) 

Analysis Factor Basis for Evaluation During Scon 
Detailed Analysis 

1. Technical Feasibility 

a. Ability to construct i) Not difficult to construct. 3 
technology. No uncertainties in construction. 

ii) Somewhat difficult to construct. / 2 
No uncertainties in construction. 

iii) Very difficult to construct and/or 1 
significant uncertainties in construction. 

b. Reliability of i) Very reliable in meeting the specified J 3 
technology. process efficiencies or performance goals. 

ii) Somewhat "reliable in meeting the specified 2 
process efficiencies or performance goals. 

c. Schedule of delays i) Unlikely 2 
due to technical , 
problems. ii) Somewhat likely y/ 1 

d. Need of undertaking i) No future remedial actions may be 2 
additional remedial anticipated. 

ii) Some future remedial actions may be y/ 1 
necessary. 

action, if necessary. 

Subtotal (maximum = 10) 

Administrative Feasibility 

a. Coordination with i) Minimal coordination is required, 
other agencies. 

ii) Required coordination is normal. 

iii) Extensive coordination is required. 

J. 

Subtotal (maximum = 2) 

3. Availability of Services 
and Materials 

a. Availability of i) Are technologies under consideration Yes J 1 
prospective generally commercially available No 0 
technologies. for the site-specific application? 

ii) Will moro than one vendor be available Yes J 1 
to provide a competitive bid? No 0 



Table 5.7 (cont'd) 

IMPLEMENTABILITY 
(Relative Weight = 15) 

Analysis Factor Basis for Evaluation During 
Detailed Analysis 

icore 

b. Availability of i) Additional equipment and specialists Yes V \ 
necessary equipment may be available without significant No o 
and specialists. delay. 

Subtotal (maximum = 3 ) 

TOTAL (maximum = 15) 



AlternativeIV: OU-IINAPL Removal Using 
NAPL Recovery With Ground Water Depression 



# 

Table 5.? 

COMPLIANCE WITH APPLICABLE OR RELEVANT AND 
APPROPRIATE NEW YORK STATE STANDARDS CRITERIA AND GUIDELINES (SCGs) 

(Relative Weight = 1 0 ) 

Analysis Factor Basis for Evaluation During Score 
Detailed Analysis 

1. Compliance with chemical- Meets chemical specific SCGs such 
specific SCGs as groundwater standards 

2. Compliance with action- Meets SCGs such as technology 
specific SCGs standards for incineration or 

landfill 

3. Compliance with location- Meets location-specific SCGs such as 
specific SCGs Freshwater Wetlands Act 

Yes 
No 

y 4 
0 

Yes 
No 

y ^ 
0 

Yes 
No 

y 3 
0 

TOTAL (Maximum = 10) (S> 

Dano PS nf 7? 



Table 5.3 

Analysis Factor 

PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
(Relative Weight = 20) 

Basis for Evaluation During 
Detailed Analysis 

Scor* 

1. Use of the site after 
remediation. 

TOTAL (Maximum = 20) 

2. Human health and the 
environment exposure 
after the remediation. 

Subtotal (maximum = 10) 

3. Magnitude of residual 
public health risks 
after the remediation. 

Subtotal (maximum = 5) 

4. Magnitude of residual 
environmental risks 
after the remediation. 

Subtotal (maximum = 5) 

TOTAL (maximum = 20) 

Unrestricted use of the land and 
water. (If answer is yes, go to 
the end of the Table.) 

i) Is the exposure to contaminants 
via air route acceptable? 

ii) Is the exposure to contaminants 
via groundwater/surface water 
acceptable? 

iii) Is the exposure to contaminants 
via sediments/soils acceptable? 

Yes 
No 

i) Health risk 

ii) Health risk 

i) Less than acceptable 

ii) Slightly greater than acceptable 

iii) 3ignificant risk still exists 

, 20 

2_ o 

Yes , / 3 
No 0 

Yes 4 
No 0 

Yes / 3 
No 0 

< 1 in 1,000,000 / 5 

< 1 in 100,000 2 

5 

3 

0 

D^n'o OR nf 1? 



