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1.0 Introduction

On behaf of Alcoa Remediation, ENI, LLC. in conjunction with CDM Smith, Inc., has prepared
this Focused Feasibility Study ("FFS') Report for the Alcas property ("Alcas Source Area")
located in Olean, Cattaraugus County, New York. The Alcas Source Area is located within the
Olean Well Field Superfund Site (“ Site”).

The development of the FFS study was conducted in three parts that included:

e The development and screening of remedia technologies, submitted to the USEPA on
February 27, 2009 as Part 1. Development and Screening of Remedial Technologies

e Evaluation of data needs and implementation of treatability investigation, and

e Thedetailed analysis of alternatives.

This FFS Report utilizes the results from the treatability investigation to analyze treatment
alternatives against evaluation criteria outlined in the detailed analysis of alternatives.

1.1 Purpose

The purpose of the FFS report was to gather sufficient information to support an informed risk
management decision regarding remedial aternatives at the Alcas Source Area that sufficiently
accomplish the defined remedial action objectives.

1.2 Report Organization

This FFS Report follows the Guidance for Conducting Remedia Investigations and Feasibility
Studies Under CERCLA (EPA/540/G-89/004, Office of Emergency and Remedial Response,
October 1988).

This FFS Report is organized as follows:

e Section 1 — Introduction: This section describes the purpose and objectives of the report
and outlines the organization of the report.

e Section 2 — Alcas Source Area Conditions: This section provides a historical perspective
of the Olean Well Field Superfund Site along with Alcas Source Area-specific geological
and hydrogeological conditions. This section also provides a Soil/DNAPL and
groundwater assessment at the Alcas Source Area and a summary of the treatability
investigation results.

e Section 3 — Basis for Remediation: Remedia Action Objectives are established, as well
as applicable or relevant and appropriate requirements

e Section 4 — Identification and Screening of Remedial Technologies: This section
describes the screening criteria and preliminary screening evaluation.

e Section 5 — Development of Remedial Action Alternatives. This section provides a
summary of the development and screening of remedial technologies.

e Section 6 — Detailed Analysis of Alternatives: This section describes the detailed
evaluation of remedial alternatives that passed the initial screening process. The detailed
analysis evaluates alternatives against seven evaluation criteria.
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e Section 7 — Comparative Analysis of Alternatives. This section compares each
alternative against the other aternatives.
e Section 8 — References.
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2.0 Alcas Source Area Conditions

This section describes the conditions at the Alcas Source Area, including: history; geology;
hydrogeology; soil, DNAPL, and groundwater assessment; and a summary of pre-remedia
design characterization.

For ease of understanding, the Alcas Source Area consists of two parts, the Alcas Facility and
Parcel B properties. The Alcas Facility consists of the Main Building and associated land and
structures located at 1116 East State Street, Olean, New York. The Alcas Facility is currently
owned and occupied by Cutco Corporation. Parcel B is located south of the Alcas Facility at the
following legal description:

ALL THAT TRACT OR PARCEL OF LAND, situate in the City of Olean, Cattaraugus
County, State of New Y ork, bounded and described as follows:

BEGINNING at a point on the north Right of Way line of Billington Avenue where it
intersects with the centerline of Taggerty Avenue extended thence N 88-45-18 W along
the north Right of Way line of Billington Avenue, a distance of 125.42' to a point; thence
N 01-14-42 W through lands now or formerly of Murphy Properties, Inc., a distance of
311.96' to a point; thence south easterly on a curve to the left, along the southerly bounds
of Cutco Cutlery Corp., with aradius of 1981 .29' and an arc length of 611.56' to an iron
pin; thence S 68-53-05 E aong the southerly bounds of Cutco Cutlery Corp., a distance
of 8.72' to an iron pin; thence S 05-24-27 W aong the easterly bounds of Louise Butler, a
distance of 420.17' to a point on the river bank of the Allegheny River; thence S 61-05-11
W aong the river bank of the Allegheny River, a distance of 27.22' to a point; thence N
29-32-29 W aong the westerly bounds of Randolph V. Price and David Muir, a distance
of 461.74' to a point; thence the following courses through lands now or formerly of
Murphy Properties Inc.:

N 29-04-08 W, adistance of 97.63' to an iron pin set;

N 89-11-12 W, adistance of 77.36' to an iron pin set;

S 00-40-08 W, adistance of 62.81 ' to the point of beginning.

