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Executive Summary

In 1996, GZA GeoEnvironmental issued the Feasibility Study Report, Stuart-Olver-Holtz Site for
the New York State Department of Environmental Conservation.  The purpose of the feasibility
study was to identify and evaluate technologies to remediate areas of contamination at the
Stuart-Olver-Holtz site identified in the Remedial Investigation Report.  Based on the
recommendations in the feasibility study, a Record of Decision was issued by the New York
State Department of Environmental Conservation in March 1997.  The selected remedy was
Site Wide Alternative 5. Site Wide Alternative 5 consists of excavation or isolation of
contaminated surface soils, a short-term source area extraction system, a downgradient
contaminated overburden groundwater collection trench system, and passive pretreatment of
contaminated groundwater by a zero valence iron wall with eventual discharge to the local
publicly owned treatment works.

In September 1999, IT Corporation submitted the Remedial Design Work Plan for Stuart-Olver-
Holtz, based on the 1997 Record of Decision.  This work plan recommended further
investigation to better define the source area and to determine if any unknown sources existed.
In conjunction with the Pre-Design Investigation Sampling and Analysis Work Plan (February
2000), IT Corporation submitted an Addendum to the Remedial Design Work Plan (March 2000)
for a field pilot test of permanganate injection (Perm-Ox).  Perm-Ox is an in situ chemical
oxidation technology that is used to destroy chlorinated ethenes in groundwater.  The purpose
of the pilot test was to determine if permanganate injection would be a more viable and cost
effective remedial alternative for the overburden groundwater than the current alternative in the
Record of Decision.

The pilot test was performed in June and July 2000.  The pilot test concluded that
permanganate injection is a feasible remedy for chlorinated ethenes in the overburden
groundwater.  When permanganate injection is combined with an augmented in situ
bioremediation system, it provides a feasible and cost-effective remedial alternative for all
chlorinated volatile organic compounds in the overburden groundwater.  The permanganate
injection destroys the chlorinated ethenes, while the bioremediation system destroys the
chlorinated ethanes.

In addition to conducting the permanganate injection pilot test, IT Corporation reevaluated the
overburden groundwater alternative presented in the Record of Decision based on the data
collected during the pre-design investigation study.
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Although both remedial systems listed above would reduce volatile organic compound
contamination in the overburden, a significant difference in implementation time and cost
between the two alternatives exists.  The estimated time required to implement the passive
groundwater treatment alternative (#1) is over 40 years while the estimated time required to
implement the permanganate injection/augmented bioremediation system alternative (#2) is 9
years.  The reactive barrier wall system does not directly address the source area but relies on
transport of volatile organic compounds from the source area to the reactive wall.  The change
in source area volatile organic compound concentrations over time would be characteristic of a
natural degradation process.  In contrast, the permanganate injection/augmented
bioremediation system actively addresses volatile organic compounds in the source area and
within the contaminant plume.  Volatile organic compound concentrations in the source area
would rapidly decline as the active treatment was implemented.  The reactive barrier wall
system requires significantly more time to implement than the permanganate
injection/augmented bioremediation system because of the rate limiting transport of volatile
organic compounds to the reactive barrier.  The difference in time required to implement these
two alternatives can be demonstrated graphically as follows:

This report contains an analysis of the estimated cost to implement the proposed overburden
groundwater actions.  The estimated cost to implement the bedrock groundwater action, surface
soil action, and the Stuart-Olver-Holtz sump contents removal is based upon the estimated
costs presented in the 1996 feasibility study.  The costs presented in the 1996 feasibility study
were adjusted to 2001 dollars using Engineering New Record’s 1996 Annual and May 2001

T C E  C o n c e n tr a t io n  v s . T im e

0

2 0 0 0 0 0

4 0 0 0 0 0

6 0 0 0 0 0

8 0 0 0 0 0

1 0 0 0 0 0 0

1 2 0 0 0 0 0

0 1 0 2 0 3 0 4 0 5 0

T im e  (y e a rs )

So
ur

ce
 A

re
a 

TC
E 

C
on

ce
nt

ra
tio

n 
(p

pb
)

P e rm a n g a n a te  In je c t io n  /
A u g m e n te d  B io re m e d ia tio n

R e a c t iv e  B a rr ie r  W a ll



Pre-Design Investigation Summary/Focused Feasibility Study Report iv
Stuart-Olver-Holtz, Henrietta, New York November 27, 2002

m:193reps/DEC/SOH Final FS_112702

Construction Cost Index.  The total net present worth of the selected alternative (#2) using a
permanganate injection/augmented bioremediation system to address the overburden
groundwater is $4,090,430.  In contrast, the total net present worth of a site-wide alternative
(#1) using a reactive barrier wall to address the overburden groundwater is $7,130,476.
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1.0 INTRODUCTION

In March 1997, the New York State Department of Environmental Conservation (NYSDEC)
issued a Record of Decision (ROD) for the Stuart-Olver-Holtz (SOH) site (NYSDEC Site # 8-28-
079).  The selected remedy was Site Wide Alternative Number 5 (SWA-5) from the SOH
Feasibility Study (FS) Report (Feasibility Study Report, Stuart Olver-Holtz Site, Henrietta, NY,
October 1996).  SWA- 5 consists of a short-term source area extraction system, a downgradient
contaminated overburden groundwater collection trench system, and passive pretreatment of
contaminated groundwater by zero valence iron with eventual discharge to the local Publicly
Owned Treatment Works (POTW).  In addition, SWA-5 also includes the isolation and/or
excavation and off-site disposal of contaminated surface soils, the construction of minor
drainage improvements, and restoration of the excavated areas. Bedrock groundwater
contamination will be addressed by institutional controls. 

During preparation of the Remedial Design Work Plan for SOH (September 1999), it was
determined that additional site characterization was needed to design the prescribed remedial
alternatives in the ROD, and that a more viable and cost-effective remedial alternative for the
chlorinated ethenes in the overburden groundwater might exist.  In February 2000, IT
Corporation submitted a Pre-Design Investigation Sampling and Analysis Plan to further
delineate the source area and determine if additional source areas exist.  In March 2000, IT
Corporation submitted an Addendum to the Remedial Design Work Plan to include a field pilot
test of in situ permanganate oxidation. In June 2002, Shaw performed a soil gas survey under
the confines of the SOH building to further delineate potential source areas.

1.1 Purpose of Investigation

The purpose of the pre-design investigation was to explore the viability of an alternative
remedial action for destroying chlorinated ethene contamination present in the overburden
groundwater, to further delineate the known sources of volatile organic compound (VOC)
contamination, and to investigate other potential VOC sources.

Analytical results from soil borings installed during previous investigations suggested that
several additional soil borings were necessary to further define existing source areas and locate
other potential source areas.  In May and June 2000 additional soil borings were installed on-
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site, and in February 2001 a drain line tracer test (smoke test and video survey) was conducted.
These tasks were directed at delineating the known source area and identifying additional
sources.  In December 2000 groundwater samples were collected and analyzed from 27 on-site
monitoring wells to assess current site-wide groundwater quality.  Prior to December 2000, the
most recent site-wide data was collected in 1996 as part of the Remedial Investigation (RI)
fieldwork.  In addition to the soil borings and groundwater monitoring program, surface soil
samples were collected from the on-site drainage ditch.

Analytical results from the year 2000-2001 investigations listed above indicated the potential for
additional source areas under the confines of the existing SOH building. In June 2002, a soil
gas survey was conducted by Shaw to further identify additional source areas under the
confines of the SOH building.

Based on data presented in the 1996 RI/FS, it was determined that in situ chemical oxidation
may be a viable and cost-effective alternative for remediation of the chlorinated ethenes at the
SOH site.  In March 2000 IT Corporation submitted an Addendum to the Remedial Design Work
Plan for the field pilot testing of permanganate injection (Perm-Ox).  Perm-Ox uses
permanganate to chemically oxidize and destroy chlorinated ethenes in the groundwater.  At the
time the FS was prepared in 1996, in-situ chemical oxidation was an innovative technology and
not widely used.  Since then, in-situ chemical oxidation has been proven as an effective
remedial alternative for VOC contamination at numerous hazardous waste sites.  The results of
the pilot test and an evaluation against the SWA-5 groundwater remedial action are presented
herein.  If in-situ chemical oxidation is shown to be a viable remediation tool, a significant cost
savings for the NYSDEC is expected.

1.2 Site Description and History

The SOH site is located at 39 Commerce Drive, in the Town of Henrietta, Monroe County, New
York (Figure 1-1, Site Location Map).  The site is identified as Town tax map number 161.15-5
and occupies approximately 3.8 acres in a mixed commercial-industrial area.  A manufacturing
building occupies the eastern half of the site.  The remaining area consists of a paved parking
lot, driveways and grass covered areas.  Immediately to the west of the site is a swale that
receives drainage from the SOH site (Figure 1-2, Site Map). 
 
The site is bounded on the east by several small businesses, on the west by Pullman
Manufacturing, on the south by Ruby Gordon, Inc., and on the north side by Commerce Drive
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and several commercial properties.  The site is located within the Red Creek drainage basin.
Red Creek is located about a half mile north and west of the site and flows into the Erie Canal
about 2 miles north of the site. The westernmost portion of the site is located within the 100-year
floodplain of Red Creek.

Operational/Disposal History
The SOH site was developed from farmland in 1962 as Electro Chemical Products, Inc., which
evolved into Stuart-Olver-Holtz, Inc.  SOH operated a specialty finishing business that included
painting, conversion coating and metal plating of parts on a contractual basis.  In 1974, a fire
occurred at the site that destroyed a portion of the facility and resulted in the uncontrolled
release of plating and coating solutions into the environment.  In 1980, SOH applied for (but did
not obtain) a permit to operate a solvent recovery unit at the facility and began accumulating
drums of waste solvents for processing.  The NYSDEC issued an enforcement order requiring
SOH to remove the waste solvent drums, some of which had been observed to be leaking.  In
August 1983, SOH removed approximately 200 drums from the site, but more than 100 drums
remained.  The accumulation of drums had been a recurring problem at this facility.  Efforts by
the NYSDEC to have SOH complete an environmental cleanup of the site were not successful.
The site was subsequently listed as a Class 2 inactive hazardous waste disposal site.

In 1986, SOH filed for Chapter 11 bankruptcy.  Chapter 11 proceedings allowed for the transfer
of the SOH manufacturing facility to Metalade, Inc. and resulted in an approved plan for
business reorganization. Metalade established SOH Acquiring, Inc. to hold the title to the facility.
Metalade then leased the facility back from this holding company. Environmental assessments
of the site made in conjunction with this property transfer confirmed the presence of soil and
groundwater contamination at the site.  Metalade conducted manufacturing operations similar to
those performed by SOH.  A separate parcel of the property is still owned by the original
principals of SOH. SOH, however, was dissolved as a corporation. 

Adjoining the property to the south is Ruby Gordon, Inc., a retail furniture and warehousing
enterprise.  Ruby Gordon applied for a NYSDEC permit to discharge groundwater collected
from their basement sumps to a nearby surface drainage ditch.  Due to the proximity to the SOH
site and the presence of VOCs in the drainage ditch, Ruby Gordon was directed by the
NYSDEC to analyze its sump water for the presence of VOCs.  VOCs were detected in the
sump discharge. VOC groundwater contamination at Ruby Gordon was determined to be
caused by contamination migrating from the SOH property.  Ruby Gordon continues to
discharge groundwater pumped from their basement sumps to the local POTW.  Prior to
discharging, the water is treated to comply with discharge limitations set by the POTW.
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1.3 Remedial History

During April 1985 and March 1986 the NYSDEC conducted inspections of the SOH facility.
Several chemical containers and drums in the southwestern portion of the site were unprotected
outside the SOH building during those inspections.  Container and drum contents were reported
as 1,1,1-trichloroethane, etching waste, methylene chloride, waste thinner, nickel stripping
solution, plating waste paint and other solvents.  The inspections also revealed the presence of
three large dumpsters containing electroplating sludge outside the SOH building.

In 1987, a site assessment was conducted by SOH.  Based on the results of this investigation
and the prior inspections, the following conclusions were reached:  

• Groundwater flow in the overburden aquifer is generally toward the west/northwest.

• VOCs were discovered in soil samples collected from the southwestern portion of the
site, particularly in the vicinity of the drum storage area.

• VOCs were detected in groundwater at the southwestern portion of the site.

• VOCs were detected in the two existing on-site production wells.

In April 1991, Ruby Gordon Inc. conducted hydrogeologic investigations of the Ruby Gordon
property to determine whether SOH was the source of contaminants detected in their basement
sumps.  This study concluded that contaminants found in water from the three basement sumps
were attributable to contaminated groundwater migrating from the SOH site.

Summary of Remedial Investigation/Feasibility Study and Subsequent Work Plans
The NYSDEC has completed an RI/FS at the site. A final RI report, entitled Remedial
Investigation Report, Stuart-Olver-Holtz Site, Henrietta, New York (September 1996) was
prepared describing the field activities and findings of the RI.  The purpose of the RI was to
define the nature and extent of contamination resulting from activities at the site.

The RI was conducted in two phases.  Field work for the first phase was conducted between
October 1994 and December 1994.  Field work for a supplemental phase was conducted
between June 1995 and October 1995.  The RI included the following activities:

• Geophysical survey

• Soil vapor survey

• Air sampling during intrusive activities
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• Test pit excavations

− Installation and sampling of soil borings and monitoring wells

− SOH building bedrock production well assessment and sampling

− Drainage swale, surface water and sediment sampling

− Surface soil sampling

− Catch basin/sump sampling

− Private well survey

The RI identified a probable source area where levels of contamination in overburden
groundwater were much greater than the NYSDEC’s standard criteria and guidance (SCG) for
groundwater.  The most significant concentrations of the contaminants of concern occurred in
the vicinity of the Metalade loading docks at monitoring well OW-7S.  Elevated concentrations of
similar contaminants were also detected in the vicinity of OW-6S, where drums were historically
staged.  Shallow groundwater may also have migrated to this area from the OW-7S source area
due to a hydraulic gradient reversal induced by the basement sumps at the Ruby Gordon
facility. Contaminant levels in the northwest overburden groundwater plume near the SOH
property were also elevated, with well OW-3S containing VOC levels well above groundwater
SCGs. 

There were isolated areas where the surface soil contaminant concentrations exceeded
NYSDEC soil SCGs, presumably due to chemical spills that occurred over the years of
operation.  Groundwater collected from the shallow bedrock beneath the site also showed some
contamination at levels of concern.

Based on the results of the RI, a comparison of the concentration of on-site contaminants to
NYSDEC SCGs, and an evaluation of potential human and environmental exposure routes,
areas were identified that warranted remediation by the NYSDEC.  A feasibility study report
titled Feasibility Study Report, Stuart-Olver-Holtz Site, Henrietta, New York (October 1996), was
prepared to evaluate remedial options for site cleanup.   The FS screened multiple technologies
to remediate the site.  Based on this screening, five site wide remedial alternatives were
developed and evaluated.  Based on this evaluation, SWA-5 was recommended as the
preferred alternative for remediation of the site.  SWA-5 includes the following components:

• Overburden Groundwater Actions
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- Install a shallow groundwater collection trench system along the north and west
property boundaries to collect and contain contaminated groundwater.

- Install and operate a passive groundwater pretreatment system.  The system
consists of subsurface vaults containing zero valence iron filings for destruction of
chlorinated VOCs.  Pretreated groundwater would discharge by gravity to the
sanitary sewer for final treatment at the local POTW.

- Install and operate groundwater extraction wells for removal of contaminants from
the source area near OW-7S.