Table 5.4 

Analysis Factor 

SHORT-TERM EFFECTIVENESS 
(Relative Weight = 10) 

Basis for Evaluation During 
Detailed Analysis 

Sco re 

1. Protection of community 
during remedial actions. 

Subtotal (maximum = 4) 

2. Environmental Impacts 

Subtotal (maximum = 4) 

3. Time to implement the 
remedy. 

Subtotal (maximum = 2) 

TOTAL (maximum =10) 

0 Are there significant short-term risks Yes 
to the community that must be addressed? No 
(If answer is no, go to Factor 2.) 

° Can the risk be easily controlled? 

0 Does the mitigative effort to control 
risk impact the community life-style? 

0 Are there significant short-term risks 
to the environment that must be 
addressed? (If answer is no, go to 
Factor 3.) 

° Are the available mitigative measures 
reliable to minimize potential impacts? 

No 
- ^ 

4 

Yes 
No ~ / 

1 
0 

Yes 
No y 

0 
2 

Yes 
No 

y 0 
4 

Yes 

No 

° What is the required time to implement < 2yr. 
the remedy? > 2yr. 

0 Required duration of the mitigative 
effort to control short-term risk. 

< 2yr. 
> 2yr. 

:z o 

~2L 

Z2. 

® 

1 
0 

1 
0 
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Table 5.5 

Analysis Factor 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
(Relative Weight = 15) 

Basis for Evaluation During 
Detailed Analysis 

Score 

On-site or off-site 
treatment or land 
disposal 

Subtotal (maximum = 3) 

° On-site treatment* 
° Off-site treatment* 
° On-site or off-site land disposal 

*treatment is defined as 
destruction or separation/ 
treatment or solidification/ 
chemical fixation of inorganic wastes 

2. Permanence of the remedial 
alternative. 

Subtotal (maximum = 3) 

3. Lifetime of remedial 
actions. 

Subtotal (maximum = 3) 

Quantity and nature of 
waste or residual left 
at the site after 
remediation. 

° Will the remedy be classified as 
permanent in accordance with Section 
2.1(a), (b), or (c). (If answer is 
yes, go to Factor 4.) 

° Expected lifetime or duration of 
of effectiveness of the remedy. 

i) Quantity of untreated hazardous 
waste left at the site. 

ii) Is there treated residual left at 
the site? (If answer is no, go to 
Factor 5.) 

M I ) Is the treated residual toxic? 

^v) Is the treated residual mobile? 

Yes 
No zz 

b 

25-30yr. 
20-25yr. 
15-20yr. 
< 15yr. 

y 3 
2 
1 
0 

None 
< 25% 
25-50% 
> 50% 

3 
2 
1 
0 

Yes 
No y 

0 

Yes 
No 

0 
1 

Yes 
No 

0 
\ 

Subtotal (maximum = 5) 
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Analysis Factor 

Table 5.5 (cont'd) 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
(Relative Weight = 15) 

Basis for Evaluation During 
Detailed Analysis 

Score 

5. Adequacy and reliability 
of controls. 

i) Operation and maintenance required < 5yr. 
for a period of: > 5yr. 

ii) Are environmental controls required Yes 
as a part of the remedy to handle No 
potential problems? (If answer is 
no, go to "iv") 

JL 

1 
0 

0 
1 

Subtotal (maximum = 4) 

TOTAL (maximum = 15) 

iii) Degree of confidence that controls Moderate to very 
confident / l can adequately handle potential 

problems. 

iv) Relative degree of long-term 
monitoring required (compare with 
other remedial alternatives) 

Somewhat to not 
confident 0 

Minimum 
Moderate 
Extensive 

Z 

6) 
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Analysis Factor 

Table 5.6 
REDUCTION OF TOXICITY, MOBILITY OR VOLUME 

{Relative Weight = 15) 

Basis for Evaluation During 
Detailed Analysis 

Scoi 

1. Volume of hazardous 

3. 

i) Quantity of hazardous waste destroyed 99-100% 
waste reduced (reduction or treated. 
in volume or toxicity). Immobilization technologies do not 
If Factor 1 is not applicable, score under Factor 1. 
go to Factor 2. 

i) Are there untreated or concentrated 
hazardous waste produced as a result 
of (i)".' If answer is no, go to 
Factor 2 

Subtotal (maximum = 10) 
If subtotal = 10, go to 
Factor 3 iii) After remediation, how is the 

untreated, residual hazardous 
waste material disposed? 