2.1 Site History

The Olean Well Field Superfund Site (the “ Ste”) is located in the eastern portion of the City of
Olean (“City”) and west and northwest of the Towns of Olean and Portville in Cattaraugus
County, New York as shown in Figure 2-1. The Site incorporates three municipal wells (“ City
Production Wells”), and spans approximately 800 acres of property principaly occupied by
industria facilities. The Allegheny River flows through the southwest and southern portions of
the Site. State Routes 16 and 417 provide access to the area. A portion of the Alcas Source Area
was formerly occupied by the Alcas Cutlery Corporation, and is currently occupied by the Cutco
Corporation. Cutlery and sporting knives have been manufactured at the facility since 1949. As
part of the manufacturing process, the facility formerly used trichloroethene (“TCE”) in on site
vapor degreasers.

Following initial investigation activities, the U.S. Environmental Protection Agency (“EPA”)
added the Site to the National Priorities List in September 1983. Between 1983 and 1985, the
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EPA conducted additional investigations at the Site and initiated early remedial actions including
the supply of carbon adsorption filters to owners of impacted private wells. It was determined
that soils and groundwater were impacted by severa chemicals of concern (“COCSs’) including
TCE and its degradation products, with established pathways of migration to the Site's Upper
Aquifer (“ Upper Aquitard” or "UA”) and Lower Aquifer (* City Aquifer”). Targeted daughter, or
degradation, products for TCE include cis-1,2-dichloroethene (“cDCE”) and vinyl chloride
(“VC”). Tetrachloroethene (*PCE"), a parent product for TCE, has also been detected at the Site
and ismost likely derived from acommercia grade fraction of the TCE solvent.

On September 30, 1996, EPA issued a Record of Decision for operable unit 2 at the Site which
addressed the sources of volatile organic compound (VOC) contamination to groundwater,
including the Alcas Source Area. The major components of the selected remedy for OU2 for the
Alcas source area included the vacuum enhanced recovery (VER) of VOCs from contaminated
soil, upgradient and downgradient groundwater monitoring and implementation of groundwater
use restrictions.

As part of the 1998 Operable Unit 2 Consent Decree, Institutional Controls were implemented at
the Site. They include:

e Refrain from installing or using any groundwater wells at or downgradient of the Source
Area, except for any production wells or monitoring wells currently being used at the
Property, monitoring wells required for implementation of the Work, or as approved by
EPA. Thisrestriction will terminate upon the recording in the County Clerk’s Office of
EPA’s Certification of Completion of the Work pursuant to Paragraph 50b [of the
Consent Decreg];

e Refrain from installing or using any groundwater wells upgradient of the Source Area,
except for any production wells or monitoring wells currently being used at the Property,
monitoring wells required for implementation of the Work, or as approved by EPA. This
restriction will terminate upon the recording in the County Clerk’s Office of EPA’s
Certification of Completion of the Work pursuant to Paragraph 50b [of the Consent
Decreg];

e Refrain from increasing the rate of withdrawa from production wells currently being
used at the Property unless for routine business operations or as approved by EPA. This
restriction will terminate upon the recording in the County Clerk’s Office of EPA’s
Certification of Completion of the Work pursuant to Paragraph 50b [of the Consent
Decreg];

e Refrain from excavating the Affected Property, other than any and all excavation
required for the Remedial Action, for the maintenance, repair or remova of utility
facilities or as otherwise approved by EPA. This restriction will terminate upon the
completion of the Remedia Action; and

e Refrain from constructing or erecting any temporary or permanent structure over the
Affected Property, other than that required for the Remedial Action or as approved by
EPA. Thisrestriction will terminate upon the completion of the Remedial Action.
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22 Alcas Source Area Geology

The geology at the Alcas Source Areais characteristic of glacial deposit. Alcas Source Area soils
transition downward from primarily a finer sediment unit typical of glacia till near land surface
to a coarse glacia outwash unit of high permeability, to a glacio-lacustrine clay encountered in
boreholes at 82 to 97 feet below land surface (“bls’). To illustrate the Alcas Source Area
geology, three geological cross sections were constructed. The location of the cross sections is
shown in Figure 2-2. The symbols representing the different stratigraphies used in the cross
sections are shown in Figure 2-3. The lithologic units logged during this investigation are shown
in Cross-Section A-A’, B-B’, and C-C’ in Figures 2-4, 2-5, and 2-6, respectively.