- Install and operate a shallow groundwater collection trench adjacent to the Ruby
Gordon basement to intercept contaminated groundwater.

- Conduct periodic, long-term overburden groundwater monitoring.
- Construct drainage improvements between Ruby Gordon and the SOH site to

minimize groundwater recharge to the Ruby Gordon basement.
- Recommend deed restrictions on future use(s) of the site.

• Bedrock Groundwater Actions
- Implement institutional controls to reduce the potential for exposure to

contaminated bedrock groundwater.  This would include: disconnecting the SOH
interior bedrock wells, conducting bedrock groundwater monitoring, and
recommending deed restrictions of future use(s) of groundwater.

• Surface Soil Action:
- Excavate the on-site and off-site surface soils that are above SCGs and haul off-

site for disposal.  Regrade and restore the excavated areas.  Isolation of on-site
contaminated surface soils could be done in-lieu of excavation.

• SOH Sump Contents:
- Remove and provide off-site disposal for accumulated sediments from onsite

sumps, catch basins, and related piping.
- Evaluate, upgrade or decommission drainage lines or connections.

In March 1997 NYSDEC issued a Record of Decision for the SOH site (NYSDEC Site # 8-28-
079) selecting SWA-5 as the remedial action for SOH.
In September 1999, IT Corporation submitted the Remedial Design Work Plan for SOH, based
the 1997 ROD.  This work plan recommended further investigations to better define the source
area and determine if any unknown sources existed.

In February 2000, IT Corporation submitted a Pre-Design Investigation Sampling and Analysis
Work Plan to further delineate the source area and investigate the potential for other source
areas.  In conjunction with the work plan, an Addendum to the Remedial Design Work Plan, was
submitted in March 2000 for a field pilot test of permanganate injection (Perm-Ox), an in situ
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chemical oxidation technology that could be used to destroy chlorinated ethenes in the
groundwater.  The Pre-Design Investigation Sampling and Analysis Work Plan and Remedial
Design Addendum were approved by the State for implementation.  Field work began in May
2000.

2.0 POST RI/FS FIELD INVESTIGATION ACTIVITIES

2.1 Introduction

The SOH pre-design investigation was conducted to further characterize the nature and extent
of contamination in groundwater, subsurface soil and surface soil, and to identify additional
areas that contribute to groundwater contamination or pose an unacceptable risk to human
health and the environment.  In addition, an in situ chemical oxidation field pilot test was
conducted with permanganate.  The field investigation was conducted from May 2000 through
February 2001.  Table 2-1 presents the rational for selecting each sampling point.   A summary
of sampling and analyses activities is presented below:

Table 2-2: These sampling activities were conducted in May and June 2000.

• Collection and analysis of 70 subsurface soil samples for one or more of the
following: 

- Target compound list (TCL) VOCs 

- TCL semivolatile organics 

- TCL pesticides and polychlorinated biphenyls (PCBs) 

- Target analyte list (TAL) metals and cyanide  

Table 2-3: These sampling activities were conducted in November 2000 and February 2001. 

• Collection and analysis of 15 sediment/surface soil samples in November 2000 for:

- TCL semivolatile organics (SVOCs) 

- TAL metals and cyanide
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• Collection and analysis of 3 sediment samples collected from pits and manhole
inside and around the facility for TCL VOCs. Table 2-3 presents a summary of the
analysis performed.  These sampling activities were conducted in February 2001.

Table 2-4: These sampling activities were conducted in December 2000.

• Collection and analysis of groundwater samples collected from 27 monitoring wells
for one or more of the following: 

- TCL VOCs

- TAL metals and cyanide

- Inorganic anions 

- Specific conductivity

- Total Organic Carbon (TOC)

- Dissolved Organic Carbon (DOC) 

- Alkalinity

Table 2-4: These sampling activities were conducted in July, September and October 2000.

• Collection and analysis of groundwater samples in up to 10 injection and observation
wells for one or more of the following: 

- TCL VOCs 

- Chemical Oxygen Demand (COD)

- Iron and Manganese 

- Chlorides 

Appendix H presents the Sub-Slab Investigation (Soil Gas Survey) with results summarized in
Tables 1 and 2.  These sampling activities were conducted on June 17-18, 2002.

• Collection and analysis of soil gas samples in 50% of the 28 geoprobe locations
containing the highest PID readings for VOCs against EPA Method TO-14.

• Collection and analysis of soil samples in 25% of the 28 geoprobe locations
containing the highest PID readings against EPA method 8260.

The methodology used to complete each of the above-referenced activities is described in detail
in the following sections.  This chapter has been organized to discuss the methodologies and
rationale for each of the following major components of the SOH Pre-Design Investigation:



Pre-Design Investigation Summary/Focused Feasibility Study Report 9
Stuart-Olver-Holtz, Henrietta, New York November 27, 2002

m:193reps/DEC/SOH Final FS_112702

• Soil Borings and Monitoring Well Installation

- OW-7 Source Area Borings

- Alignment Borings

- Perm-Ox Well Installation

- Temporary Monitoring Well Installation

• Surface Soil/Sediment Sampling

• Groundwater Sampling

• Topographic and Location Survey

• Sodium Permanganate Pilot Test

• Sub-Slab Investigation (Soil Gas Survey)

• Line Tracer Tests and Building Survey

• SAP,QAAP and Data Base Management

The field activities were performed in accordance with the following approved work plans:

• Remedial Design Work Plan, Stuart-Olver-Holtz, September 1999 (Design Work
Plan).

• Pre-Design Investigation Sampling and Analysis Plan, Stuart-Olver-Holtz, February
2000 (Sampling and Analysis Plan (SAP)).

• Remedial Design Work Plan Addendum Perm-Ox Pilot Test, March 2000 (Design
Work Plan Addendum).

• Geoprobe Investigation Work Plan Letter, Stuart-Olver-Holtz, Henrietta, New York,
June 13, 2002 (Sub-Slab Investigation – Soil Gas Survey Work Plan).

2.2 Soil Boring and Monitoring Well Installation

During the implementation of the field activities, a total of 32 borings were installed inside and
outside the Metalade Facility and in the alignment of the collection trench proposed in SWA-5.
A total of 11 soil borings were converted into wells, the remaining 21 soil borings were
abandoned by pressure grouting from the bottom to the boring surface.

All soil borings were installed using 4 ¼” inside diameter (ID), 8-inch outside diameter (OD)
hollow stem augers.  During the installation of the test borings, soil samples were collected
continuously using a 2-inch diameter by 24-inch long split-barrel soil sampler (split-spoon).   A
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150-pound hammer free falling over 30-inches was typically used to drive the split spoon
sampler.  The borings were completed to bedrock until auger refusal. 

Drill cuttings, which were assumed to be non-hazardous, were drummed and transported to an
on-site staging area for future disposal at a NYSDEC approved disposal facility.   

Field sampling equipment and drilling equipment was decontaminated between each sampling
point according to the protocols outlined in the SAP. 

2.2.1 OW-7 Source Area Borings
The OW-7S source area investigation was conducted to locate the source of VOC
contamination previously identified during the 1996 RI/FS.  A total of 20 soil borings were
installed in the area of OW-7S during the period of May 1 through June 19, 2000 by SJB
Services Inc. (SJB) under the supervision of IT Corporation.  A total of 15 borings (SB-1 through
SB-12, and SB-15) were installed outside the facility around OW-7S following a pre-determined
grid pattern.  Five soil borings (SB16 through SB-20) were installed inside the Metalade facility.
These borings are referred to as “outside” and “inside” borings, respectively.  Proposed soil
borings SB-13 and SB-14 could not be installed due to access restrictions.  Soil boring locations
are shown in Figure 2-1.

Soil borings were completed to refusal, which occurred between 29 feet and 44 feet below
grade.  Samples were collected continuously during boring installation using a standard 2-inch
split-spoon driven with a 150-pound hammer.  Due to poor recovery, a 300-pound hammer was
occasionally used (SB1, SB6X and SB15).  The content of each split-spoon was broken into
four 6-inch segments depending on the percentage of soil recovered.  The segments were
labeled from the top of the spoon to bottom: “A”, “B”, “C” and “D”, respectively.  The geology of
each sample was described according to Unified Soil Classification System  (USCS) and
organic vapors were measured (headspace readings) using a photoionization detector (PID).  If
only 50-percent soil was recovered, the sample was split into 2 sections, “A” and “B”.  Any split
spoon with less than 25-percent soil recovery was monitored for organic vapors and discarded.  

All soils were described on a borehole log with respect to their geologic properties and USCS
classifications.  Blow Counts, PID readings, and other field information were also recorded on
these logs which are presented in Appendix B.

The soil samples containing the highest VOC readings were sent to Mitkem Corporation,
Warwick, Rhode Island (Mitkem) for laboratory analysis.  The samples were analyzed for TCL
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Volatiles according to ASP Method 95-1 and Total Organic Carbon (TOC) according to EPA
method 9060. Table 2-2 summarizes the samples collected and the analysis performed.

The sample containers were preserved in accordance with the SAP and packed on ice in an
insulated cooler.  Quality control samples were collected at a frequency of one per 20 samples
collected and included matrix spike/matrix spike duplicates (MS/MSDs) and field duplicates. 

2.2.2 Alignment Borings
A total of 4 borings were installed in the proposed groundwater collection trench described in
SWA-5 to further define the subsurface conditions for the completion of the design of the
containment wall/collection trench.  The borings (B1/PZ-3, B2, B3/PZ-2 and B4/PZ-1) are
referred to as “alignment borings” and were installed between May 25 and 30, 2000 by SJB
under the supervision of IT Corporation (Figure 2-1).  The soil borings were installed to refusal
and sampled continuously following the protocol outlined in Section 2.2.1; soil samples were
screened with a PID for VOC readings but were not submitted for chemical analysis.  The
borehole logs are presented in Appendix B. 

Three soil borings were converted to piezometers (B4/PZ-1, B3/PZ-2 and B1/PZ-3) to determine
the variation of hydraulic head in the area.  The piezometers were installed using two-inch
diameter PVC with 0.020-inch slotted well screen and PVC casing.  Construction details are
presented in the borehole logs in Appendix B. 

2.2.3 Sodium Permanganate Injection Pilot Test Well Installation
As part of the permanganate injection field pilot test, a total of 4 injection wells were installed in
the source area near OW-7S (Section 2.5).  The injection wells (IPZ-1 through IPZ-3, and IW-1)
were installed between June 26 and 29, 2000 by SJB under the supervision of IT Corporation
(Figure 2-2).  The injection wells were all installed so that the screen interval was located
between 14 to 24 feet below ground surface.  The injection wells were constructed with 2-inch
diameter Schedule 80 PVC, 0.020-inch slotted screen according to the work plan specification.
Installation details are presented on the Borehole Logs in Appendix B. 

Boring IW-1 was sampled according to the protocols described in Section 2.1.1.  No soil
samples were collected during the installation of IPZ-1 through IPZ-3.  After installation, all
injection wells were developed by pumping a minimum of 10 well volumes, or pumping for a
period of 1 hour, whichever occurred first, using a submersible well pump. The purge water was
disposed in vegetated areas on site.
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2.2.4 Temporary Monitoring Well Installation
As part of the permanganate injection field pilot test, a total of 4 post-injection monitoring wells
(TW-1 through TW-4) were installed in the source area near OW-7S to monitor the progress of
the permanganate injection (Figure 2-2).  The wells were installed on September 18 and 19,
2000 by SJB under the supervision of IT Corporation. 

No soil samples were collected during the post-injection monitoring well installations.  The
monitoring wells were constructed with 2-inch diameter PVC, 0.020 slotted well screen with the
screen interval located between 14 to 24 feet below ground surface.  Construction details are
included on the Borehole Logs in Appendix B.

Because the wells were installed several weeks after the injection of permanganate, a
neutralizing solution consisting of equal parts of 3-percent hydrogen peroxide, white vinegar and
water was prepared for decontamination purposes.  All field equipment was decontaminated
between well installation using the neutralizing solution as necessary when evidence of sodium
permanganate (purple color) was observed.

On September 19, 2000, all four wells were developed by pumping a minimum of 10 well
volumes, or for a period of 1 hour, using a submersible well pump.  Water that presented
evidence of sodium permanganate (purple tint) was collected and returned to the well when
necessary; all other purge water not containing sodium permanganate was disposed of in
vegetated areas on site.  

2.3 Surface Soil Sampling  

A total of 15 surface soil samples (DD-1 through DD-15) were collected on November 30, 2000
at a depth of 0 to 6 inches below grade (Figure 2-1). The surface soil investigation was
completed in the adjacent offsite drainage swale to further define the limits of surface soils
above NYSDEC SCGs. The samples were collected in 5 transects crossing the swale with 3
samples per transect.  Sediment was sampled according to the SAP and analyzed for TCL
semi-volatile organics TAL metals and cyanide. Surface soil samples were collected according
to the protocol outlined in the SAP.  Quality control samples included field blanks (rinsate
samples), MS/MSD, and a field duplicate.  Surface soil sample collection logs are provided in
Appendix B.



Pre-Design Investigation Summary/Focused Feasibility Study Report 13
Stuart-Olver-Holtz, Henrietta, New York November 27, 2002

m:193reps/DEC/SOH Final FS_112702

2.4 Sump/Catch Basin Sediment Sampling 

On February 15, 2001, IT Corporation collected a total of 3 sediment samples at the site.  These
samples were collected from the bottom of a sump/separator located near the loading dock
(Sewer sample-01), an inside sump located in the south west area of the facility (Sewer sample-
02), and from a sanitary sewer discharge manhole located in the north eastern part of the facility
between the building and Commerce Drive (Sewer sample-04).  The samples were sent to
Mitkem for TCL Volatiles analysis according to ASP Method 95-1. Sampling locations are
presented in Figure 2-1 as samples “01”, “02” and “04”. 

2.5 Groundwater Sampling

Groundwater samples were collected from 27 monitoring wells, injection wells and piezometers,
(Table 2-4) between December 13 and 20, 2000 (Figure 2-2). The groundwater investigation
was completed to determine the present groundwater quality.  Groundwater was sampled
according to the SAP and analyzed for TCL volatile organics, TAL metals, TOC, dissolved
organic carbon, bromide, fluoride, specific conductance, chloride, sulfate, alkalinity, nitrate,
nitrite, phosphates, total dissolved solids and pH.

Before sampling, standing well volumes were calculated as described in the SOH SAP.  The
wells were purged using a twelve-volt direct current submersible pump or a 120-volt alternating
current 2-inch diameter Grundfos Redi-Flo2 submersible pump.  Specific conductance, pH,
turbidity, dissolved oxygen, oxidation-reduction potential and temperature were measured at the
start of purging operations and after each purged well volume. Stabilization of these parameters
within +/- 10 percent from successive purge volumes indicated when groundwater within the
well was at equilibrium with the aquifer.  Groundwater samples were collected immediately
following purging using a disposable polyethylene bailer. The sampling equipment was
decontaminated between each monitoring well following the protocol described in the SAP.  

During the groundwater sampling event, purge water was discharged to the ground surface
except for the Perm-OX injection wells.  The purge water from these wells was containerized in
a 16-gallon container and neutralized with a solution of equal parts vinegar, hydrogen peroxide
and water prior to discharge to the ground surface. 
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The sample containers were preserved in accordance with the SAP and packed on ice in an
insulated cooler.  A trip blank (analyzed for VOCs only) accompanied each cooler that contained
aqueous samples for VOC analyses.  Quality control samples were collected at a frequency of 1
per 20 samples collected and MS/MSDs and field duplicates. 