Reduction in mobility of i) Quality of Available Wastes 
hazardous waste. Immobilized After Destruction/ 

Treatment 
If Factor 2 is not applicable, 
go to Factor 3 

iil Method of Immobilization 

Subtotal (maximum = 5) 

Irreversibility of the 
destruction or treatment 
or immobi1ization of 
hazardous waste 

Reduced mobility by containment 
Reduced mobility by alternative 
treatment technologies 

Completely irreversible 

Irreversible for most of the hazardous 
waste constituents. 

>r^versible for only some of the 
:a-ardous waste constituents 

-••-.-?rsibl e for most of the hazardous 
.,j-:'_e constituents. 

Subtotal (maximum = 5) 

TOTAL (maximum = 15) 

00-99% 
80-90% 
60-80% 

7 
6 
4 

40-60% / o 
20-40% J 1 
< 20% 0 

Yes 0 
No / 2 

Off-site 
land 
disposal 
On-site land 
disposal 
Off-site 
destruction 
or treatment 

90-100% 
60-90% " 
< 60% " 

0 

Do^Q in nf 32 



Table 5.7 

IMPLEMENTABILITY 
(Relative Weight - 15) 

Analysis Factor Basis for Evaluation During Score 
Detailed Analysis 

1. Technical Feasibility 

a. Ability to construct i) Not difficult to construct, 
technology. No uncertainties in construction. 

ii) Somewhat difficult to construct. 
No uncertainties in construction. 

iii) Very difficult to construct and/or 
significant uncertainties in construction. 

b. Reliability of i) Very reliable in meeting the specified 
technology. process efficiencies or performance goals. 

ii) Somewhat "reliable in meeting the specified 
process efficiencies or performance goals. 

ii) Some future remedial actions may be 
necessary. 

/ c. Schedule of delays i) Unlikely _̂ 2 
due to technical 
problems. ii) Somewhat likely 1 

d. Need of undertaking i) No future remedial actions may be 2 
additional remedial anticipated. 
action, if necessary. 

Subtotal (maximum = 10) 

?.. Administrative Feasibility 

a. Coordination with i) Minimal coordination is required. 2 

other agencies. 

ii) Required coordination is normal. 1 

iii) Extensive coordination is required. 0 

Subtotal (maximum = 2) 

3. Availability of Services 
and Materials 

a. Availability of i) Are technologies under consideration 
prospective generally commercially available 
technologies. for the site-specific application? 

ii) Will moro than one vendor be available 
to provide a competitive bid? 

Yes • 
No 

1 
0 

Yes i/ / , 
No 0 



Analysis Factor 

b. Availability of 
necessary equipment 
and specialists. 

Subtotal (maximum = 3) 

TOTAL (maximum = 15) 

Table 5.7 (cont'd) 

IMPLEMENTABILITY 
(Relative Weight = 15) 

Basis for Evaluation Duri 
Detailed Analysis 

i) Additional equipment and 
may be available without 
delay. 



Alternative V: OU-IINAPL Removal Using 
Vacuum Enhanced NAPL Recovery 



& 

Table 5.2 

COMPLIANCE WITH APPLICABLE OR RELEVANT AND 
APPROPRIATE NEW YORK STATE STANDARDS CRITERIA AND GUIDELINES (SCGs) 

(Relative Weight =10) 

Analysis Factor Rasis for Evaluation During Score 
Detailed Analysis 

1. Compliance with chemical- Meets chemical specific SCGs such 
specific SCGs as groundwater standards 

2. Compliance with action- Meets SCGs such as technology 
specific SCGs standards for incineration or 

landfill 

3. Compliance with location- Meets location-specific SCGs such as 
specific SCGs Freshwater Wetlands Act 

Yes 
No 0 

Yes 
No 

/ 3 
0 

Yes 
No 

- iZ 3 
0 

TOTAL (Maximum = 10) 
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Table 5.3 

PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
(Relative Weight = 20) 

Analysis Factor Basis for Evaluation During Score 
Detailed Analysis 

Subtotal (maximum = 5) 

TOTAL (maximum = 20) 

0 
1. Use of the site after Unrestricted use of the land and Yes ( 20 

remediation. water. (If answer is yes, go to No J 
the end of the Table.) 