The overlying glacia till unit was encountered at approximately O to 12 feet bls, and varies in
thickness across a mgjority of the Alcas Source Area between 16 and 29 feet. The till unit was
identified by its olive gray color and/or the gravel content and is commonly referred to as the
Upper Aquitard based on its generally low permeability. This unit contained 50 to 97 percent
clay in the historical sieve analyses. The thickness of the till is highly variable across the Alcas
Source Area. Within this unit, a discontinuous thicker and somewhat coarser sequence of
sediments may provide preferential pathways for water and constituent migration, and this
discontinuous lens (or lenses) isreferred to in this document as the Upper Water Bearing Zone.

The glacial outwash has been encountered below the Upper Aquitard from approximately 25 to
35 feet bls, and varies in thickness between 54 and 72 feet across the Alcas Source Area. This
unit is very permeable, and yields significant quantities of water. The City Aquifer
hydrogeologic unit is primarily contained within the glacial outwash geologic unit at the Alcas
Source Area. As noted above, glacio-lacustrine clays provide an effective bottom boundary to
the City Aquifer between roughly 80 and 100 feet bls.

23 Alcas Source Area Hydrogeology

The groundwater elevations for the upper and lower portions of the City Aquifer wells were
contoured. Figure 2-7 shows the upper City Aquifer contours. The contours for the upper and
lower portions of the City Aquifer show groundwater generally flowing to the east toward City
Production Well 18M. These maps show that City Production Well 18M’s controlling influence
potentially extends beyond the westward boundary of the Main Building, thus capturing affected
groundwater in the City Aquifer.

Based on these groundwater elevations, groundwater flow in the City Aquifer appears consistent
and uniform. This was expected since City Production Well 18M has been in continuous service
since 1990. Given City Production Well 18M has been pumping for the last 15 years and the
consistent and uniform surrounding groundwater flow, the flow system in the City Aquifer can
be assumed to be at steady state. This means that the shape of the contours and compl ete capture
of affected groundwater in the City Aquifer will not change unless the pumping in City
Production Well 18M is reduced or stopped.

Most of the wells used for measuring groundwater elevations in the UWBZ are located around
the perimeter of the Alcas Facility and to the south on Parcel B. Groundwater elevations in these
wells are all much shallower than those in City Aquifer wells, indicating a significant downward
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gradient between the UWBZ and the City Aquifer. Two potential exceptions to this are wells
UA-4 and RU-7 located east of the Alcas Facility, just over halfway to 18M.

Groundwater elevations in these wells are almost 10 feet deeper than UWBZ wells, consistent
with those in the City Aquifer; however, the screens were intended to target the UWBZ based on
field observations during drilling. Figure 2-8 shows groundwater elevations contours for the
UWBZ, but with solid lines stopping just east of the Alcas Facility to indicate how they would be
drawn without including UA-4 and RU-7. This results in a hydraulic gradient that is primarily to
the south and southeast, potentially reflecting the influences of both the regional topography
sloping toward the river and the pumping at 18M. The dashed lines on the figure indicate how
the contour lines would be drawn if UA-4 and RU-7 are included in the UWBZ data set. This
resultsin a very strong easterly gradient in the UWBZ on the east side of the Alcas Facility. As
it is not clear whether the groundwater elevations in these two wells represent the UWBZ or the
upper City Aquifer, both possibilities will be considered in the Alcas Source Area conceptual
model discussion in Section 2.6.

24  Soil/[DNAPL Assessment Summary

Early investigations at the Alcas Source Area involved the collection of soil samples from the
southern/southeast portion of the Alcas Facility. However, the concentrations in the soil samples
do not indicate residual DNAPL in this portion of the Alcas Facility. It is possible that some of
the affected soils may be associated with small, nearby releases (i.e., weed killing activities).

The mgjority of impacted soils at the Alcas Source Area are beneath the Main Building. Varying
concentrations of COCs were detected in the soil samples collected from the borings installed
within the Main Building. Figure 2-9 shows the location of the soil borings advanced within the
Main Building. Concentrations of TCE as high as 280 milligrams per kilogram (mg/kg) were
detected in boring B-3 at 9-10 feet depth.

This concentration represents the highest soil sample concentration of TCE detected at the Alcas
Source Area to date. The presence of this concentration of TCE beneath the Main Building
further substantiates the hypothesis that the source areais under the Main Building.

25 Groundwater Assessment Summary

In 2004, vertica profiling of the groundwater at the Alcas Source Area was conducted.
Groundwater samples were collected at 10 foot intervals from two borings a depths ranging
from approximately 30 feet to approximately 100 feet below grade.