2.6 Topographic and Location Survey

A site survey to determine the elevation and coordinates of field sampling points, sumps and
catch basins was completed between April and December 2000 by a licensed New York Land
Surveyor.  The locations and inverts of accessible sewer lines and basins, the location of utilities
on-site and in the right-of-ways were also determined. New York State Plane Coordinate
System (NAD 83-96 format) and North American Vertical Datum (NAVD 1988) were used as
horizontal and vertical datum, respectively.

The site survey and site drawings, obtained from the current owner of the site, were used to
develop a site basemap.  Mapping was completed in AutoCAD format. 

2.7 Permanganate Field Pilot Test 

In July 2000, IT Corporation conducted a Perm-Ox field pilot test, an in situ chemical oxidation
remedial technology.  The pilot test was used to determine the suitability of in situ chemical
oxidation of ethene VOCs by the addition of a permanganate solution.  The objectives of the
pilot test were:

• Determine the degree and rate of reaction of injected permanganate with the VOC
ethenes present in the groundwater.

• Determine the radius of influence and migration rate of permanganate in the overburden
groundwater.

• Assess the effectiveness of permanganate as a full scale remediation alternative.

To achieve the pilot test objectives 4 injection wells and 4 post-injection monitoring wells were
installed in the loading dock area of the Metalade facility.  The loading dock area near OW-7R
and OW-7S was previously identified in the 1996 RI/FS as the source area of groundwater
contamination.  The installation of the pilot test wells is discussed in Sections 2.2.3 and 2.2.4.
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Permanganate may be delivered to the subsurface as either a potassium (KMnO4) or sodium
(NaMnO4) salt.  For the purposes of this pilot test, sodium permanganate was used.

2.7.1 Baseline Groundwater Sampling
On July 17, 2000, baseline groundwater samples were collected from injection wells IW-1, IPZ-
1, IPZ-2 and IPZ-3; and monitoring wells OW-7R and OW-7S, to establish pre-injection
conditions.  The groundwater samples were analyzed on-site for pH, dissolved oxygen, specific
conductivity, and oxidation reduction potential.  Off-site analysis of the samples included VOC
analysis (EPA 8260), chemical oxygen demand (COD) (SM 5220C), total iron (SM 6010),
manganese (SM 6010), and chloride (SM 4500).

2.7.2 Permanganate Injection
During the week of July 17, 2000, 720 gallons of 40% sodium permanganate solution was
injected at the loading dock source area through wells IW-1, IPZ-2, and IPZ-3.  Because of tight
geological conditions in the loading dock area, gravity injection was unsuccessful.  However,
under a minimum pressure injection system (3 to 5 pounds per square inch (psi)),
permanganate was successfully delivered to the subsurface at a rate of 0.5 gallons per minute.
Because of the high density of utility conduits in the injection area, some short-circuiting of the
permanganate was observed.  This was overcome by using multi-well injection, instead of one
well for the total mass.

During the injection of permanganate, daily measurements of several field parameters were
monitored.  Daily measurements of temperature, pH, oxygen reduction potential, and
conductivity were recorded at 5 wells (IPZ-1, IPZ-2, IPZ-3, OW-7S, and OW-7R).

2.7.3 Post Injection Field Monitoring and Groundwater Sampling
To determine the efficiency and radius of influence of the permanganate injection system, field
measurements of color, pH, and oxygen reduction potential were collected periodically for
several weeks.  In addition to these measurements additional groundwater sampling and
analysis was conducted.  The first round of post-injection groundwater samples were collected
on September 11 and 22, 2000 (approximately 8 weeks post injection), from IPZ-2, TW-1, TW-
2, TW-3, TW-4, OW-7S and OW-7R.  Samples were analyzed for VOCs by EPA Method 8260,
COD, iron, manganese, and chloride.  The second round of post-injection groundwater samples
were collected approximately 12 weeks post injection on October 20, 2000.  Collected
groundwater samples were analyzed for VOCs, COD, iron, manganese, and chloride.
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2.8 Line Tracer Tests and Building Survey

On January 30 and February 15, 2001, a Smoke Test Investigation was conducted at the facility
by Larsen Engineers.  The investigation had the following objectives:

• Confirm interior and exterior pathways of abandoned, uncapped, combined or cross-
connected storm and sanitary sewer lines identified at the SOH site

• Link interior sewer pathways with confirmed public sanitary and storm sewer lines
located adjacent to the SOH facility

• Identify any potential migration pathways

The smoke test investigation work scope consisted of constructing a description of the facility
condition with floor trench and vaults identified, a smoke injection survey, and recording a video
of underground lines when possible.  Details on the methodology used during the smoke test
investigation can be found in the Stuart Olver-Holtz, Inc Drain System Investigation / Field
Report and Preliminary Findings included in Appendix C.

2.9 Sub-Slab Investigation (Soil Gas Survey)

On June 17 and 18, 2002, a geoprobe investigation was conducted beneath the SOH building
slab. The purpose was to identify any potential additional source areas located under the SOH
building. A total of 28 borings were advanced within the building. As per the Work Plan letter
dated June 13, 2002. The drilling was performed by Aquifer Drilling and Testing, Inc., under the
supervision of Shaw personnel.

Fifty (50) percent of the soil gas samples containing the highest PID readings were submitted
for lab analysis for VOCs according to EPA TO-14. Similarly, twenty-five (25) percent of the soil
samples containing the highest PID readings were submitted for lab analysis according to EPA
Method 8260. A Full Category B Analytical Service Protocol Report was subsequently provided
by Mitkem Corporation and is included in the Investigation Report Appendix. See Appendix H
for the entire investigation report.

All excess soil and associated sampling waste were contained in a 55 gallon drum which was
properly labeled and staged at the site. Subsequent disposal was performed in late September
2002. Field sampling equipment was properly decontaminated between samplings according to
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protocols outlined in the Work Plan letter dated June 13, 2002. See Appendix H for the entire
Sub-Slab Investigation Report dated August 16, 2002, as prepared by Shaw.

2.10 Quality Control

2.10.1 Sampling and Analysis Plan
A SAP and Quality Assurance/Quality Control (QA/QC) Plan were prepared detailing the scope
and investigative methods to be employed in completing the field investigation.  The SAP and
QA/QC Plan were prepared as a single, stand-alone document titled Pre-Design Investigation
Sampling and Analysis Plan (April 2000). The SAP was submitted for approval to the NYSDEC
project manager prior to the commencement of fieldwork.

The SAP included descriptions of the numbers and types of environmental samples to be
collected from each of the study areas.  The SAP also included sampling depths, sampling
methodology, sample container requirements and holding times, sample packaging and
shipping instructions, sample documentation, and operating procedures for field sampling and
decontamination. 
The QA/QC Plan, which was included as Section 3 of the SAP, included a description and
rationale for the collection of field blanks, trip blanks, blind duplicate samples, and MS/MSD
samples.  The QA/QC plan also included instructions for the calibration of field instruments.

2.10.2 Data Usability Summary Report
Third party validation was performed by EcoChem Inc. of Seattle, Washington.  The adherence
of laboratory analytical performance to the methods used was evaluated during the data
validation process.  The NYSDEC Guidance for the Development of Data Usability Summary
Reports (NYSDEC 1997), Region II Standard Operating Procedure HW-6, Rev#11 (USEPA 6-
96), and Region II Standard Operating Procedure HW-2, Rev.#11 (USEPA 1-92) were used as
guidelines for data qualifications.

The data validation consisted of a systematic review of the analytical results, associated quality
control methods and results, and all of the supporting data.  A Data Usability Summary Report
(DUSR) was prepared for each sample delivery group (SDG) containing surface and subsurface
soil samples and the July and December 2000 water samples results.  
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During the validation process environmental samples analysis data were evaluated for
precision, accuracy, and representativeness by reviewing the quality control sample results and
instrument calibrations.  The validation procedure concluded that a number of the sample
analysis results, in each laboratory analytical report, include a ‘qualifier’, or ‘flag’, corresponding
with the analytical result.  The qualifiers used and their definition are included in Appendix E
with the DUSR reports.

2.10.3 QA/QC Samples and Results
QA/QC measures were taken to ensure sample integrity and to maintain confidence in the
resultant data.  QA/QC samples were collected in accordance with the approved Work Plan.
The results of the QA/QC samples were reviewed during the data usability review and reported
in the DUSRs.

2.10.4 Database Management
 The data was reported with validator qualifiers only.  An electronic copy of the validated data
was entered into an Access Database.  The database was then used to generate result tables
and provide data for the concentration contour maps.  Because of elevated concentrations of
certain compounds, detection limits were often higher than the contract requirements.  As a
guideline when modeling data, 50-percent of the detection limit was typically used.  It is
important to note that modeling results calculated with 50-percent of detection values are
considered conservative and might indicate false contamination in some areas.
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3.0 RESULTS OF PRE-DESIGN INVESTIGATION SAMPLING PROGRAM

3.1 Introduction to Analytical Results

This section presents a discussion of all sampling data collected at the Site between May 1,
2000 and June 18, 2002.  Analytical data from previous investigations is presented in Appendix
F.

Soil sampling results are compared to the NYSDEC Recommended Soil Cleanup Objectives
presented in Technical and Administrative Guidance Memorandum 4046 (TAGM 4046
Objectives).  Groundwater Analytical results are compared to NYSDEC Division of Water
Technical and Operational Guidance Series 1.1.1 Ambient Water Quality Standards and
Guidance Values (TOGS 1.1.1 Standards).

3.2 Geological Evaluation

The available geological information was reviewed to identify coarser and/or more permeable
layers within the till units that could have contributed to the distribution of contaminants across
the site.  Such units are often referred to as “sand stratum” in the 1996 RI/FS boring logs and
were identified in several boreholes installed in 2000 (SB-2, SB-3, SB-4, SB-5, SBX-6, SB-8,
SB-11, SB-16 and SB-18).  These layers of sand and gravel were observed at various depths,
often between 7 to 12 feet and 16 to 22 feet below grade, but were not identified with
consistency across the site.  These stringers are likely playing a role in the distribution of
contaminants across the site.   

3.3 Subsurface Soil Samples Analytical Results

Seventy (70) subsurface soil samples were collected from SB-1 through SB-12, and SB-15
through SB-20 and analyzed for one of the following: VOCs, TOC, SVOCs and PCBs.  The
samples were collected to further delineate and characterize the source area by the Metalade
loading dock identified in 1996.  This information was also used for the design of the Perm-Ox
field pilot test.
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3.3.1 VOCs Results in Subsurface Soil Samples
Based on the soil and groundwater data collected in 1996, the RI report concluded that the area
adjacent to the well cluster OW-7 (the Metalade loading dock) was a source area for
groundwater contamination.  The analytes detected at the highest concentrations in this area
were trichloroethene (TCE) at 1,500 µg/kg in OW-7S (28-30 feet) and 1,1,1-trichloroethane
(1,1,1-TCA) at 210 µg/kg in OW-7S (8-10 feet).  However, sufficient data was not collected in
1996 to fully characterize and delineate the source area for completion of the remedial design.
To complete the characterization and delineation, a total of 70 subsurface soil samples were
collected from 24 soil borings (Figure 2-1).  VOCs were detected in 61 of the 63 subsurface soil
samples analyzed for VOCs.  Thirty five samples reported concentrations of a least 1 VOC
analyte above TAGM 4046 Objectives.  The analytes detected above TAGM 4046 Objectives
include 1,1,1-TCA, TCE, 1,1-dichloroethane (1,1-DCA), 1,2 dichloroethene (total) (1,2-DCE
(total)), acetone, methylene chloride, tetrachloroethene (PCE), and xylene.  

VOCs were detected above the NYSDEC TAGM 4046 at various depths and concentrations in
the soil borings located outside and inside the facility.  Most of the samples analyzed reported
elevated VOC concentrations at approximately 16 to 24 feet, 30 feet, and 38 to 40 feet below
ground surface.  TCE was the most prevalent VOC found in the soil samples, with detected
concentrations ranging from 1 µg/kg to 110,000 µg/kg.  The highest concentration was detected
at SB-3 (16-18) C.  Analytical results also reported elevated VOC concentrations in soil borings
located inside the facility.  Elevated concentrations of 1,1,1-TCA were detected in SB-18 (18-20)
A and SB-18 (22-24) A at 20,000 µg/kg and 1,100,000 µg/kg, respectively.  Elevated
concentrations of acetone and PCE were detected in SB-20 (16-18) A (2,100 and 73,000 µg/kg,
respectively).  These concentrations are at least an order magnitude greater than the VOC
concentrations detected in the soil samples collected during the 1996 RI.  Based on the spatial
distribution of the contaminants and concentrations found, the data seems to indicate the
presence of a secondary source area within the building close to soil boring SB-20.  Table 3-1A
presents the analytical results for detected VOCs in subsurface soil samples and complete
results are presented in Appendix D.   Table 3-9 and Figure 3-1A presents the analytical
results for detected VOCs in the shallow subsurface soil samples. Further, based on the June
2002 Sub-Slab Investigation, it appears that a secondary source area is located between SB-16
and SB-19 (see Section 3.9 and Appendix H for further information).

Upon review of the data, a direct correlation has been established between TCE concentrations
in subsurface soil sample samples and the PID readings collected in the field (Table 3-2).
Using the least squares method, the following correlation was established:
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Y = 2.60X
R2 = 0.82

Where Y = TCE Concentration (µg/kg)
X = PID Reading 
R2 = Correlation Coefficient

3.3.2 SVOCs and PCBs in Subsurface Soil Samples
Metals and PCBs were not detected in SB-1 Cuttings, the only soil sample analyzed for these
parameters. Sample SB-1 Cuttings was collected as a grab sample from the cuttings of SB-1
when evidence of product was observed on the soil during drilling activities.  SB-1 Cuttings were
analyzed for VOCs, SVOCs and pesticide/PCBs.  These results are in concurrence with SVOC
and PCB data presented in the 1996 RI.  Detected metal and PCB analytes are presented in
Table 3-1B and the complete results are presented in Appendix D.    

3.3.3 TOC Results
To provide data for the design of the proposed permanganate injection remedial system, 7 of
the 70 subsurface soil samples collected were analyzed for TOC.  The detected results ranged
between 0.5 percent  (SB-1(16-18)D) and 30.9 percent (SB-6(10-12)A).  The average TOC
value is 0.9 percent (the TOC result of 30.9 percent from SB-6 (10-12) A was not used for the
calculation of the average TOC value).

3.4 Surface Soil Sampling Analytical Results

A total of 15 surface soil samples were collected from DD-1 through DD-15 and analyzed for
SVOCs and Metals, which were identified as chemicals of concern in the 1996 RI/FS.  Surface
soil sampling was performed to further define the extent of surface soil impacts in the adjacent
off site right-of-way drainage swale. 

3.4.1 SVOC Analytical Results in Surface Soil Samples
SVOCs were detected in all 15 surface soil samples collected.  Surface soil sampling locations
and results are presented on Figure 3-1.  Fourteen (14) surface soil samples report SVOC
concentrations above the TAGM 4046 Objectives.  The analytes detected above TAGM 4046
Objectives include acenapthene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(g,h,i)perylene, chrysene, dibenzo(a,h)anthracene, fluoranthene,
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fluorene, indeno(1,2,3-cd)pyrene, naphtalene, phenanthrene, phenol, and pyrene.  Table 3-3
presents SVOC results for detected compounds; complete analytical results are presented in
Appendix D.