TOTAL (Maximum = 20) 

2. Human health and the i) Is the exposure to contaminants 
environment exposure via air route acceptable? 
after the remediation. 

ii) Is the exposure to contaminants 
via groundwater/surface water 
acceptable? 

iii) Is the exposure to contaminants 
via sediments/soils acceptable? 

Subtotal (maximum = 10) 

3. Magnitude of residual i) Health risk < 1 in 1,000,000 t/ 5 
public health risks 
after the remediation. ii) Health risk < 1 in 100,000 2 

Subtotal (maximum = 5) 

4. Magnitude of residual i) Less than acceptable »/ 5 
environmental risks 
after the remediation. ii) Slightly greater than acceptable 3 

iii) Significant risk still exists 0 

Yes 
No 

y 3 
0 

Yes 
No 

J 4 
0 

Yes 
No 

/ 3 
0 

*M- - c i n 



Table 5.4 

Analysis Factor 

SHORT-TERM EFFECTIVENESS 
{Relative Weight = 10) 

Basis for Evaluation During 
Detailed Analysis 

Sco re 

1. Protection of community 
during remedial actions. 

Subtotal (maximum = 4) 

2. Environmental Impacts 

Subtotal (maximum = 4) 

3. Time to implement the 
remedy. 

° Are there significant short-term risks 
to the community that must be addressed? No 
(If answer is no, go to Factor 2.) 

° Can the risk be easily controlled? 

0 Does the mitigative effort to control 
risk impact the community life-style? 

0 Are there significant short-term risks 
to the environment that must be 
addressed? (If answer is no, go to 
Factor 3.) 

° Are the available mitigative measures 
reliable to minimize potential impacts? 

Yes 0 
No , / 4 

Yes 1 
No 0 

Yes 0 
No 2 

Yes 

No ZX 

Yes 
No 

4 

° What is the required time to implement < 2yr. 
the remedy? > 2yr. y 

0 Required duration of the mitigative < 2yr. 
effort to control short-term risk. > 2yr. y 

3 
0 

1 
0 

1 
0 

Subtotal (maximum = 2) 

TOTAL (maximum = 10) 
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Table 5.5 

Analysis Factor 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
(Relative Weight = 15) 

Basis for Evaluation During 
Detailed Analysis 

Scor 

1. On-site or off-site 
treatment or land 
disposal 

Subtotal (maximum = 3) 

° On-site treatment* 
° Off-site treatment* 
° On-site or off-site land disposal 

3 

0 

*treatment is defined as 
destruct ion or separation/ 
treatment or s o l i d i f i c a t i o n / 
chemical f i xa t i on of inorganic wastes 

2. Permanence of the remedial 
a l t e rna t i ve . 

Subtotal (maximum = 3) 

3. L i fe t ime of remedial 
ac t ions. 

Subtotal (maximum = 3) 

Quantity and nature of 
waste or residual l e f t 
at the s i te af ter 
remediation. 

° Wi l l the remedy be c lass i f i ed as 
permanent in accordance with Section 
2.1(a) , (b ) , or ( c ) . ( I f answer is 
yes, go to Factor 4 . ) 

° Expected l i f e t ime or duration of 
of effect iveness of the remedy. 

i ) Quantity of untreated hazardous 
waste l e f t at the s i t e . 

Yes 
No ~Z 

ii) Is there treated residual left at 
the site? (If answer is no, go to 
Factor 5.) 

iii) Is the treated residual toxic? 

^v) Is the treated residual mobile? 

25-30yr. 
20-25yr. 
15-20yr. 
< 15yr. 

./ 3 
2 
1 
0 

None 
< 25% 
25-50% 
> 50% 

3 
2 
1 
0 

Yes 
No 

0 
c 

Yes 
No 

0 
1 

Yes 
No 

0 
1 

Subtotal (maximum = 5) 



Table 5.5 (cont 'd ) 

Analysis Factor 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
(Relat ive Weight = 15) 

Basis for Evaluation During 
Detai led Analysis 

Scor< 

5. Adequacy and reliability 
of controls. 

Subtotal (maximum = 4) 

TOTAL (maximum = 15) 

i) Operation and maintenance required 
for a period of: 

ii) Are environmental controls required 
as a part of the remedy to handle 
potential problems? (If answer is 
no, go to "iv") 

iii) Degree of confidence that controls 
can adequately handle potential 
problems. 

iv) Relative degree of long-term 
monitoring required (compare with 
other remedial alternatives) 

< 5yr. 