Of the COCs at the Alcas Source Area, TCE and PCE were the most prevalent. The profile data
show that TCE had migrated verticaly from beneath the Main Building through the Upper
Aquitard then traveled horizontally. Profiling samples from the bottom of the City Aquifer
provide a characterization of water quality and determine that no free DNAPL existed at the
bottom of this unit. Results suggest that the source of the material impacting 18M exists as a
residual DNAPL in the Upper Aquitard not as a “pooled DNAPL” in the City Aquifer. The
profiling further demonstrates that concentrations are decreasing from the UWBZ into the Upper
City Aquifer and then further decease from the Upper City into the Lower City Aquifer.
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2.5.1 Upper Water Bearing Zone

The sampling results show severa key components of the plume distribution at the Alcas Source
Area. The wells around the southeast corner of the Main Building (RU-4, RU-5, and RU-6) have
TCE concentrations that exceed 1 percent of the solubility of TCE in water (solubility limit).
This suggests the presence of a current or historical DNAPL source at this location, or a short
distance up gradient. This places the likely source of DNAPL under the Main Building. Figure
2-10 illustrates the TCE in the Upper Water Bearing Zone.

The dissolved-phase plume extends from the southeast corner toward the river generally to the
south. This direction of contaminant migration would have predominated during the periods
before Well 18M was installed and during the shutdown of 18M during the 1970s. During the
1960s and post 1980, a portion of the groundwater flow is likely toward 18M. The portion of the
Alcas Source Area that has flow toward 18M in the Upper Water Bearing Zone is from under the
eastern half of the Main Building. As shown in Figure 2-8, it is unclear how far the influence of
18M extends to the south of the Alcas Source Area. The groundwater concentrations are
decreasing from the Main Building toward the south with TCE concentrations in RU-8 and RU-9
at 0.120 mg/L and 0.00087 mg/L, respectively. Closer to the river, the TCE concentration
increases to 1.3 mg/L (results from the September 2007 sampling event) in RU-10. This higher
concentration in RU-10 might represent the migration of TCE that predominated prior to the
instalation of 18M and during the shutdown of 18M during the 1970s. Given the vicinity of
RU-10 is clearly outside the capture zone of 18M (Figure 2-8), concentrations in this area seem
to have remained relatively unchanged for several years. The hydraulic gradient south of RU-10
flattens out considerably suggesting that any flow in the UWBZ in that area would be extremely
slow.

2.5.2 City Aquifer

The top of the City Aquifer is generally located 25 to 35 feet below grade in the western portion
of the Alcas Source Area, dipping to the east and south. To assist in the assessment of
groundwater quality in the upper portion of the City Aquifer, five monitor wells (UC-1 through
UC-5) were installed at the Alcas Source Area. To assess groundwater quality in the lower
portion of the City Aquifer, five monitor wells (BC-1 through BC-5) were installed at the Alcas
Source Area. In addition, monitor wells D-2, CW-13, B-2, RU-17C, RU-18 and UC-1 through
UC-5 have been used to assess the impact to the upper portion of the City Aquifer.

City well 18M is located east of the Alcas Facility. Currently, TCE concentrations in 18M are
approximately 0.020 mg/L. The highest concentration of TCE (10-16 mg/L) has been found in
D2. Monitor wells UC-1 — UC4 contain TCE concentrations ranging from <0.001 mg/L to 0.055
mg/L. Figure 2-11 illustrates the TCE concentrations of the upper city aquifer. In the lower
portion of the City Aquifer no detectable concentrations of TCE above the drinking water
standard have been observed.

In 1991, the EPA issued unilatera administrative order OU1 to the PRPs. As part of the OU1
order, EPA required groundwater samples be collected from selected wells around the Olean
WEell Field on aquarterly and semi-annual basis. Alcas D-2 and CW-13 are the two closest wells
to the Alcas Facility. D-2 has a concentration of approximately 16 mg/L, and CW-13 has a
concentration of approximately 0.00015 mg/L. The concentration of TCE in these wells has
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remained relatively unchanged for the past 15 years, indicating that while 18M isin operation, a
stable plume exists in the City Aquifer.