The most prevalent SVOC detected above the TAGM 4046 Objectives is benzo(a)pyrene, which
was detected at concentrations ranging from 84 µg/kg to 110,000 µg/kg.  Benzo(a)anthracene,
benzo(b)fluoranthene and chrysene were also detected above the TAGM 4046 Objectives in
DD-4, DD-8 and DD-12.  In samples DD-9 and DD-13 almost all detected SVOCs were found at
an elevated concentration.
 
The 1996 FS identified total PAHs as the chemical of concern for SVOCs in the surface soil.
The current data concurs with this conclusion, as total PAH concentrations for most of the
surface samples averaged 1,000 µg/kg with the exception of DD-4, DD-8 and DD-12 which
report total PAH concentrations above 10,000 µg/kg.  Total PAH concentrations in DD-9 and
DD-13 exceed 500,000 µg/kg.  Total PAH results for surface soil samples are presented in
Figure 3-1. 

3.4.2 Metal Analytical Results in Surface Soil Samples
Metal analytes were detected in all 15 surface soil samples collected.  Twelve (12) soil samples
reported metal concentrations above the TAGM 4046 Objectives.  The analytes detected above
TAGM 4046 Objectives include cadmium, calcium, magnesium, and zinc for most of the
samples.  Mercury was detected above TAGM 4046 Objectives in DD-11 and DD-13.
Chromium, lead, manganese were also detected above Objectives in DD-13.    

The 1996 FS identified arsenic, cobalt, and lead as chemical of concerns for metals in surface
soil.  The data from the current investigation reported 3 of these metals were detected in all soil
samples at concentrations below TAGM 4046 Objectives with the exception of lead in DD-13.
Results for metal analytes are presented in Figure 3-1 (for arsenic, cobalt and lead only).

3.5 Sump/Catch Basin Sediment Sampling Results

To further characterize sediments in the manholes, catch basins, and sumps located inside and
outside the facility, 3 sediment samples were analyzed for VOCs. 
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3.5.1 VOC Analytical Results in Sump/Catch Basin Sediment Samples
VOC analytes were detected at concentrations above the TAGM 4046 Objectives in all 3
sediment samples collected.  The sediment sampling locations are presented in Figure 2-1 and
the analytical results are presented in Table 3-4.  The analytes detected above TAGM 4046
Objectives include 1,1,1-TCA, 1,1-DCA, 2-butanone, acetone, PCE, vinyl chloride and xylene
(total).

Sample 01, was collected in a separator catch basin/manhole that is the discharge point for
several facility drainpipes.  The manhole is approximately 4 feet in diameter and an estimated
10 feet of sediment is present at the bottom of the manhole.  1,1,1- TCA, 1,1-DCA, 2-butanone,
acetone, PCE, vinyl chloride, and xylene were all detected above TAGM 4046 in Sample 01.

Sample 02 was collected in a sump, located in the southwestern part of the facility where floor
drains appear to be discharging.  The depth of the sump is not known.  1,1,1- TCA and 1,1-DCA
were the only VOCs detected, however, they were both detected above TAGM 4046 Objectives.

Sample 04 was collected in a manhole connected to the city sanitary sewer.  Three VOCs
(1,1,1-TCA, 1,1-DCA and 2-butanone) were detected above TAGM 4046 Objectives.

3.6 Hydrogeological Evaluation

Subsurface water level measurements were recorded on December 13, 2000.   Table 3-5
presents the depth to water measured, ground elevation, water table elevation and PID readings
collected during gauging activities.  As reported in the 1996 RI, groundwater is present in the
overburden soil deposit and in the bedrock formation and will be referenced as ‘overburden
groundwater’ and ‘bedrock groundwater’ for this report.
 
Depth-to-water levels collected from the shallow wells (typically screened above 25 feet below
ground surface) are presented on Figure 3-2.  The general overburden groundwater flow
direction across the Site is to the north-northwest.  The overburden groundwater elevation in the
area of OW-7S (source area) is approximately 523 feet (5 feet below ground surface).  Across
the Site, the average overburden groundwater elevation is 522.26 feet (8 feet below ground
surface).  The general top of bedrock groundwater elevation is 518 feet (10 feet below ground
surface).  The gradient across the site generally varies between 0.013 feet/feet (calculated with
OW-LS (MW-2) and B3/PZ-2) and 0.033 feet/feet (calculated with OW-LS (MW-2) and MW-5S).  
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A localized southwesterly groundwater flow direction can be observed in the southwestern part
of the SOH property. The change in groundwater direction in that area of the site is induced by
three sump pumps located in the basement of the Ruby Gordon Property near the northwest
corner.  According to the 1996 RI, the pumps start when groundwater elevation reaches 521.00
feet.

The depth-to-water levels collected from the deep wells (typically screened below 30 feet below
ground surface) are presented in Figure 3-3.  The general top of bedrock groundwater flow
direction is also to the north-northwest and the gradient across the site is approximately 0.002
feet/feet (between OW-2R and OW-3R).  

3.7 Groundwater Sampling Results

To characterize the current groundwater conditions at the site, a total of 27 groundwater
samples were collected between December 14 and 19, 2000.  Twenty-two (22) samples were
collected from the overburden groundwater and 5 samples were collected from the bedrock
groundwater.  The groundwater samples were analyzed for TCL volatile organics, TAL metals,
TOC, dissolved organic carbon, bromide, fluoride, specific conductance, chloride, sulfate,
alkalinity, nitrate, nitrite, phosphates, total dissolved solids and pH.  

Groundwater samples were also collected from selected wells in July, September, and October
2000 during the implementation of a permanganate pilot test.  Groundwater samples collected
in July were used as a baseline to establish the efficiency of the pilot test, the September and
October events were used to monitor the pilot test progress.   The results of the groundwater
samples collected for the pilot test will be discussed in Section 4.0.  This data is included in the
data summary tables.   

This section of the report will discuss the analytical results of the samples collected between
December 14 and 19, 2000.  The results will be presented first for overburden groundwater,
then for the bedrock groundwater. 

3.7.1 Overburden Groundwater
A total of 22 groundwater samples were collected and analyzed for TCL volatile organics, TAL
metals, TOC, dissolved organic carbon, bromide, fluoride, specific conductance, chloride,
sulfate, alkalinity, nitrate, nitrite, phosphates, total dissolved solids and pH.
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3.7.1.1 VOC Results in Overburden Groundwater
VOCs were detected in 21 of the 22 groundwater samples collected in December 2000.
Twenty-one (21) groundwater samples reported at least one VOC result above the TOGS
standards.  The majority of the samples reported the following analytes above TOGS standards:
1,1,1-TCA; 1,1-DCA; 1,1-dichloroethene (1,1-DCE); 1,2 DCE (total); cis-1,2 DCE, methylene
chloride; PCE; TCE; and vinyl chloride.  1,1,2-TCA, 2- butanone, acetone, benzene,
chlorochloromethane, carbon tetrachloride, chloroform, chloroethane and toluene were also
found in PZ-2 and TW-2.  The monitoring well locations are presented in Figure 3-4A.  The
results of detected VOCs in overburden groundwater samples are presented in Table 3-6A.
Complete analytical results are included in Appendix D.  

The most prevalent VOCs detected above TOGS Standards were 1,1,1-TCA; 1,1-DCA; 1,1-
DCE; cis-1,2 DCE; 1,2-DCE (total); methylene chloride; and TCE.  These compounds were
detected in most of the groundwater samples collected.  Analytical results from groundwater
samples collected from IPZ-2 and TW-2 indicated the presence of several other VOCs at
elevated concentrations.  IPZ-1 and TW-1 reported the highest TCE concentrations during the
December sampling program at 600,000 µg/L and 640,000 µg/L, respectively.   

The highest TCE concentrations in overburden groundwater was detected in IPZ-2 (1,200,000
µg/L) during the July 2000 sampling event, before the beginning of the permanganate pilot test.
The 1996 RI had identified the area of OW-7S as the source area for the site.  The 2000
investigation seems to indicate that the potential source of chemical is located closer to IPZ-2
than to OW-7S.  Further discussions about the TCE source can be found in Section 4. 

The 1996 FS identified 1,1,1-TCA; 1,1-DCA; 1,1-DCE; 1,2-DCA; 1,2-DCE (total); methylene
chloride; TCE; PCE; and vinyl chloride as chemicals of concern for VOCs in overburden
groundwater.  The current investigation concurs with this conclusion; however, concentrations
found during the current investigation are approximately an order-of-magnitude higher than
those reported in the 1996 RI.  The analytical results for these VOCs are presented in Figures
3-4A and 3-4B (source area).  

Figure 3-5 presents current TCE concentration across the Site.  The concentration contour lines
were generated using Surfer, version 7.0 (Golden Software), using the Krigging model.
However, because of the large amount of data with elevated detection limits, 50 percent of the
detection limit was used for results flagged with a “U”.  Therefore, the contour generated must
be considered conservative.  As shown, TCE concentrations are the highest in the source area
near OW-7S, diminishing in an almost radial pattern as distance increases from the source
area, presenting single digit concentration at the periphery of the site.  A plume of elevated TCE
concentration is also observed in the southwestern part of the site, following the groundwater
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isocontour map presented in Figure 3-2.  The general trends of these isoconcentration maps
concur with the 1996 RI.  

3.7.1.2 Metal and Cyanide Analytical Results in Overburden Groundwater
Metal analytes were detected in all of the 22 groundwater samples collected.  All groundwater
samples reported concentrations above TOGS 1.1.1 standards for at least one metal analyte.
The metal analytes detected above TOGS 1.1.1 standards include antimony, chromium, iron,
lead, magnesium, manganese, mercury, selenium and sodium.  Iron, lead and magnesium were
detected above TOGS 1.1.1 standards in almost all groundwater samples with the exception of
OW-7S (iron only).  Other analytes detected above TOGS 1.1.1 standards include antimony
(OW-5S, OW-8S and PZ-2), mercury and selenium (IPZ-2 and IPZ-3) and nickel (TW-2). The
results of detected metal in overburden groundwater samples are presented in Table 3-6A. 

The elevated concentrations of sodium and manganese in the source area might be related to
the sodium permanganate used in the pilot test.  However, the background concentration of
iron, magnesium, manganese and sodium across the site appears to be naturally elevated.  

The 1996 FS identified aluminum, cobalt, lead, manganese, nickel and vanadium as chemicals
of concern for metals in overburden groundwater.  The current investigation did not report
aluminum, cobalt and vanadium above TOGS 1.1.1 standards in any groundwater samples.
Lead was detected above standards in IPZ-2 and OW-1 and nickel in TW-2.  Manganese was
detected at concentrations above TOGS 1.1.1 standards in IPZ-1, IPZ-2, IPZ-3, IW-1, OW-5S,
OW-6S, PZ-1, PZ-3, TW-1, TW-2, TW-3, OW-1S and OW-2S which seems to indicate a site-
wide distribution.

3.7.1.3 Wet Chemistry and Miscellaneous Results in Overburden Groundwater
The analytical results reported in this section include specific conductance, fluoride, DOC, TOC,
chloride, nitrate/nitrite, total phosphate, sulfates, alkalinity, total dissolved solids, pH, COD and
bromide.

An analytical summary of detected compounds is presented in Table 3-6B and complete results
are included in Appendix D.

3.7.2 Bedrock Groundwater Results
Groundwater samples were analyzed for TCL volatile organics, TAL metals, total organic
carbon, dissolved organic carbon, bromide, fluoride, specific conductance, chloride, sulfate,
alkalinity, nitrate, nitrite, phosphates, total dissolved solids and pH.  
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3.7.2.1 VOCs Results in Bedrock Groundwater
VOCs were detected in 3 of the 5 groundwater samples collected in December 2000.  Only OW-
7R reported VOC concentrations above TOGS 1.1.1 standards.  The analytes detected above
TOGS 1.1.1 standards include 1,1,1-TCA; 1,1-DCA; 1,1-DCE; cis-1,2-DCE; 1,2-DCE (total);
methylene chloride; TCE, and vinyl chloride.  The results of detected VOCs in bedrock
groundwater samples are presented in Table 3-7A.

The 1996 FS identified 1,1,1-TCA; 1,1-DCA; 1,1-DCE; 1,2-DCA; 1,2-DCE (total); methylene
chloride; TCE; PCE, and vinyl chloride as chemicals of concern for VOC in bedrock
groundwater.  Results from the current investigation are within the same order of magnitude.
The analytical results for these VOCs are presented in Figure 3-6. 

3.7.2.2 Metal Results in Bedrock Groundwater
Metals analytes were detected in all 5 bedrock groundwater samples collected and all
groundwater samples reported concentrations above TOGS 1.1.1 standards for at least one
metal analyte.  The analytes detected above TOGS 1.1.1 standards include iron in all samples;
magnesium in OW-3R and OW-4R; manganese in OW-2R, OW-3R and OW-4R; and sodium in
OW-4R.  The results of detected metals in bedrock groundwater samples are presented in
Table 3-7A. 

As for the bedrock groundwater results, the concentrations of iron, manganese and sodium,
appear to be naturally elevated across the site. 

The 1996 FS identified aluminum, cobalt, lead, manganese, nickel and vanadium as chemicals
of concern for metals in bedrock groundwater.  None of these analytes were detected above
TOGS 1.1.1 standards in the current investigation, with the exception of manganese (as
discussed above).  

3.7.2.3 Wet Chemical Results in Bedrock Groundwater
The analytical results presented in this section include specific conductance, fluoride, DOC,
TOC, chloride, nitrate/nitrite, total phosphate, sulfates, alkalinity, total dissolved solids, pH,
COD, and bromide.    

An analytical summary of detected compounds is presented in Table 3-7B and complete results
are included in Appendix D.
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3.8 Drain-Line Tracer and Building Survey

A smoke test investigation was conducted at the site on January 30 and February 15, 2001.
During the investigation, smoke was injected at 6 different locations and underground lines were
video recorded to assess pipe conditions.  Larsen Engineering’s report detailing methodology
and conclusions is included in Appendix C.    

Two (2) below grade vaults were identified during the underground line survey.  The 2 vaults are
located in the northeastern portion of the facility, which according to the as-built sewer plan, are
within the Plating Room and the Buffing Room areas.  The vault in the plating room was
approximately 6 feet by 8 feet in length and was covered by rotting plywood, which prevented
safe assessment of the depth of the vault.  The vault in the Plating Room appeared to be laden
with an unknown liquid and no samples could be collected, because of safety concerns.  The
vault identified in the Buffing room is accessed via a manhole and is approximately 8 feet wide
by 16 feet in length and 6 feet in depth.  At the time of the investigation, the vault was filled with
an orangish-brown liquid that was sampled at the time of the survey (Buffing Vault).    The
sample was sent to Mitkem and analyzed for VOCs, metals and pH.  The analytical results are
presented in Tables 3-8A and 3-8B and report elevated concentrations of VOCs (1,1-DCE;
1,1,1-TCA; and toluene) and metals (antimony, cadmium, copper, iron, lead, nickel, selenium,
sodium, thallium and zinc) which were all detected above TOGS 1.1.1 Standards.  

A separator/sump of approximately 4 feet diameter was identified in the shipping/receiving room
near the loading docks.  Water and sediment was observed to a depth of 10 feet below grade.
A total of 4 pipes were observed to drain in the direction of the separator which drains into a
public sanitary sewer.  Approximately 10 to 12 feet of sediment had accumulated in the
separator/sump and the type of bottom (concrete or soil) of the separator could not be
determined.  Analytical results of the sediment collected in this separator (Sample-01) indicated
elevated levels of VOCs, suggesting that the separator may have been used as a dry well and
may have been a point of discharge for TCE in the overburden.