> 5yr. ~ 7 
1 
0 

Yes / 
No 

0 
1 . 

Moderate to very 
confident </ 
Somewhat to not 
confident 

1 

0 

Minimum J 
Moderate 
Extensive 

c 
1 
0 
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Analys is Factor 

Table 5 .6 
REDUCTION OF TOXICITY, MOBILITY OR VOLUME 

( R e l a t i v e Weight = 15) 

Basis f o r Eva lua t i on During 
D e t a i l e d Ana lys i s . 

Scor J 

1. Volume of hazardous i) Quantity of hazardous waste destroyed 99-100% 
waste reduced (reduction or treated. 
in volume or toxicity). Immobilization technologies do not 
If Factor 1 is not applicable, score under Factor 1. 
go to Factor 2. 

ii) Are there untreated or concentrated 
hazardous waste produced as a result 
of (i)'.' If answer is no, go to 
Factor 2 

Subtotal (maximum = 10) 
If subtotal = 10, go to 
Factor 3 iii) After remediation, how is the 

untreated, residual hazardous 
waste material disposed? 

2. deduction in mobility of i) Quality of Available Wastes 
hazardous waste. Immobilized After Destruction/ 

Treatment 
If Factor 2 is not applicable, 
go to Factor 3 

i i) Method of Immobilization 

- Reduced mobility by containment 
- Reduced mobility by alternative 
treatment technologies 

Subtotal (maximum = 5) 

3. Irreversibility of the 
destruction or treatment 
or immobilization of 
hazardous waste 

Completely irreversible 

Irreversible for most of the hazardous 
«*aste constituents. 

• r r r-versible for only some of the 
fa-ardous waste constituents 

z-' :ers i bl e for most of the hazardous 
.-Jite constituents. 

Subtotal (maximum = 5) 

TOTAL (maximum = 15) 

90-99% 1 
80-90% 6 
60-80% / 4 
40-60% p 

20-40% 1 
< 20% 0 

Yes 0 
No J 2 

Off-site 
land 
disposal 
On-site land 
disposal 
Off-site 
destruction 
or treatment 

90-100% 2 
60-90% 1 
< 60% 0 

© 

2. 5 

3 

2 
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Table 5.7 

IMPLEMENTABILITY 
(Relative Weight - 15) 

Analysis Factor Basis for Evaluation During Scon 
Detailed Analysis 

ii) Some future remedial actions may be 1 
necessary. 

d. Need of undertaking i) No future remedial actions may be 
additional remedial anticipated, 
action, if necessary. 

Subtotal (maximum = 10) 

?.. Administrative Feasibility 

a. Coordination with i) Minimal coordination is required, 
other agencies. 

ii) Required coordination is normal. 

iii) Extensive coordination is required. 

Subtotal (maximum = 2) 

3. Availability of Services 
and Materials 

a. Availability of i) Are technologies under consideration 
"prospective generally commercially available 
technologies. for the site-specific application? 

ii) Will moro than one vendor be available 
to provide a competitive bid? 

1. Technical Feasibility 

a. Ability to construct i) Not difficult to construct. v/ 3 
technology. No uncertainties in construction. 

ii) Somewhat difficult to construct. 2 
No uncertainties in construction. 

iii) Very difficult to construct and/or 1 
significant uncertainties in construction. 

b. Reliability of i) Very reliable in meeting the specified sj 3 
technology. process efficiencies or performance goals. 

ii) Somewhat "reliable in meeting the specified 2 
process efficiencies or performance goals. 

c. Schedule of delays i) Unlikely J_ 2 
due to technical 
problems. ii) Somewhat likely 1 

/ 

/ 

Yes 
No 

J 1 
0 

Yes 
No 

J 1 
0 



Table 5.7 (cont 'd) 

IMPLEMENTABILITY 
( R e l a t i v e Weight = 15) 

Ana lys is Factor Basis f o r Eva lua t ion During 
D e t a i l e d A n a l y s i s 

b. A v a i l a b i l i t y of i ) A d d i t i o n a l equipment and s p e c i a l i s t s Yes 
necessary equipment may be a v a i l a b l e w i t h o u t s i g n i f i c a n t No 
and s p e c i a l i s t s . de lay . 