26 Alcas Source Area Conceptual Model

Decisions regarding the effectiveness of remedia actions must be based on a thorough
understanding of the physical and chemical conditions of a site. The conceptual model serves as
a method of evaluating the restoration potential of a site, relating governing parameters to site-
specific data. The conceptual model can be summarized as follows:

e The source material is composed of chlorinated solvents originaly released as
DNAPL, but now present as immobilized, residual DNAPL, high concentrations
sorbed to soil, and/or high concentrations dissolved in groundwater in the Upper
Aquitard/UWBZ.

e At the Alcas Source Area, The UWBZ is a discontinuous unit comprising
predominantly sand, primarily appearing as localized stream deposits and fill material
within the Upper Aquitard;

e The Upper Aquitard is a very heterogeneous unit comprising predominantly
silty/clayey units with intermixed sandy units, characterized by low permeabilities,
thereby acting as an aquitard overlying the City Aquifer;

e A strong vertical hydraulic gradient exists between the UWBZ and the City Aquifer,
indicating they are generally not in strong hydraulic communication;

e Horizontal groundwater flow is the primary component of groundwater flow, and
vertical groundwater flow is a secondary component, as indicated by the rapidly
decreasing COC concentrations with depth in the City Aquifer;

e At the Alcas Source Area, horizontal flow of groundwater in the Upper Aquifer is
generally directed to the south toward the Allegheny River, though the pumping of
18M might exert a southeasterly influence at least under the eastern half of the Alcas
Facility;

e The primary source area consisting of one or more entry zones and associated
residual DNAPL zonesislocated below the Main Building; and

e Dissolved phase concentrations in the UWBZ/Upper Aquitard south of the Main
Building are stable due to the flat hydraulic gradient in this area and the lack of
influence of 18M.

This information suggests a probable residual material is under the Main Building that will
persist and continue to generate dissolved phase derivatives for unknown lengths of time as long
as the material persists. Overall, the residual material under the Main Building identified by the
updated conceptual model includes a significantly larger area than originally specified in the
OU2 ROD.

It is important to note that this conceptual model identifies both the residual DNAPL source and
the dissolved phase concentrations outside the influence of 18M to the south as separate areas
that need to be addressed by remedial alternatives. Mass removal in the residual source area will
decrease any COC flux both to the City Aquifer and through the Upper Aquitard to the south and
southeast, while mass removal in the southern dissolved concentration area will accelerate
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restoration of groundwater there. These two areas will both be considered in the detailed
evaluation of alternativesin Section 6.

27 Summary of Treatability Investigation
Investigation activities were conducted to collect characterization data and assess applicability,

remova efficiency, and implementability of in-situ remediation technologies. The activities
outlined in the Part 1l Phase 2 Data Collection Work Plan (revised June 2011) consisted of:

e The collection of groundwater elevation data and aquifer testing to simulate remedial
alternative and hydrogeol ogic conditions with a groundwater flow model,

e The collection of groundwater samples to update Alcas Source Area characterization data
and evaluate natural attenuation as aremedial alternative,

e Administered a bench-scale study on ISCO treatment technologies,

e Conducted field pilot test of 1ISCO using activated sodium persulfate, and

e Conducted field pilot test of enhanced anaerobic bioremediation.

The results of the treatability investigation are included as:

e Appendix B: Modeling Report for Evaluation of Groundwater Extraction as a Remedial
Alternative and Olean Groundwater Model Calibration and Capture Simulation
Memorandum,;

Appendix C: Data Evaluation for ISCO Pilot Study;

Appendix D: Bench-scale Test Summary Report;

Appendix E: Groundwater Characterization for Evaluation of Natural Attenuation; and
Appendix F: Enhanced Anaerobic Bioremediation Pilot Study.
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3.0 Basis for Remediation

The identification and screening of appropriate remedial aternatives requires that remedia goals
and requirements be established as the basis for remediation. In this section, Remedia Action
Objectives are established, as well as applicable or relevant and appropriate requirements
(ARARS). With theseidentified, alternatives with the potential to meet them can be devel oped.

31 Remedial Action Objectives

The Record of Decision (“ROD”) for the second operable unit (*OUZ2") for the Site considered
risks on both a human health and ecological basis. The human health assessment addressed
potential risk by identifying several potentia exposure pathways by which the public may be
exposed to under current and future land-use conditions. The baseline risk assessment eval uated
the hedlth effects that would result from exposure to groundwater containing constituents of
concern through three pathways; namely, ingestion, dermal contact and inhalation of volatilized
constituents during showering. Risk as a result of constituents in surface and subsurface soils
was calculated for an exposure scenario of ingestion or inhaation by construction workers. A
residential exposure scenario was not calculated because the property is zoned and operated as
industrial/commercial, and was expected to continue as such in the future.

The baseline risk assessment results indicated that ingestion of and dermal contact with untreated
groundwater at the Site poses the only unacceptable risks to human health. Risks due to the
inhalation of constituents from untreated groundwater during showering were within EPA’s
acceptable risk range. Risks calculated for ingestion and inhalation of surface and subsurface
soils by construction workers were found to be acceptable at the Alcas Source Area.