Several drain pipes and sewer lines were identified during the survey and their location on the
as-built plan was confirmed.   The lines connected to 2 of the 6 injection points were video
recorded.  The inspected pipes were generally described as severely corroded with potential of
minor cracking.  No evidence of severe pipe failure was noted for any of the lines that were
video recorded.  Video record of the other four injection points could not be performed due to
plugging of the pipes or due to the presence of excessive water in the lines.  

Many of the sanitary/storm sewer lines within the SOH facility were unable to be directly linked
to a dedicated public sanitary or storm sewer.  Therefore, no conclusive evidence was found as
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to whether these sewer lines exist within the building structure and are choked with sediments
or whether these sewer lines have been cut from their identified manhole drainage connection.
However, the smoke test confirmed that several sanitary sewer lines drain into a
separator/sump structure located in the shipping and receiving area of the facility.  The
separator/sump structure empties into a dedicated (public) sanitary sewer line via an 8-inch pipe
which was video recorded and described as severely corroded with minor cracking.

The complete Larsen Engineering report, which includes a map of underground drain and floor
trenches found at the facility is included in Appendix C.

3.9 Sub-Slab Investigation – Soil Gas Survey

Based on the 1996 RI and recent pre-design investigations performed in the years 2000-2001,
evidence of a secondary source under the SOH building slab created the need for additional
investigation at that area of the site.

To characterize the soil conditions under the SOH building slab, a total of 28 soil borings were
performed in a grid pattern within the building footprint on June 17 and June 18, 2002.  

Fifty (50) percent of the soil gas samples containing the highest PID readings were submitted
for lab analysis for VOCs.  Similarly, twenty-five (25) percent of the soil samples containing the
highest PID readings were submitted for lab analysis for VOCs. A summary of the drilling and
sampling program as well as a detailed summary of the findings are contained in the full report
as attached in Appendix H.

A brief summary of the report findings follows.

3.9.1 Sub-Slab Investigation Results
A total of thirteen (13) soil gas samples were selected for laboratory analysis based on field PID
readings. Based on the laboratory analysis, total VOC concentrations ranged from 24.2 to
2,143.4 (mg/m3) with the highest total VOC concentrations found in borings GP-1, GP-2 and
GP-2Q.

A total of seven (7) soil samples were selected for laboratory analysis based on field headspace
PID readings. Concentrations of 1,1-dichloroethene, 1,1,1-trichloroethane, and trichloroethene
were detected at concentrations exceeding the respective recommended soil cleanup objectives
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listed in Technical Administrative Guidance Memorandum Section 4046 (TAGM 4046) in the soil
samples submitted from borings GP-24, GP-26 and GP-28.

The Sub-Slab Investigation Report concludes that the highest soil gas and soil VOC
concentrations were detected in the samples proximate to the existing pit and sump/separator
located near the inside southwestern corners of the SOH building.

These findings support the findings of the subsurface soil investigation sampling program which
was performed for the 1996 RI as described in Section 3.3.1 of this Report. See Figure 4 of the
Sub-Slab Investigation Report found in Appendix H for total VOC concentrations within the
SOH building footprint and Figure 4-1 for the estimated extent of the VOC source area.
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4.0 PERMANGANATE INJECTION PILOT TEST 

4.1 Baseline Groundwater Sampling

Prior to the injection of permanganate, six groundwater samples were collected from injection
well IW-1, IPZ-1, IPZ-2, IPZ-3, OW-7R and OW-7S to establish pre-injection site conditions.
The results from these samples are the baseline for comparison of post-injection samples to
determine the viability and efficiency of the permanganate injection system.

TCE was the dominant VOC constituent detected in IW-1, IPZ-1, IPZ-2, and OW-7S with
concentrations ranging from 68,000 ug/L in OW-7S to 1,200,000 ug/L in IPZ-2.  Although TCE
was also detected in IPZ-3 and OW-7R, it was not the predominant VOC.  1,2-DCE and
methylene chloride were also detected in the groundwater samples at lower concentrations.  In
addition to chlorinated ethenes, chlorinated ethanes were also detected in OW-7R and IPZ-3
with 1,1,1-TCA concentrations ranging from 1,200 ug/L and 100,000 ug/L, respectively, and 1,1-
DCA concentrations ranging from 2,900 ug/L to 110,000 ug/L, respectively.

The high TCE concentration measured in IPZ-2 (1,200,000 ug/L) suggests a possible TCE
source area in close proximity to this well, potentially beneath the adjacent facility (Figure 4-1).
This concentration is approximately 10-times the soil TCE concentrations detected in soil boring
SB-3 located proximate to this area.  

Well IPZ-3 contained primarily 1,1-DCA (110,000 ug/L) and 1,1,1-TCA (100,000 ug/L).  Because
these compounds are not degradation products of TCE, this area more likely represents
contamination due to a separate source or migrations of a separate source material from a
different area of the site.  The results of the Sub-Slab Investigation performed in June 2002
support that this separate source is likely the existing pit located near the southwest building
corner.

The analytical results from the well couple (OW-7S and OW-7R) reported moderate
concentrations of TCE and DCE, which implies a downgradient proximity to a TCE source area
with corresponding ongoing naturally occurring bioremediation.  

Baseline oxidation reduction potential (ORP) measurements (Table 4-1), ranging from –236 to –
46 millivolts (mv), indicates the presence of natural reducing conditions throughout the pilot test
area.  Lower ORP values correlate with a reducing (anaerobic) environment.  Typically, these
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areas are characterized by high concentrations of VOC constituents and limited aerobic
microbial activity (Table 4-1).  

Naturally occurring soluble metals concentrations were variable across the pilot test area.  Only
iron and manganese were monitored during the pilot study and ranged in concentrations from
20 to 187 mg/L for iron and <1 to 7.5 mg/L for manganese.  The background COD values were
also variable, ranging from 0.35 to 2.9 mg/L.  Chloride concentrations observed prior to the
NaMnO4 injection varied only slightly, from 0.3 to 0.9 mg/L.

4.2 Sodium Permanganate Injection

During the week of July 17, 2000, 720 gallons of 40 percent sodium permanganate solution was
injected at the loading dock source area through wells IW-1, IPZ-2, and IPZ-3. Because of tight
geological conditions in the loading dock area, gravity injection was unsuccessful.  However,
under a minimum pressure injection system (3 to 5 pounds per square inch (psi)),
permanganate was successfully delivered to the subsurface at a rate of 0.5 gallons per minute.
Because of the high density of utility conduits in the injection area, some short-circuiting of the
permanganate was observed.  This was overcome, by using multi-well injection, instead of one
well for the total mass.

The VOC data obtained during the baseline sampling indicated VOC contamination
approximately 6 times greater than originally anticipated.  The amount of permanganate applied
during the pilot study (approximately 3,300 pounds) was therefore insufficient to meet the full
contaminant demand for the actual VOC mass encountered at the site.  The oxidant demand for
the actual contaminant levels would be more than 20,000 pounds of NaMnO4, Therefore, the
NaMnO4 mass loading during the pilot study was approximately 15 percent of the mass required
for full treatment based on the baseline TCE monitoring.  Because the loading rate is greater
than the amount of NaMnO4 injected, 100 percent removal was not expected.  Concentrations
however, even with this partial application, were measurably decreased within the vicinity of the
injection wells.  

Although TCE is the most prevalent VOC in the source area, the suite of contaminants
measured within the area varied in components and concentrations.  Permanganate does not
typically oxidize the more recalcitrant organics (such as the chlorinated ethanes) or methylene
chloride to a large degree.  While some co-oxidation may occur, more typically, concentrations
of these not readily oxidizable compounds remain unchanged or increase (by desorption from
soil).  Therefore, it is not unexpected that chlorinated ethane concentrations within the source
area would remain unchanged during the pilot test.
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4.3 Post-Injection Field and Groundwater Monitoring

To determine the efficiency and radius of influence of the permanganate injection system, field
measurements of color, pH, and oxygen reduction potential were collected periodically for
several weeks (Table 4-2).  These measurements were then complemented with additional
groundwater sampling and analysis.  The first round of post-injection groundwater samples was
collected on September 11 and 22, (approximately 8-weeks post-injection) from IPZ-2, TW-1,
TW-2, TW-3, TW-4, OW-7S and OW-7R.  Samples were analyzed for VOCs, COD, iron,
manganese, and chloride.  The second round of post-injection groundwater samples were
collected approximately 12 weeks post injection on October 20, 2000.  Collected groundwater
samples were analyzed for VOCs, COD, iron, manganese, and chloride.

4.3.1 Injection Wells (IW-1, IPZ-2 and IPZ-3):
During the September post-injection sampling, all 3 injection wells exhibited the characteristic
purple color (un-reacted permanganate) and increased groundwater ORP (> 600 mv) levels
associated with ongoing in situ treatment.  The increase in ORP values indicates the switch
from a reducing environment to a highly oxidizing one.  Generally, ORP levels in excess of 500
mV correspond to the presence of excess oxidizer, which can be visually detected by the purple
color.  

In all 3 of the injection wells, permanganate was still visibly detected in January 2001 with
elevated ORP values measured through December 2000.  These parameters indicate that
significant available and un-reacted permanganate mass persisted in the injection wells at least
through January 2001.  Therefore, it is likely that these wells continued to act as a source of
permanganate by mass diffusion into the formation.  

TCE concentrations in both IW-1 and IPZ-2 were reduced by approximately 100 percent during
the pilot study.  These decreased concentrations were maintained even 3 months after the initial
oxidant injection indicating the continued presence of un-reacted permanganate.  At this time, it
is impossible to determine if rebound or recontamination of these wells would occur since
significant permanganate mass remained in these wells at the time of the last sampling event.
Other contaminants that were present even in the presence of the oxidizer included methylene
chloride and 1,2-DCE.  Between 25 to 90 percent reduction of these contaminants was
achieved in these wells during the field study period (Table 4-3). 

TCE and 1,2-DCE concentrations in IPZ-3 were reduced by at least 46 percent and 32 percent,
respectively.  However, the methylene chloride and 1,1,1-TCA concentrations appeared to
increase during the pilot study.  In general, corresponding concentrations of the less oxidizable
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compounds, 1,1-DCA and 1,1,1-TCA in the injection wells increased somewhat versus the
concentrations detected prior to oxidant injection.  These changes are consistent with
observations at other pilot test sites where concentrations of these compounds are only slightly
impacted or appear to increase.  An increase in concentrations may occur as permanganate
destroys some of the soils adsorptive capacity, releasing previously sorbed contaminants into
the groundwater.  Also, as oxidation of the ethenes, which were initially one or more orders of
magnitude greater in concentration than the ethanes occurs, the laboratory results begin to
quantify concentrations of less prevalent compounds previously masked by the higher detection
limits resulting from large ethene concentrations.

Iron concentrations generally decreased, indicating a conversion (oxidation) to insoluble
(ferrous) iron in these wells.  This decrease was anticipated under the predicted oxidizing
conditions.  The corresponding manganese concentrations increased in these wells.  This was
also expected as the excess permanganate contained elemental manganese as detected by
this analysis.

COD and chloride concentrations could not be effectively measured in these wells because the
presence of color adversely impacts colorimetric techniques.

4.3.2 Proximate Wells (IPZ-1 and OW-7):
Well IPZ-1, located equidistant from the injection area (IW-1) and the catch basin, does not
appear to have been impacted by the permanganate additions. While IPZ-1 is only 14 feet from
IW-1 and about 20 feet from the center of the injection area, no permanganate was visually
detected in this well, nor was the groundwater ORP measured at this well significantly altered by
the injection of permanganate at the site. 

ORP values measured in IPZ-1 following the permanganate injection increased slightly.
However, the ORP measurements never attained values that indicate the presence of
permanganate, though it is possible that the continued increase in ORP indicates that
permanganate is migrating into the region surrounding IPZ-1.  Because the total liquid volume
added to IW-1 was 1,500 gallons, which is insufficient to displace sufficient groundwater to
cause a significant impact, this increase in ORP value is more likely resultant from natural
fluctuations and limited groundwater movement.

The groundwater contaminant concentrations measured in well IPZ-1 increased from the
baseline sampling values.  This well does not appear to have been within the permanganate
treatment zone, as evidenced by VOC concentrations and ORP measurements during the pilot
study.  While concentrations of some compounds decreased slightly (1,2-DCE, 1,1-DCA, and
1,1,1-TCA), permanganate is not known to effectively treat aliphatic compounds and the
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reduction in 1,1-DCA and 1,1,1-TCA concentrations is likely not due to oxidation. The TCE and
methylene chloride concentrations in this well increased over the time period during which
groundwater sampling was conducted.  The increase in concentrations of these constituents
and decrease in 1,2-DCE, 1,1-DCA, and 1,1,1-TCA concentrations may indicate that desorption
of contaminants due to oxidation of TOC increased groundwater contaminant concentrations in
the vicinity of IPZ-1.

Treatment of TCE and 1,2-DCE appears to have occurred in well OW-7S (located 43 feet
southwest and co-gradient of the injection zone) during the pilot study.  However, no direct
permanganate impact was observed at this well via either visual detection of permanganate or
elevated groundwater ORP values. Also, the decrease in concentrations in both the overburden
and bedrock intervals is generally greater than 30 percent, which is more than would normally
be attributed to natural fluctuations in groundwater concentrations or laboratory methodology
inconsistencies.  Therefore, the decrease in contaminant mass in this well is likely a result of
lower concentrations upgradient passing through this well and a slight preferential component of
groundwater flow toward the southwest resulting from the apparent groundwater depression
caused by the basement sumps in the Ruby Gordon facility.  Further, it is likely that groundwater
of lower contaminant concentrations migrated into the region surrounding the OW-7 couplet as
part of this preferential flow pattern in this portion of the site.

Both of these wells show that the natural hydraulic gradient towards the northwest may not be
substantial enough to overcome the hydraulic reversal caused by the Ruby Gordon sump
pumps.  The hydraulics of the Ruby Gordon sump pumps will have to be considered in the final
permanganate injection scheme design.

4.3.3 Temporary Wells (TW-1, TW-2, TW-3, and TW-4)
Well TW-1 (located 8 feet northwest of IW-1) indicated slightly elevated ORP values after the
permanganate injection.  However, these ORP values are well below the average ORP
threshold values where significant permanganate concentrations are observed.  Elevated ORP
values may act as a precursor or an indicator of permanganate presence and begin to increase
prior to actual permanganate appearance.  Based on the lack of visually observed
permanganate, it is estimated that significant permanganate mass did not reach TW-1.  

Contaminant concentrations in TW-1 did show a decrease in TCE, methylene chloride, and 1,1-
DCA.  Contaminant concentrations, as summarized in Table 4-3, show a successive decline in
both the September and October sampling events.  Given the natural groundwater direction is in
the northwest direction, it is more likely that treated water moved along a preferential path from
the injection zone into the vicinity of TW-1, than actual contaminant oxidation occurred in the
well.
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Measurement of TW-2 (located 12 feet southwest of injection well IPZ-3) indicated a strong
ORP increase and visual detection of low levels of permanganate in the well in September
2000, clearly indicating that this location was within the treatment zone.  However, the
contaminant concentrations measured in this well increased from the September to October
sampling events (see Table 4-3).  It is possible that more highly contaminated water from an
upgradient source zone as identified in the June 2002 Sub-Slab Investigation (Appendix H)
may have migrated into the vicinity of TW-2 as permanganate concentrations declined.  Also, if
permanganate/TOC kinetics are more rapid than the permanganate /contaminant kinetics, it is
possible that permanganate mass delivered to the area was sufficient only to effectively oxidize
TOC in the region, reducing the adsorptive capabilities of the soil and increasing contaminant
groundwater concentrations in the vicinity of TW-2.