Subtotal (maximum = 3) & 

TOTAL (maximum = 15) 



APPENDIX M 

ESTIMATION OF NAPL RECOVERY RATES IN OU-II NAPL AREAS 



Appendix M 
Estimation of NAPL Recovery Rates in NAPL Areas 

Harmon Railroad Yard Wastewater Treatment Operable Unit II 
Croton-on-Hudson, New York 

NAPL recovery rates using NAPL-only recovery techniques for NAPL Areas LI, L2, L3 
and L4 were estimated using the baildown testing results contained in Appendix C. 
Baildown testing was conducted in six (6) monitoring wells located within the four 
NAPL Areas during the OU-II RI. One well, WB-9, was located in NAPL Area LI; one 
well was located in NAPL Area L2; one well was located in NAPL Area L3; and three 
wells were located in NAPL Area L4. 

The recharge rate into each of the six wells was determined by dividing the volume of 
NAPL recharged into the well, at equilibrium, by the time it took the well to reach 
recharge equilibrium. The volume of NAPL recharged at equilibrium was determined 
by multiplying the NAPL thickness observed in the well, after baildown was conducted 
and the recharge had reached equilibrium, by the cross-sectional area of the well. After 
the individual recharge rates were estimated, the average recharge rate for the four 
NAPL Areas was determined. Since some areas have more NAPL than others, the 
average was weighted to take into account the volume of NAPL present in each NAPL 
Area. The recharge rate calculations are presented below. 

NAPL Area LI 

WB-9: 1.07 feet of NAPL recharged over 60 minutes in a 2" diameter well 
Aweii = Ttr2 = K (1 ft)V((12 in)2/ft2) = 0.0218 ft2 

Recharge Rate = (Aweii, ft
2) (thickness of NAPL recharge, ft) (7.48 gal /ft3) 

(recharge time, min)/ (1,440 min/day) 

= (0.0218 ft2) (1.07 fQ (7.48 gal/ft3) = 4.18 gal/day 
(60 min)/(1,440 min/day) 

NAPL Area L2 

WB-4: 0.23 feet of NAPL recharged over 60 minutes in a 2" diameter well 
Aweii = Tir2 = 7i (1 ft)2/ ((12 in)2/ ft2) = 0.0218 ft2 

Recharge Rate = (0.0218 ft2) (0.23 ft) (7.48 gal/ft3) = 0.90 gal/day 
(60 min)/(l,440 min/day) 

NAPL Area L3 

WB-2: 0.67 feet of NAPL recharged over 45 minutes in a 2" diameter well 
Aweii = rrr2 - n (1 ft)2/((12 in)2/ft2) = 0.0218 ft2 
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Recharge Rate = (0.0218 ft2) (0.67 ft) (7.48 gal/ft3) = 3.50 gal/day 
(45 min)/(1,440 min/day) 

NAPL Area L4 

WB-IS: 0.64 feet of NAPL recharged over 65 minutes in a 2" diameter well 
Aweii = Ttr2 = 7i (1 ft)2/((12 in)2/ft2) = 0.0218 ft2 

Recharge Rate = (0.0218 ft2) (0.64 ft) (7.48 gal /ft3) = 2.31 gal/ day 
(65 min)/(1,440 min/day) 

WB-7: 0.16 feet of NAPL recharged over 30 minutes in a 2" diameter well 
Aweii = Ttr2 = re (1 ft)2/((12 in)2/ ft2) = 0.0218 ft2 

Recharge Rate = (0.0218 ft2) (0.16 ft) (7.48 gal/ft3) = 1.25 gal/day 
(30 min)/(1,440 min/day) 

WB-5: 0.69 feet of NAPL recharged over 65 minutes in a 2" diameter well 
Aweii = Ttr2 = 7i (1 ft)2/((12 in)2/ ft2) = 0.0218 ft2 

Recharge Rate = (0.0218 ft2) (0.69 ft) (7.48 gal/ft3) = 2.49 gal/day 
(65 min)/(1,440 min/day) 

Average Area L4 recharge rate: 
(2.31 + 1.25 + 2.49) ga l /day /3 wells = 2.02 gal /day/wel l 

Weighted Average Recovery Rates 

The weighted average recovery rate for the four NAPL Areas was then determined 
using the above recharge rates and the NAPL volumes provided in Section 5.2.1.1. 