The ecologica risk assessment concluded that there are no significant habitats present at the
Alcas Source Areawhich could potentially support indigenous wildlife receptor species.

The groundwater RAOs for the Alcas Source Area (Alcas Facility and Parcel B) include:

e Restore the City Aquifer beneath the Alcas Source Areato its beneficial use as a source
of drinking water by reducing contaminant levels to the more stringent of federal MCLs
or New York State standards;

e Minimize, contain and/or eliminate sources of VOC contaminants aready in the shallow
groundwater at the Alcas Source Area; and

e Minimize and/or eliminate the potentia for future human exposure to Alcas Source Area
contaminants via contact with contaminated groundwater.

The groundwater preliminary remediation goals are identified in Table 3-1.
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Table 3-1: Remediation Goalsfor Groundwater

Chemicals of NY S Groundwater | NYSDrinking | National Primary
Potential Concern | Quality Standards | Water Quality Drinking Water
(COPCy) (ppb) Standards Standards
(ppb) (ppb)
cis- 1,2-DCE 5 5 70
trans-1,2-DCE 5 5 100
TCE 5 5 5
PCE 5 5 5
Vinyl Chloride 2 2 2
Xylene 5 5 10,000

The soil RAOs for the Alcas Facility include:

e Minimize, contain and/or eliminate VOC contaminants from soils at the Alcas Source
Areathat are leaching into the groundwater; and

e Minimize and/or eliminate the potential for human exposure to Alcas Source Area
contaminants via contact with contaminated soil.

To satisfy these RAOs, soil remediation goals for addressing the Alcas soil contamination are
identified in Table 3-2.

Table 3-2: Remediation Goalsfor Sail

Chemicals of Sail
Potential Concern Remediation Goals

(COPCs) (ppm)

cis- 1,2-DCE 0.25
trans-1,2-DCE 0.19
Vinyl Chloride 0.02
TCE 0.47

PCE 13

Xylene 16

Sail remediation goals were devel oped as a function of the State Remedial Program Soil Cleanup
Objectives (6 NY CRR Subpart 375-6) as discussed below.

32 Applicable or Relevant and Appropriate Requirements (ARARS),
To-Be Considered, or Other Guidance

ARARs are classified into three categories. (1) chemical-specific, (2) location-specific, and (3)

action-specific, depending on whether the requirement is triggered by the presence or emission

of achemical, by avulnerable or protected location, or by a particular action.

Chemical-specific ARARs are typically health- or risk-based numerical values or methodologies
which, when applied to site-specific conditions, are expressed as numerical values that represent
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cleanup standards (i.e., the acceptable concentration of a chemical at the site). Location-specific
ARARSs are restrictions on the concentration of constituents or the conduct of activities in
environmentally sensitive areas. Action-specific ARARs are usually technology- or activity-
based requirements or limitations on actions or conditions taken with respect to specific
constituents. Action-specific ARARS do not determine the remedia aternative; rather, they
indicate how a selected alternative must be achieved.

According to published EPA guidance (EPA540-R-98-020), ARARSs may be waived under
certain circumstances during on-site response actions. In other cases, the response may
incorporate environmental policies or proposals that are not ARARS, but do address site- specific
concerns. Such to-be-considered ("TBCs") standards may be used in determining the cleanup
levels necessary for protection of human health and the environment. These TBCs include
nonpromulgated criteria, advisories, guidance, and proposed standards.

Tables 3-3 through 3-5 identify action, chemical, and location-specific ARARS, TBCs, or other
guidance considered for this Alcas Source Area.

33 Remediation Implementation and Optimization Strategy

The selected remedy for the Alcas Source Area must account for the details of the Alcas Source
Area conceptual model outlined in Section 2.6, as well as the RAOs and site-specific constraints
discussed in Section 3.1. Doing this will require some flexibility in remedy implementation that
incorporates new data as they are collected, evaluates them in the context of progress toward
cleanup objectives and cost, and facilitates optimization of the remedy through modifying
operations, capitalizing on new opportunities for cost-effective mass removal, transitioning from
aggressive to passive technologies, and/or reevaluating cleanup targets.

Some of the key Alcas Source Area conditions and constraints that will affect the remediation
implementation include:

e The source material present at the Alcas Source Area comprises immobilized, residual
DNAPL, high concentrations sorbed to soil, and/or high concentrations dissolved in
groundwater in alarge arealocated under the southeast corner of the Main Building;

e The soils of the UWBZ, where the constituent mass is contained, are highly
heterogeneous, and

e Preventing detrimental impacts to municipal well 18M will be of primary importance to
remedy implementation.