Based on ORP values measured in TW-3 and TW-4, these wells were not impacted by the
injection of permanganate at the site.  These wells were located approximately 24 and 32 feet
from IPZ-3, respectively.  There was no evidence of permanganate presence in wells TW-3 and
TW-4 and no contaminant treatment appears to have occurred in the vicinity of these wells.  In
fact, concentrations of virtually all contaminants detected in both wells appear to have increased
during the pilot study (see Table 4-3).  It is possible that groundwater from a second
contaminant source zone (likely located within the facility) is migrating into the region
surrounding these wells as further supported by the Sub-Slab Investigation.

4.4 Estimation of Radius of Influence

Based on the previous discussion and field observations during the injection phase, it is
estimated that a maximum radius of influence (ROI) of 10 feet (color) to 20 feet (ORP) was
achieved at this site. The site conditions, predominantly the compact till, limits the ROI for
subsurface oxidant delivery.  It is possible that alternative oxidant delivery techniques
(increased pressure in shorter screened intervals, formational fracture emplacement, slow
percolation through shallow trench/leaching field or use of multiple points of addition) or
alteration of the injection parameters (pulsed additions, post addition water flush or air sparge)
will alleviate the physical difficulties inherent in this formation.
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4.5 Estimation of Volatile Organic Compound Removal

As discussed previously, contaminant reduction was extensive in the vicinity of IW-1 and IPZ-2,
where TCE concentrations were decreased by two to three orders of magnitude.  Based upon
the analytical results alone, the observed contaminant concentration reduction may not be
attributed to oxidation alone.  For illustration, if all the concentration reductions were due to
oxidation, the injection wells had an effective radius of influence of 10 feet with an estimated
porosity of 0.30, treatment near IPZ-2, where TCE was reduced from 1,200,000 µg/L to 1,200
µg/L, may have resulted in the removal of about 70 pounds of TCE.  The introduction of
permanganate at IPZ-2 may have also resulted in the destruction of 35 pounds of methylene
chloride.  Although initial concentrations measured in IW-1 were lower than IPZ-2, significant
mass destruction occurred at this well, also.  The treatment at IW-1 may have resulted in the
destruction of an additional 27 pounds TCE and 9 pounds methylene chloride.  These
calculations imply total mass removals of approximately 140 pounds of contaminant mass and
the continued presence of un-reacted permanganate.

4.6 Permanganate Injection Viability

Field data from the pilot test has shown that permanganate is an effective oxidant for
chlorinated ethenes and methylene chloride.  Decreases of 99% TCE and >80% Methylene
Chloride were observed in and proximate to the permanganate addition wells.  Based upon the
performance, permanganate injection (Perm-Ox) has been shown to be viable and effective.

The site conditions, notably the relatively tight formation, inhibit the development of large radii of
influence. ROI of 10 feet (color) to 20 feet (ORP) were observed in the field pilot area, however
the area is also a function of the site conditions and existing/historical utilities.  Future
applications should be conducted in multiple addition points with a close well spacing (25’ on
center) under relatively low injection pressures or infiltration galleries/leaching fields.  Any
further injections must also remain sensitive to short circuiting and preferential flow pathways
during addition.  The injection flow rate was not observed to change over time in the injection
wells.  This would indicate that formational plugging / clogging was not observed to a large
extent.

Colorimetric measurements of un-reacted permanganate have been used as a tracer of
permanganate travel.  In general, significant VOC decreases were observed and sustained in
the wells containing permanganate.  Wells downgradient of the injection area showed more
variable results – VOC concentrations decreased in some wells (OW-7) and increased in others
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(IPZ-2).  This diversity of impact shows that permanganate is an effective oxidizer, but highlights
that the source and target areas must be known and adequately dosed for proper treatment.
The concentrations present, particularly at IPZ-2, imply there may be additional, potentially
upgradient source areas.  The results of the Sub-Slab Investigation support this statement. 

No major impacts to metals, chloride and COD were noted outside the pilot area, indicating
impacts were confined to the pilot area.  Thus, oxidant impacts are confined to the treatment
area.

The groundwater contour map also shows that the off-site sump (in the Ruby Gordon’s Furniture
building) appears to exhibit some hydraulic impact to the extent of onsite contamination.  Any
future remedial scenarios must also remain cognizant of this potential impact and the potential
for off-site migration caused by the existing sump pumps.
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5.0 FOCUSED FEASIBILITY STUDY

In 1996, GZA GeoEnvironmental issued the Feasibility Study Report, Stuart-Olver-Holtz Site for
the NYSDEC.  The purpose of the FS was to identify and evaluate technologies to remediate
areas of contamination at the SOH site identified in the Remedial Investigation Report.  Based
on the recommendations in the FS, a Record of Decision was issued by the NYSDEC in March
1997.  The selected remedy was Site Wide Alternative 5 (SWA-5).  SWA-5 consists of
excavation or isolation of contaminated surface soils, a short-term source area extraction
system, a downgradient contaminated overburden groundwater collection trench system, and
passive pretreatment of contaminated groundwater by a zero valence iron wall with eventual
discharge to the local POTW.

In September 1999, IT Corporation submitted the Remedial Design Work Plan for SOH, based
on the 1997 ROD.  This work plan recommended further investigation to better define the
source area and to determine if any unknown sources existed.  In conjunction with the Pre-
Design Investigation Sampling and Analysis Work Plan (February 2000), IT Corporation
submitted an Addendum to the Remedial Design Work Plan (March 2000) for a field pilot test of
permanganate injection (Perm-Ox).  Perm-Ox is an in situ chemical oxidation technology that is
used to destroy chlorinated ethenes in groundwater.  The purpose of the pilot test was to
determine if permanganate injection would be a more viable and cost effective remedial
alternative for the overburden groundwater than the current alternative in the ROD.

5.1 Summary of 1996 FS and Record of Decision

5.1.1 FS Remedial Action Objectives (RAOs)
As part of the FS process, overall remedial action objectives (RAOs) for the chemicals of
potential concern (Appendix G) were established to meet the SCGs and be protective of
human health and the environment.  The objectives set forth in the FS and recorded in the
Record of Decision are:

• Eliminate to the extent practicable the potential for direct human or animal contact with
site contaminants.

• Reduce, control, or eliminate to the extent practicable the contamination present within
the soils and water on site.

• Reduce, control, or eliminate to the extent practicable any further migration of
contaminated groundwater from the site, including migration into the Ruby Gordon
basement sumps.
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• Provide, to the extent practicable, for attainment of groundwater SCGs in the area
affected by the site.

5.1.2 Site Wide Remedial Alternatives
The FS evaluated 5 site wide alternatives that would be protective of human health and the
environment, including a “No Further Action” alternative.  The 5 site wide alternatives were:

• SWA-1 – No Action

• SWA-2 – Deep Perimeter Collection Trench/Soil and Sediment Off-site Disposal

• SWA-3 – Perimeter Extraction Wells/Off-site Soil and Sediment Disposal

• SWA-4 – Perimeter Extraction Wells/Off-site Soil and Sediment Disposal

• SWA-5 – Vertical Barrier Wall and Shallow Collection Trench with Zero Valence Iron
Pretreatment/Off-Site Soil and Sediment Disposal

The FS evaluated all the site wide alternatives based on the 7 CERCLA screening criteria:

1. Overall Protection of Human Health and Environment
2. Compliance with SCGs, Applicable or Relevant and Appropriate Requirements (ARARs),

and Other Regulations
3. Short Term Effectiveness
4. Long Term Effectiveness
5. Reduction in Mobility, Toxicity, and Volume
6. Implementability
7. Cost

The analysis of the alternatives was two tiered.  The first tier was comprised of these threshold
factors:

1. Overall protection of human health and the environment, and 
2. compliance with SCGs, ARARs, and other regulations.  

Any selected remedy must result in overall protection of human health and the environment.
Similarly, the SCGs, ARARs, and other regulations must be complied with unless there is an
overriding reason why compliance is not possible.  
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The second tier was comprised of the remaining five criteria.  The relative merits and problems
associated with meeting these factors must be balanced in arriving at a remedy.  The issues
associated with each of these seven criteria are briefly described below.

Overall Protection of Human Health and Environment
This criterion addresses the overall protection of human health and the environment by
eliminating, reducing or controlling site risks posed through the exposure pathways. This
includes direct contact risks and potential risks to ecosystems.

Compliance with SCGs, ARARs, and Other Regulations 
This criterion evaluates how each alternative complied with SCGs, ARARs and other
regulations. The three regulatory categories of ARARs that were considered are chemical-
specific, location-specific, and action-specific. 

Short-Term Effectiveness
The effectiveness of an alternative in protecting human health and the environment during
construction and implementation was assessed under short-term effectiveness. This criterion
encompassed concerns about short-term impacts, as well as the length of time required to
implement the alternative. Factors such as cross media impacts, the need to transport
contaminated material through populated areas, current site operations, and the potential
disruption of neighborhoods and ecosystems were evaluated.

This criterion assumes a site-specific health and safety plan would be prepared, which would
include the potential impacts of a particular remediation activity and contain measures to
address the concerns. 

Long-Term Effectiveness
The evaluation of an alternative under this criterion addressed the results of the  remedial action
in terms of residual risk and residual mass of contaminants of potential concern (COPCs)
remaining in a particular media after the completion of the alternative. 

Reduction in Mobility, Toxicity, and Volume
This criterion involved the following factors:

• Degree of expected reduction of contamination, in terms of concentration and mass

• The mass of contamination or the volume of impacted media that will be destroyed or
contained.

This criterion also addressed changes in risks due to changes in mobility, toxicity, and volume.
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Implementability
This criterion involved an evaluation of the alternative with respect to performance, reliability,
and implementability. Performance and reliability focused on the ability of the alternative to meet
specific goals or clean-up levels. The implementability of an alternative addresses construction
and operation in regards to the site-specific conditions. Implementability also addresses the
difficulties or impediments of implementing a particular treatment option at the site. It also
focused on the time and effort required obtaining appropriate approvals, and addressing other
administrative issues. 

Cost
Capital and operation and maintenance costs were evaluated for each alternative under each
scenario. These costs include design and construction costs, remedial action operating costs,
other capital and short-term costs, costs associated with maintenance, and costs of
performance evaluations, including monitoring. All costs were also calculated on a present
worth basis. 

Based on the detailed analysis using the CERCLA criteria described above, SWA–5 was
recommended as the site wide alternative.  SWA–5 includes the following components:

Overburden Groundwater Actions

• Install a shallow groundwater collection trench system along the north and west property
boundaries to collect and contain contaminated groundwater.

• Install and operate a passive groundwater pretreatment system.  The system consists of
subsurface vaults containing zero valence iron filings for destruction of chlorinated
VOCs.  Pretreated groundwater would discharge by gravity to the sanitary sewer for final
treatment at the local POTW.

• Install and operate groundwater extraction wells for removal of contaminants from the
source area near OW-7S.

• Install and operate a shallow groundwater collection trench adjacent to the Ruby Gordon
basement to intercept contaminated groundwater.

• Conduct periodic, long-term overburden groundwater monitoring.

• Construct drainage improvements between Ruby Gordon and the SOH site to minimize
groundwater recharge to the Ruby Gordon basement.

• Recommend deed restrictions on future use(s) of the site.

Bedrock Groundwater Actions

• Implement institutional controls to reduce the potential for exposure to contaminated
bedrock groundwater.  This would include: disconnecting the SOH interior bedrock
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wells, conducting bedrock groundwater monitoring, and recommending deed
restrictions of future use(s) of groundwater.

Surface Soil Action:

• Excavate the on-site and off-site surface soils that are above SCGs and transport off-
site for disposal.  Regrade and restore the excavated areas.  Isolation of on-site
contaminated surface soils could be done in-lieu of excavation.

SOH Sump Contents:

• Clean and dispose accumulated sediments from site sumps, catch basins, and
related piping at one off-site facility.

• Evaluate, upgrade or decommission drainage lines or connections.

The ROD was issued for this remedy.

5.2 Re-Evaluation of Overburden Groundwater Actions

During the preparation of the remedial design workplan, it was determined that additional site
characterization of the source area located near the Metalade loading dock was needed.  It was
also determined that the reactive barrier wall and shallow collection trench may not be the most
viable and cost effective remedy for remedial treatment of the chlorinated VOCs in overburden
groundwater at the SOH site.  In March 2000, IT Corporation proposed a pilot test for an in situ
chemical oxidation system using Perm-OX.  The pilot test was performed in June and July 2000.
The pilot test concluded that permanganate injection is a feasible remedy for chlorinated
ethenes in the overburden groundwater.  When permanganate injection is combined with an
augmented in situ bioremediation system, it provides a feasible and cost-effective remedial
alternative for all chlorinated VOCs in the overburden groundwater.  The permanganate
injection destroys the chlorinated ethenes, while the bioremediation system destroys the
chlorinated ethanes.  The following sections provide a re-evaluation and comparative analysis of
the SWA-5 overburden groundwater remedy with the permanganate injection/bioremediation
system.  
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5.2.1 Shallow Groundwater Collection Trenches/Extraction Wells and Passive
Treatment Prior to POTW Discharge
The system of shallow groundwater collection trenches and extraction wells with passive
groundwater pretreatment prior to discharge to the local POTW included in the ROD remedy
was reevaluated based upon new data obtained during the pre-design investigation.  The
remedy presented in the ROD was evaluated based upon treating shallow groundwater
containing TCE up to 140,000 µg/L, 1,1,1-TCA up to 24,000 µg/L, 1,1-DCA up to 10,000 µg/L,
and vinyl chloride up to 11,000 µg/L.  The passive groundwater pretreatment system would
consist of vaults filled with zero valence iron.  The zero valence iron would reduce the ethenes,
and to a lesser degree the ethanes.  Primary treatment of the ethanes would be accomplished
at the local POTW.  The data collected as part of the pre-design investigation shows TCE up to
1,200,000 µg/L, 1,1,1-TCA up to 290,000 µg/L, 1,1-DCA up to 120,000 µg/L, vinyl chloride up to
380 µg/L, and methylene chloride up to 680,000 µg/L.  Methylene chloride was not detected in
overburden groundwater above the SCGs during the 1996 FS.  Because of the significantly
higher VOC concentrations detected in the overburden groundwater during the pre-design
investigation, the containment and pretreatment system was reevaluated.

The concept of passive groundwater treatment using zero valence iron involves the construction
of a permeable wall containing iron filings across the path of a contaminant plume.  An
alternative method of construction incorporates either a funnel and gate arrangement or
collection trenches and vaults (or sumps) filled with iron.  The contaminant plume is either
funneled toward the gate filled with iron or actively pumped from the collection trench/sump
system.  Under reducing conditions, zero valence iron degrades dissolved organic compounds
to non-toxic products such as ethene, ethane, and chloride.  The process is abiotic reductive
dehalogenation, with the iron serving to lower the solution redox potential and as the electron
donor in the reaction.  The process is capable of degrading TCE, cis 1,2-DCE, 1,1,1-TCA, 1,1-
DCA, and vinyl chloride; however, the process has no effect on methylene chloride.