Estimated NAPL Weighted Value 
Recharge Rate Volume 

4.18 X 26,700 111,606 
0.90 X 2,500 2,250 
3.50 X 4,900 17,150 
2.02 X 118,500 

153,000 
239,370 
370,376 

370,376/153,000 
= 2.42 gal /day/wel l 
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Based on this evaluation, the weighted average recovery rate for the four NAPL Areas 
would be approximately 2.42 gal/day/well. However, to be conservative, an average 
recovery rate of 2 gal/day/well will be assumed for recovery of NAPL from the four 
NAPL Areas. 

ERM-Northeast M-3 F:\MNCROUII\FS_TEXT\APP_M.DOC 

file://F:/MNCROUII/FS_TEXT/APP_M.DOC


APPENDIX O 

ESTIMATION OF THE GROUND WATER REMOVAL RATES 
NEEDED TO AFFECT GROUND WATER DEPRESSION 



Appendix O 
Estimation of the Ground Water Removal Rates Needed to Affect Ground Water 
Depression 

Harmon Railroad Yard Wastewater Treatment Area Operable Unit II 
Croton-on-Hudson, New York 

The estimated pumping rate for the ground water depression system was determined 
using the QUICKFLOW ground water flow model. QUICKFLOW employs the analytic 
element modeling method developed by Strack (1989) to estimate ground water 
withdrawal rates necessary to generate ground water depression throughout a given 
area. QUICKFLOW simulates a homogeneous, isotropic aquifer with uniform thickness 
and an infinite flow field. To simulate the conditions present in OU-II, the following 
model input parameters were assumed: 

• An aquifer thickness of 25 feet was assumed based on the expected depth of the 
recovery wells and recovery trenches. 

• A hydraulic conductivity of 7.5 feet/day, which is approximately 50% higher than 
the average hydraulic conductivity determined using OU-II slug testing results, was 
assumed. A value in excess of the average observed hydraulic conductivity (i.e., 5 
feet/day) was used since the OU-II slug tests were conducted in undeveloped or 
poorly developed monitoring wells and use of such data often underestimates the 
hydraulic conductivity of the formation. 

• An hydraulic gradient of 0.0025 (dimensionless) was estimated using the OU-II 
water table contour maps. 

Each element of the recovery system was simulated using QUICKFLOW. This included 
the following system components: 

• two perpendicular recovery trenches (approximately 240 feet in total length) in 
NAPL Area LI; 

• one recovery well in NAPL Area L2; 

• one recovery well in NAPL Area L3; and 

• one recovery trench (approximately 380 feet in total length) in NAPL Area L4. 

Each of these elements were simulated separately, therefore interference effects were 
not considered in the analysis. This approach would generally tend to overestimate the 
system pumping rate, however any overestimation in this case will be at least partially 
offset by the reduction in system flow caused by the artificial no-flow boundary which 
is set in the model at 25 feet below the water table. Because the actual thickness of the 
aquifer is much greater than the 25 feet used in the model, ground water upflow from 
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below the 25 foot horizon was not considered by the model. Thus flow from beneath 
the 25 foot horizon may contribute additional flow non accounted for in the model. 

Using the above assumptions, the QUICKFLOW model estimated that the following 
ground water recovery rates would be needed to generate the required ground water 
depression in the four OU-II NAPL Areas: 

NAPL Area Estimated 
Flow, gpm 

NAPL Area LI 15 
NAPL Area L2 7 
NAPL Area L3 7 N 

NAPL Area L4 18 
47 

Using the QUICKFLOW model it has been estimated that a total of 47 gpm of ground 
water would have to be recovered under Alternative IV to generate sufficient ground 
water depression in the four OU-II NAPL Areas. As discussed in Section 6.5.1.11, the 
actual ground water extraction rates would be determined during the pilot studies. 
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