In Sections 5 and 6, remedial alternatives with the potential to meet the RAOs are developed and
evaluated as a conceptual design. A major objective, per the RAOs, is to remove or control
source material remaining at the Alcas Source Area. As such, some technologies are considered
that are focused primarily on containment (or control) of the source material, while others are
considered that have the potential to remove some or all of the source. In genera EPA guidance
expresses a preference for removal of source material over containment when possible; i.e., a
reduction in toxicity, mobility, or volume. Therefore, specia attention is given to alternatives
employing these technologies in the development of aremediation strategy for the Alcas Source
Area
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Chemical-specific ARARs, TBCs, and other Guidance
Alcas Property
Olean, Cattaraugus County, New York

Reslg/a;ory Regulatory Authority and Citation Requirement Synopsis
National Primary Drinking Water Establishes health-based standards for public
Standards-Maximum Contaminant Levels [drinking water systems. Also establishes
Federal (MCLs) and Maximum Contaminant drinking water quality goals set at levels at

Level Goals (MCLGs) (42 U.S.C. § 300f |which no adverse health effects are anticipated,
et seq and 40 CFR Part 141, Subpart F)  |with an adequate margin of safety.
New York State Department of Health

State Drinking Water Standards (10 NYCRR |Sets MCLs for public drinking water supplies.
Part 5)
New York Remedial Program Soil

State Cleanup Objectives (6 NYCRR Part Establish standards for soil cleanups.
375.6)
New York DEC Commissioner Policy 51 Provu_jes the fr_amework and procedureg for the

State . . selection of soil cleanup levels appropriate for
(CP-51 /Soil Cleanup Guidance) A

each of the remedial programs

New York Surface Water and

State Groundwater Quality Standards and Establish numerical standards for groundwater

Groundwater Effluent Limitations (6
NYCRR Part 703)

and surface water cleanups.




Table3-4

Action-specific ARARs, TBCsand other Guidance

Alcas Property

Olean, Cattaraugus County, New York

Regulatory Level

[ Regulatory Authority and Citation

[ Requirement Synopsis

General Requirement fo

Site Remediation

OSHA—Record keeping, Reporting, and Related Regulations

360)

Federal (29 CFR 1904) This regulation outlines the record keeping and reporting requirements for an employer under OSHA.
These regulations specify an 8-hour time-weighted average concentration for worker exposure to various organic compounds.
Federal OSHA—General Industry Standards (29 CFR 1910) Training requirements for workers at hazardous waste operations are specified in 29 CFR 1910.120.
Federal OSHA—Caonstruction Industry Standards (29 CFR 1926) This regulation specifies the type of safety equipment and procedures to be followed during site remediation.
Federal ZRSC:LI)QA Identification and Listing of Hazardous Wastes (40 CFR Describes methods for identifying hazardous wastes and lists known hazardous wastes.
RCRA Standards Applicable to Generators of Hazardous . .
Federal Wastes (40 CER 262) Describes standards applicable to generators of hazardous wastes.
Federal RCRA—Preparedness and Prevention (40 CFR 264.30-264.31) | This regulation outlines the requirements for safety equipment and spill control.
Federal ZR&RE:;_—Z(SZErgér;gency Plan and Emergency Procedures (40 CFR This regulation outlines the requirements for emergency procedures to be used following explosions, fires, etc.
State mi\né;grl;;{aéz;rod)ous Waste Management System — General (6 This regulation provides definition of terms and general standards applicable to hazardous wastes management system.
New York Identification and Listing of Hazardous Waste (6 . S .
State NYCRR Part 371) Describes methods for identifying hazardous wastes and lists known hazardous wastes.
State ’F:‘:r\:l;;g;k Hazardous Waste Management Facilities (6 NYCRR Regulates treatment, storage, and disposal of hazardous waste.
New York Management of Specific Hazardous Waste (6 . -
State NYCRR Part 374) Establishes standards for the management of specific hazardous wastes.
State ’F:‘:r\:l;;g;k Environmental Remediation Programs (6 NYCRR Identifies process for investigation and remedial action at state funded Registry site; provides exception from NYSDEC permits
State gz\i,:li;g:; DEC Commissioner Policy 51 (CP-51/Soil Cleanup Provides the framework and procedures for the selection of soil cleanup levels appropriate for each of the remedial programs
State New York Solid Waste Management Regulations (6 NYCRR Sets standards and criteria for all solid waste management facilities, including design, construction, operation, and closure

requirements for the municipal solid waste landfills.