IT Corporation contacted Environmental Technologies Inc. (ETI) regarding the application of a
passive treatment system using zero valence iron at the Site.  ETI has been granted exclusive
rights for commercialization of this technology by the patent holder, the University of Waterloo.
ETI also provided consultation to GZA GeoEnvironmental during their preparation of the 1996
FS regarding the use of zero valence iron for passive groundwater treatment.  Based upon ETI’s
review of the new site data, they would not recommend the use of vaults or sumps for passive
groundwater treatment.  Because of residence time limitations associated with a trench and
vault system and due to the higher concentrations of VOCs in the overburden groundwater, ETI
recommends using a continuous permeable wall approximately 500 feet long by 20 feet deep
containing zero valence iron granules.  ETI estimated that a residence time of about 3 days
would be required to reduce the VOC levels present in the shallow groundwater to less that 2.2
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mg/L total VOCs.  Based on an estimated groundwater flow velocity of 1.1 feet/day, a reactive
barrier wall approximately 3.3 feet thick would provide the required residence time.  

ETI recognizes the systems limitation with respect to methylene chloride treatment and
recommends combining the reactive barrier wall with other in situ treatment technologies;
however, these other treatment technologies are not identified in this report.  Another limitation
of the reactive barrier wall system is that it does not directly address the source area at the Site.
This limitation directly impacts the estimated time of implementation of this technology.
Essentially, the rate limiting process would be the transport of VOCs from the source area to the
permeable wall.

Prior to final design of a reactive barrier wall system, ETI recommends performing a laboratory
column test using groundwater obtained from the site to predict system performance and to
obtain final design parameters.  Also during final design, a treatment technology for methylene
chloride would have to be identified and evaluated.

The estimated minimum time of implementation of this alternative is 40 years.  The estimated
present worth cost is $4,439,914.  A detailed breakdown of this estimate is included in
Appendix A.

5.2.2 Development of New Site Wide Alternative
In March 2000, IT Corporation proposed an in-situ chemical oxidation system using Perm-Ox as
a potential alternative remedy for the chlorinated ethenes at the Site.  A pilot test was performed
in June and July 2000 that proved this technology to be a viable remedy for the chlorinated
ethenes in the overburden groundwater.  When the permanganate injection system is combined
with an augmented in-situ bioremediation system, the combination provides a viable and cost-
effective alternative for chlorinated VOCs (both ethenes and ethanes) in the overburden
groundwater.  The permanganate injection system destroys the chlorinated ethenes, while the
bioremediation system destroys the chlorinated ethanes.

5.2.2.1 Permanganate Injection
Permanganate injection uses the permanganate ion to oxidize organic contaminants in the
subsurface to non-toxic compounds.  Permanganate, delivered either as potassium (KMnO4) or
sodium (NaMnO4) salts, is a common oxidant widely used in the water treatment industry to
remove and precipitate dissolved metals and in the sewage treatment industry to treat hydrogen
sulfide odors.  Permanganate ions will react with and oxidize a wide range of common organic
compounds, relatively quickly and completely.  In particular, permanganate ions react rapidly
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with the non-conjugated (i.e., nonaromatic) double bonds in chlorinated ethenes such as TCE,
PCE, DCE isomers, and vinyl chloride.   

Research at the University of Waterloo has demonstrated that injection of permanganate
solutions into soils contaminated with chlorinated ethenes results in substantial in situ
destruction of the VOCs.  IT Corporation has completed numerous successful field trials of
permanganate with the percent reduction of chlorinated ethenes ranging from greater than 60-
percent to greater than 99 percent under both pilot and full scale addition scenarios.  

Permanganate oxidizes the chlorinated ethenes to CO2 and chloride ions.  The balanced
chemical equation for potassium permanganate (KMnO4) oxidation of TCE (for example) is:

TCE: 2KMnO4 + C2HCl3 ---> 2CO2 + 2MnO2 + 2K+ + 3Cl- + H+

Sodium permanganate (NaMnO4) may also be used and has the advantage of being available
as a 40 percent liquid solution.  NaMnO4 oxidation of TCE follows the same reaction pathways
as KMnO4, except that the reaction forms Na+ ions rather than the K+ ions: 

TCE: 2NaMnO4 + C2HCl3 ---> 2CO2 + 2MnO2 + 2Na+ + 3Cl- + H+

A disadvantage of using sodium permanganate is its higher cost.  

The effectiveness of in situ oxidation treatment depends on the following three factors:

• The kinetics of the reaction between the permanganate and the contaminant
compounds.

• The contact between the oxidant and the contaminants.

• Competitive reactions of permanganate with other reduced/oxidizable species.

If the contaminant being targeted for in situ chemical oxidation is reactive (i.e., chlorinated
ethenes), and sufficient oxidant has been added to overcome the demand from other reduced
species, the limiting factor of successful in situ oxidation is the transport of the oxidant to the
areas where contaminants are present, not the reaction between the permanganate and the
contaminants.  The oxidation of contaminants by permanganate is an essentially instantaneous
reaction.  If the permanganate contacts the contaminant, it will react.  Significant oxidation can
be observed in as little as a few hours after addition.  By contrast, travel times for the
permanganate to migrate away from the injecting point may be on the order of a day to weeks,
depending on the rate of groundwater flow.
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The primary limitation to permanganate treatment is the ability to apply the permanganate in situ
and to maintain efficient contact between the permanganate and the contaminants.  Low
permeability soils and highly heterogeneous soils may present a challenge to applying
permanganate at a target location.

Based on the field data gathered during the pilot test, permanganate injection has been shown
to be a viable and effective technology for the treatment of chlorinated ethenes (see Table 4-3).
After finalizing the delineation of the source area, permanganate solution would be mixed on-
site and injected in shallow injection wells, screened 14 to 24 feet below ground surface, to treat
the overburden groundwater and saturated zone.  Twenty-five (25) shallow wells would be
installed along the western, northern, and portions of the southern property boundaries
approximately 50 feet inside the property boundary.  These boundary wells will be installed on
25-foot centers.  This distance will allow all permanganate to react with contaminants prior to
leaving the confines of the property.  An additional 34 wells would be installed within the plume
mass to destroy the migrating plume.  To treat the source area, there are two options: 

1. A total of twenty-one (21) wells would be installed within the delineated source area(s)
at depths determined during the final design/installation (10 outside the building and
11 under the building slab);

or
2. An infiltration gallery would be installed within the delineated source area.  

It is anticipated that only one injection of permanganate will be necessary.  The time of
implementation is estimated to be one-year, due to limited injecting rates and radius of influence
anticipated.  Figure 5-1 shows the location of the proposed injection wells which has been
revised based on the results of the June 2002 Sub-Slab Investigation.

5.2.2.2 Augmented Bioremediation
Although the permanganate injection system described above will not provide destruction of the
more recalcitrant compounds that are present in the source area, most notably 1,1,1-TCA and
1,1-DCA, it will reduce the total chlorinated concentrations to a concentration amenable to
biodegradation.  Therefore, anaerobic biodegradation of the chlorinated ethanes and any
residual chlorinated ethenes can be induced and accelerated through the addition of a carbon
amendment.

The addition of a carbon amendment such as molasses, sodium lactate or glucose into an
aquifer supplies a readily biodegradable source of carbon that can induce anaerobic conditions
by depleting the oxygen, and thus enhancing and supporting the anaerobic biodegradation of
chlorinated ethanes and ethenes.  The proposed permanganate injection will reduce the
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available carbon sources and produce aerobic oxidizing conditions within the aquifer.  The
addition of molasses or some other carbon amendment will revert the aquifer to anaerobic
conditions and serve to enhance natural attenuation of the residual VOCs.  The following
subsections discuss reductive dechlorination and the application of an augmented
bioremediation technology. 

Reductive Dechlorination
The primary mechanism for mass reduction of chlorinated ethenes and ethanes during natural
attenuation is anaerobic biodegradation by a process called reductive dechlorination.  During
reductive dechlorination, chlorine atoms are sequentially removed and replaced by hydrogen
atoms.  This process results in the formation of a series of lesser-chlorinated daughter products
with the release of inorganic chloride.  For example, PCE is dechlorinated to sequentially form
TCE, cis-1,2-dichloroethene with some trans-1,2-DCE, vinyl chloride, chloroethane, ethene and
ethane.  The primary biological daughter product of 1,1,1- TCA is 1,1-DCA, which is further
reductively dechlorinated to chloroethane and then ethane.  A few of the intermediate products
of reductive dechlorination, including vinyl chloride and chloroethane, can be further degraded
either anaerobically or aerobically.  Chloroethane also abiotically degrades to ethanol.  The
ultimate end products are carbon dioxide, methane, water and inorganic chloride.

In the process of reductive dechlorination, the chlorinated compounds serve as electron
acceptors, similar to the role oxygen plays in aerobic degradation.  Since the majority of
chlorinated compounds cannot be used as sole sources of carbon, other sources of carbon
must be present in the subsurface to serve as carbon sources and electron donors to support
reductive dechlorination.  Such sources of carbon can be either naturally occurring (e.g. humic
matter), or other organic contaminants or amendments (e.g. sugars, alcohols, ketones, butane
or petroleum products).  Another important environmental factor controlling the occurrence of
reductive dechlorination is the presence of other chemicals that can be used as electron
acceptors under anaerobic conditions (e.g. nitrate, sulfate, iron and manganese).  High
concentrations of these other electron acceptors are considered detrimental since high
concentrations can inhibit reductive dechlorination due to competition.

Carbon Source
Prior to the design of a full scale augmented bioremediation system, a bio-optimization study will
be performed to confirm the best carbon source for augmentation at the SOH site.  For the
purpose of this discussion and for development of cost estimates, molasses was chosen as the
carbon source.

Molasses is a by-product of the sucrose production process.  Molasses is a dark viscous liquid
with a composition that varies depending on the source and grade.  Molasses contains about 20
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percent water and 30 to 60 percent sucrose, with the remaining percentage made up of other
sugars, carbohydrates, and minerals. 

A number of different organic compounds or mixtures have been tested as carbon sources to
stimulate anaerobic reductive dechlorination.  Other sources include organic acids such as
benzoic acid, lactic acid, acetic acid, sugars (glucose, corn syrup, molasses), and oils (e.g.
soybean oil) for in situ applications.  Manure and other agricultural by-products have historically
been used for above ground applications.  All of these compounds or sources are readily
biodegradable under aerobic and anaerobic conditions, available at low cost, and are easily
obtained.  Anaerobic biodegradation of these carbon sources yields hydrogen, which is the
electron donor in the dechlorination reaction.

The use of molasses as the carbon source has the following advantages:

• The complex sugar mixture degrades to a mixture of organic acids and other organics
that can be utilized by the naturally occurring microorganisms as the conditions shift
from aerobic to anaerobic a condition created by the permanganate treatment

• Unlike lactic acid or other simple compounds, molasses also provides nitrogen and
phosphorous, major nutrients required for biological degradation. These nutrients are
only present in trace amounts at some monitoring well locations. Molasses also contains
trace amounts of other microbial nutrients such as iron, calcium, and B vitamins

• Molasses contains sulfur, which has been reported to further enhance anaerobic
processes.  Sulfur also enhances the removal of metals (e.g., hexavalent chromium)
from groundwater.

Previous Applications of Molasses Addition Technology
Molasses addition has been successfully employed at a number of sites impacted with
chlorinated solvents and metals:

• Avco Lycoming Superfund site in Williamsport, Pennsylvania - molasses addition
resulted in a 90 percent reduction in TCE concentrations, along with the concentrations
of TCE, DCE and hexavalent chromium achieving cleanup goals at a number of
monitoring wells within 18 months;

• Abandoned metal plating site in Emeryville California - within 18 months of initiating
molasses addition, TCE concentrations were reduced from about 10,000 micrograms
per liter (µg/L) to less than 20 µg/L and hexavalent chromium concentrations have been
reduced by approximately 99 percent;

• Four demonstration projects at Department of Defense (DoD) facilities - Hanscom Air
Force Base in Bedford, MA; Badger Army Ammunition Plant in Baraboo, Wisconsin;
Treasure Island Naval Station in San Francisco, CA; and Vandenberg Air Force Base in
Lompoc, CA; and, 



Pre-Design Investigation Summary/Focused Feasibility Study Report 50
Stuart-Olver-Holtz, Henrietta, New York November 27, 2002

m:193reps/DEC/SOH Final FS_112702

• Joliet Army Ammunition Plant in Joliet, Illinois - successful treatment of explosives
wastes in an aboveground slurry reaction.  

Applicability of Molasses Addition Technology 
While chemical oxidation may provide further oxidation of residual ethenes in select locations,
these locations are anticipated to contain predominantly chlorinated ethanes (e.g., 1,1,1-TCA
and 1,1-DCA), which will be unaffected by further permanganate treatment.  A review of
available technologies has indicated that enhanced bioremediation by anaerobic reductive
dechlorination is the best available option for treating 1,1-DCA.  Data from the site indicates that
natural attenuation through reductive dechlorination has been occurring at the site as evidenced
by the presence of daughter products.  Molasses addition will consume any residual
permanganate within the application area (if present), generate anaerobic conditions conducive
to the use of 1,1-DCA and other VOCs as electron acceptors, and provide suitable electron
donors and carbon sources to support reductive dechlorination.

Implementation of the Molasses Addition
Based on a review of the RI data and pre-design investigation data, several areas of the site will
benefit from molasses addition.  The proposed treatment schematic focuses on the source area
located near the former Metalade loading dock and under the building slab near the sump and
pit.  Eight wells, used during the permanganate injection will be used for the injection of
molasses, with an additional 5 to 10 wells within the plume, if necessary, to treat hot spots of
chlorinated ethanes.  Annual injections of molasses are anticipated to last for 8-years. To
monitor the degradation and assess future molasses additions, semi-annual monitoring will be
conducted.

Prior to the design of a full scale augmented bioremediation system, it is recommended that a
bio-optimization study be performed to confirm that molasses is the best carbon source for
augmentation.

Stoichiometric Requirement
To drive anaerobic reductive dechlorination, sufficient molasses must be added to deplete
permanganate and oxygen and provide at least a 25- to 100-fold excess of carbon from
molasses over carbon from VOCs.

The stoichiometric requirement for biological depletion of oxygen using a sucrose, glucose, and
fructose as the sugar source is determined according to the following reactions:
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C12H22O11 + 12 O2     ->      12 CO2 +  11 H2OSucrose:

[342.30] : [12*32] = 0.89 lbs sucrose per lb O2

C6H12O6  + 6 O2
  ->  6 CO2  +  6 H2OGlucose:

[180.16] : [6*32] = 0.94 lbs glucose per lb O2

C6H12O6  + 6 O2
  ->  6 CO2  +  6 H2OFructose:

[180.16] : [6*32] = 0.94 lbs fructose per lb O2

Water saturated with oxygen contains approximately 8 mg/L of oxygen; therefore, the addition of
approximately 8 mg/L of molasses will be required in order to obtain a weight ratio of
approximately one-to-one. 

The highest total VOC concentration among the wells selected for molasses addition is 110
mg/L.  Therefore, an estimated 2,750 mg/L to 11,000 mg/L total sugar concentration (a 25- to
100- fold over the total VOC concentration) will be required to support reductive dechlorination
of the dissolved mass.  Subsequent additions will be required to treat the adsorbed mass.
Therefore, the demand for sugar based on oxygen and permanganate will be small compared to
the demand needed to support anaerobic reductive dechlorination.  It is estimated that
approximately 100 lbs of molasses will be required once per well to achieve a concentration of
500 to 1,000 mg/L at each injection point.

5.2.2.3 Ruby Gordon Interim Remedial Measures
Several passive remedial measures were analyzed by the IT Corporation to address the
migration of onsite VOC’s toward the basement sumps of the adjacent Ruby Gordon Furniture
building.  Subsequently, a letter dated May 7, 2002, was prepared for NYSDEC by IT
summarizing and comparing four (4) Remedial Alternatives and their associated costs
(Appendix I).

This letter also includes the analytical laboratory testing results of sampling from the Ruby
Gordon sumps for the period of January 10, 2000 to September 26, 2000.

In summary, this letter identifies Alternative 3 (Bioaugmentation Wall) as the most cost effective
IRM.  This alternative can also be readily incorporated into the final overall Remedial design for
this site.  Refer to Appendix I for further details.
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5.2.2.4 Remediation Phase Monitoring
During the implementation of the permanganate injection and the bioremediation augmentation
remedy, a groundwater monitoring program will be implemented. The objectives of the
monitoring program are:

1. To establish a baseline for groundwater quality prior to the commencement of the
remediation activities.

2. To monitor the groundwater quality inside and outside the permanganate
injection area to establish remediation progress.

3. To monitor groundwater quality off-site.

To achieve these goals, a total of seven monitoring wells will be installed across the site. Two
monitoring wells will be installed at the property line (MW-12 and MW-13), three monitoring
wells will be installed at random within the injection area outside the building (MW-14 through
MW-16) and two monitoring wells will be installed inside the building (MW-17 and MW-18). The
proposed monitoring well locations are presented in Figure 5-1.

To evaluate the dispersion of permanganate throughout the groundwater table, a baseline
monitoring/sampling event will be performed prior to the permanganate injection.  Groundwater
samples will be collected from the existing wells MW-2, MW-5, OW-3S, OW-4S and OW-5S,
OW-6S, OW-9S, OW-10S and OW-11S and the proposed wells MW-12 and MW-18 (Figure 5-
1) for COD, VOC, iron and manganese analysis and the measurement of the following
parameters: water level, ORP, pH, conductivity and colorimetry. During the permanganate
injection phase the water levels, ORP, pH, conductivity and colorimetry parameters will be
monitored on a daily basis in the wells onsite. Following the completion of the injection activities,
the wells will be monitored quarterly for water levels, ORP, pH, conductivity and colorimetry and
sampled bi-annually for COD, VOC, iron and manganese laboratory analysis.

The frequency of these monitoring events may be adjusted, if needed, during the
implementation of the remedy based on the evaluation of the groundwater quality data. 

5.2.2.5 Summary of Permanganate Injection/Augmented Bioremediation System
The proposed permanganate injection/augmented bioremediation system for the overburden
groundwater is composed of the following elements.

• Permanganate injection for the destruction of chlorinated ethenes.  Injection wells would
be installed at the perimeter of the site on the northern, western and portions of the
southwestern property boundaries, at the source area, and within the plume.
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• Augmented bioremediation with a reductive agent such as molasses or sodium lactate
for the destruction of chlorinated ethanes.  Permanganate injection wells at the source
area, and within the plume would be used for the reductive agent injection.

• A line of closely spaced injection wells would be installed onsite along the southern
property line and upgradient of the Ruby Gordon sumps.  The injection wells would
receive potassium permanganate as well as a carbon amendment to provide a
subsurface reductive zone.  The close spacing of these wells including their ROI’s would
essentially act as an interceptor and provide passive treatment for VOC’s migrating
offsite toward Ruby Gordon.

The estimated time of implementation of this alternative is 9 years with a present worth cost of
$2,182,587.

5.3 Comparative Analysis of Overburden Groundwater Remedial Alternatives

This section compares the relative performance of each of the remedial alternatives for the
overburden groundwater using the specific evaluation criteria presented in Section 5.1.
Comparisons are presented in a qualitative manner in order to identify substantive differences
between the alternatives.  As with the detailed evaluation performed in the 1996 FS, the
following criteria were used for the comparative analysis:

1. Overall Protection of Human Health and the Environment
2. Compliance with SCGs, ARARs, and Other Regulations
3. Short-term Effectiveness
4. Long-term Effectiveness
5. Reduction in Mobility, Toxicity, and Volume
6. Implementability
7. Cost

5.3.1 Overall Protection of Human Health and the Environment
The comparative evaluation of overall protection of human health and the environment
evaluates attainment of PRGs, as well as the analysis of other criteria evaluated for each
alternative (specifically, short- and long-term effectiveness).  The evaluation of this criteria
focuses on such factors as the manner in which the remedial alternatives achieve protection
over time, the degree to which site risks would be reduced, and the manner in which each
source of COPCs would be eliminated, reduced, or controlled.

The permanganate injection/augmented bioremediation alternative will be protective of human
health and the environment by destroying chlorinated VOCs and preventing further plume
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migration.  This alternative will reduce the concentrations of chlorinated VOCs in the overburden
groundwater to below cleanup levels and therefore meets the RAOs.

Passive groundwater treatment with zero valence iron will effectively treat VOCs with the
exception of methylene chloride.  Assuming that a supplemental technology for treating
methylene chloride is identified during the final design, this alternative will be protective of
human health and the environment.  However, since the passive groundwater treatment system
will not specifically address the source area, the time required to implement this alternative
would be greater than 40 years.

5.3.2 Compliance with SCGs, and ARARs
The comparative evaluation of the compliance of each Alternative focuses on the following
criteria:

• Published NYSDEC Standards, Criteria, and Guidance (SCGs)

• Other federal applicable relevant and appropriate requirements (ARARs)

Implementation of the passive groundwater treatment with zero valence iron will achieve
chemical-specific ARARs on-site; however, a supplemental technology for treating methylene
chloride must be identified during the final design and the time required to achieve this objective
is estimated at over 40 years.

Implementation of the permanganate injection/augmented bioremediation alternative will
achieve chemical-specific ARARs on-site in approximately nine years.  This includes the
completion of the design and implementation of the full-scale permanganate injection, the
reductive agent injection, and post-injection monitoring.  This alternative will provide for
significant reductions of contaminants in the overburden groundwater and reduce further
migration of the contaminated groundwater.  Therefore, the goal of the removal action, to
minimize exposure and contaminant migration, and restoration of the aquifer, will be met sooner
by this alternative.

5.3.3 Short-term Effectiveness
The short-term effectiveness comparison includes the evaluation of the relative potential for
impacts to the nearby communities, site worker exposures, environmental impacts, and the time
frame for implementation of the alternatives.

The potential short-term risks associated with the passive groundwater treatment with zero
valence iron and the permanganate injection/augmented bioremediation are minimal and are
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easily managed.  The potential short-term risks to construction workers and the community,
associated with both of these alternatives, might exist during activities involving the installation
of monitoring wells, collection of groundwater data, and mixing and injection of permanganate
and molasses or some other carbon-based reducing agent.  During the system installation,
exposure to contaminated media will be minimized through the use of personal protective
equipment such as gloves and protective clothing.  Applicable protective gear and a spill
response plan will also be used during the handling, mixing, and injection of the permanganate
solution.  Similar protocols will be implemented for all associated groundwater gauging and
sampling activities.  Additionally, short-term effects during the installation of these alternatives
can be minimized by implementing an effective site-specific health and safety program, and
institutional controls.

The estimated time required to implement the passive groundwater treatment alternative is over
40 years while the estimated time required to implement the permanganate injection/augmented
bioremediation system is 9 years. The reactive barrier wall system does not directly address the
source area but relies on transport of VOCs from the source area to the reactive wall.  The
change in source area VOC concentrations over time would be characteristic of a natural
degradation process.  In contrast, the permanganate injection/augmented bioremediation
system actively addresses VOCs in the source area and within the contaminant plume.  VOC
concentrations in the source area would rapidly decline as the active treatment was
implemented.  The reactive barrier wall system requires significantly more time to implement
than the permanganate injection/augmented bioremediation system because of the rate limiting
transport of VOCs to the reactive barrier.  The difference in time required to implement these
two alternatives can be demonstrated graphically as follows:
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5.3.4 Long-term Effectiveness
The comparative evaluation of long-term effectiveness focuses on the reduction of residual risk
and adequacy and reliability of controls provided by each alternative.

Passive groundwater treatment with zero valence iron will provide an effective long-term remedy
for chlorinated VOCs present in the overburden groundwater; however, a supplemental
technology for reduction of methylene chloride must be identified during the final design and
implemented in conjunction with the passive groundwater treatment system.  Assuming that an
effective means of treating methylene chloride is identified, this alternative will permanently
destroy VOCs in the overburden groundwater by abiotic reductive dehalogenation.

Permanganate injection/augmented bioremediation will provide an effective long-term remedy
for chlorinated VOCs present in the overburden groundwater.  This alternative will permanently
destroy the chlorinated VOCs in the overburden groundwater by oxidation and reductive
dechlorination, thereby, reducing the chlorinated VOC mass in the overburden groundwater and
preventing off-site migration.

5.3.5 Reduction in Mobility, Toxicity, and Volume
The comparative evaluation of the reduction of mobility, toxicity, and volume focuses on the
ability of the alternative employed to address the impacted material on-site, the mass of material
destroyed or treated, the irreversibility of the process employed, and the nature of the impacted
materials after implementation of the alternative.
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The passive groundwater treatment with zero valence iron will reduce the overall volume of toxic
contaminants present in the overburden groundwater, provide a permanent remedy for
reduction of contaminant toxicity, mobility, and volume through treatment, and meet the USEPA
statutory preference for treatment as a principle element.  Successful treatment is dependent
upon identifying an effective supplemental technology for methylene chloride treatment.

The permanganate injection/augmented bioremediation alternative will reduce the overall
volume of toxic contaminants present in the overburden groundwater, provide a permanent
remedy for reduction of contaminant toxicity, mobility, and volume through treatment, and meet
the USEPA statutory preference for treatment as a principal element.  Successful treatment will
be dependent on the determination of groundwater transport and mass balance for full
treatment to concentrations meeting cleanup objectives.  Groundwater impacted with VOCs not
reached by permanganate or a reductive agent will be naturally attenuated.

5.3.6 Implementability
The comparative evaluation of implementability focuses on the feasibility of construction and
operation of each alternative, the administrative feasibility, the availability of required disposal
facilities, technical and service personnel, and contractors.

Construction of a passive groundwater treatment system with zero valence iron is readily
implementable at the Site, although some difficulties associated with construction of the
permeable barrier wall in and around areas containing underground utilities may need to be
addressed during the engineering design and construction phases.
Permanganate and molasses/sodium lactate are food grade chemicals ideal for the application
to groundwater for the treatment of a variety of VOCs, specifically chlorinated ethenes and
ethanes.  Permanganate and molasses/sodium lactate have been used at sites throughout the
country, in a variety of geologic settings for the treatment of the compounds found at the SOH
site.  Injection of permanganate and molasses/sodium lactate is accomplished through
monitoring wells constructed in an identical manner to existing monitoring wells or through
infiltration galleries.  The presence of the buildings onsite present the only restrictions to access
for any drilling necessary to facilitate the successful implementation of a permanganate
injection/augmented bioremediation system.  

5.3.7 Cost
The estimated present worth cost of the passive groundwater treatment system with zero
valence iron is $4,439,914.  The estimated present worth cost of the permanganate
injection/augmented bioremediation treatment is $2,182,587.  The comparative evaluation of the
cost of remediation is based on the net present worth of each alternative.  The total capital,
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annual O&M, periodic, and present worth costs for these alternatives are presented in
Appendix A.

5.3.8 Summary
Each overburden groundwater remedial alternative was qualitatively evaluated by each of the
criteria described above.  Based upon the comparative analysis of the passive groundwater
treatment system and the permanganate injection/augmented bioremediation system,
permanganate injection/augmented bioremediation was selected as the preferred remedy for
overburden groundwater.  This determination was made based upon the following factors:

• Permanganate injection/augmented bioremediation specifically addresses the source
area as well as the overburden groundwater plume.  By treating the source area, the
time to completion of this alternative is significantly reduced compared to the passive
groundwater treatment system.  The passive groundwater treatment system does not
specifically address the source area; therefore, the time to completion will be dependent
upon transport of the VOCs to the permeable reactive barrier wall.

• The passive groundwater treatment with zero valence iron will effectively treat the
chlorinated VOCs present in the overburden groundwater with the exception of
methylene chloride.  Methylene chloride was not identified as a COPC during the 1996;
however, it was detected at concentrations as high as 680,000 µg/L during the pre-
design investigation.  An effective supplemental technology for treating methylene
chloride will need to be identified during the final design for this remedy.

• The estimated cost of the permanganate injection/augmented bioremediation is lower
than the estimated cost of the passive groundwater treatment system.  The cost savings
is due to lower initial capital costs and annual operations and maintenance costs
projected over the shorter timeframe required to implement the respective alternatives.
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6.0 OVERVIEW OF SELECTED ALTERNATIVE

Based upon the results of this Focused Feasibility Study for the Stuart-Olver-Holtz Site and the
criteria described in Section 5 for evaluation of alternatives, Shaw recommends implementing
the permanganate injection/augmented bioremediation system as the overburden groundwater
action component of the selected site wide remedy.  The other components of the site wide
remedy presented in the ROD would be retained as part of this new site wide remedy.  The
components of the new remedy are summarized below.

Overburden Groundwater Actions:

• Implement a permanganate injection system to destroy chlorinated ethenes.  Injection
wells installed at the perimeter of the site on the northern, western and southwestern
property boundaries, at the source area, and within the plume would be utilized to inject
permanganate solutions into the overburden groundwater.

• Implement an augmented bioremediation system utilizing molasses or some other
reductive agent as a carbon source to destroy chlorinated ethanes.  This augmented
remediation system would be implemented upon completion of the permanganate
injection.  The system would utilize former permanganate injection wells at the source
area and within the plume for molasses/reductive agent injection.

• Install and operate as an IRM a line of closely spaced injection wells onsite along the
southern property line and upgradient of the Ruby Gordon sumps.  The injection wells
would utilize reducing agents and/or carbon amendments to intercept and treat VOC’s
that migrate offsite toward the Ruby Gordon sumps.  This IRM would be consistent with
and could be easily assimilated into the final remedial measure for the overall site.

• Conduct periodic, long-term overburden groundwater monitoring.

• Construct drainage improvements between Ruby Gordon and the SOH site to minimize
groundwater recharge to the Ruby Gordon basement.

• Recommend deed restrictions on future use(s) of the site.

Bedrock Groundwater Action:

• Implement institutional controls to reduce the potential for exposure to contaminated
bedrock groundwater.  This would include: disconnecting the SOH interior bedrock
wells, conducting bedrock groundwater monitoring, and implementing deed
restrictions of future use(s) of groundwater.



Pre-Design Investigation Summary/Focused Feasibility Study Report 60
Stuart-Olver-Holtz, Henrietta, New York November 27, 2002

m:193reps/DEC/SOH Final FS_112702

Surface Soil Action:

• Excavate the on-site and off-site surface soils that are above SCGs and transport off-
site for disposal.  Regrade and restore the excavated areas.  Isolation of on-site
contaminated surface soils could be done in-lieu of excavation.

SOH Sump Contents:

• Clean and dispose off-site accumulated sediments from site sumps, catch basins,
and related piping.

• Evaluate, upgrade or decommission drainage lines or connections.

This report contains an analysis of the estimated cost to implement the proposed overburden
groundwater actions.  The estimated cost to implement the bedrock groundwater action, surface
soil action, and the SOH sump contents removal is based upon the estimated costs presented
in the 1996 FS.  The costs presented in the 1996 FS were adjusted to 2001 dollars using
Engineering New Record’s 1996 Annual and May 2001 Construction Cost Index.  The total net
present worth of the selected alternative using a permanganate injection / augmented
bioremediation system to address the overburden groundwater is $4,090,430.  In contrast, the
total net present worth of a site wide alternative using a reactive barrier wall to address the
overburden groundwater is $7,130,476.  A detailed breakdown of this estimate is provided in
Appendix A.
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