Waste Transportation

Department of Transportation (DOT) Rules for Transportation

3) and Land Disposal Restrictions (6 NYCRR Part 376)

Federal of Hazardous Materials (49 CFR Parts 107, 171, 172, 177 to This regulation outlines procedures for the packaging, labeling, manifesting, and transporting hazardous materials.
179)
RCRA Standards Applicable to Transporters of Hazardous .
Federal Waste (40 CFR 263) Establishes standards for hazardous waste transporters.
New York Hazardous Waste Manifest System and Related
State Standards for Generators, Transporters and Facilities (6 Establishes record keeping requirements and standards related to the manifest system for hazardous wastes.
NYCRR Part 372)
State ’3\‘;:;[ York Waste Transporter Permit Program (6 NYCRR Part Establishes permit requirements for transportations of regulated waste.
Disposal
Federal RCRA Land Disposal Restrictions (40 CFR 268) Identifies hazardoug wastes restricted from land disposal and provides treatment standards under which an otherwise prohibited
waste may be land disposed.
State New York Standards for Universal Waste (6 NYCRR Part 374- These regulations establish standards for treatment and disposal of hazardous wastes.

Groundwater Discharge

National Pollutant Discharge Elimination System (NPDES) permit requirements for point source discharges must be met,

1.1.1)

Federal Clean Water Act (CWA [40 CFR 122, 125) including the NPDES Best Management Practice (BMP) Program. These regulations include, but are not limited to,
requirements for compliance with water quality standards, a discharge monitoring system, and records maintenance.
Clean Water Act (Federal Ambient Water Quality Criteria . i . . . .
Federal [FAWQC] and Guidance Values [40 CFR 131.361) Establishes criteria for surface water quality based on toxicity to aquatic organisms and human health.
Safe Drinking Water Act — Underground Injection Control . . - . I
Federal Program (40 CFR 144, 146) Establish performance standards, well requirements, and permitting requirements for groundwater re-injection wells.
State New York Regulations on State Pollution Discharge Elimination | This permit governs the discharge of any wastes into or adjacent to State waters that may alter the physical, chemical, or
System (SPDES) (6 NYCRR parts 750-757) biological properties of State waters, except as authorized pursuant to a NPDES or State permit.
New York Surface Water and Groundwater Quality Standards . . - .
State and Groundwater Effluent Limitations (6 NYCRR Part 703) Establish numerical criteria for groundwater treatment before discharge.
New York State Ambient Water Quality Standards and
State Guidance Values and Groundwater Effluent Limitations (TOGS | Provides groundwater effluent limitations for use where there are no standards.

Off-Gas Management

Clean Air Act (CAA)—National Ambient Air Quality Standards

212)

Federal (NAAQS) (40 CFR 50) These provide air quality standards for particulate matter, lead, NO,, SO,, CO, and volatile organic matter.
Federal Federal Directive — Control of Air Emissions from Superfund These provide guidance on the use of controls for superfund site air strippers as well as other vapor extraction techniques in
Air Strippers (OSWER Directive 9355.0-28) attainment and non-attainment areas for ozone.
Stat New York Air Quality Standards/ DER-10 (6 NYCRR Part This regulation requires that maximum 24-hour concentrations for particulate matter not be exceeded more than once per year.
e 257) Fugitive dust emissions from site excavation activities must be maintained below 250 micrograms per cubic meter ( ug/m3).
State ?‘;XRY%F i?:giﬁ:pf rgﬁg;ﬁ;einf\g rr(:azﬁgr;t:tlrgogfs?rr:ztclon This policy provides guidance for the control of toxic ambient air contaminants and outlines the procedures for evaluating
Ambient Contaminants sources.
State New York Permits and Certificates (6 NYCRR Part 201) Permits may be exempted for listed trivial activities.
State New York Emissions Verification (6 NYCRR Part 202) Specifies the sampling and documentation requirements for off-gas emissions.
State New York General Prohibitions (6 NYCRR Part 211) Prohibition applies to any particulate, fume, gas, mist, odor, smoke, vapor, pollen, toxic or deleterious emissions.
New York General Process Emission Sources (6 NYCRR Part . . o
State Sets the treatment requirements for certain emission rates.




Table3-5

L ocation-specific ARARs, TBCsand other Guidance
Alcas Property
Olean, Cattaraugus County, New York

Regulatory o . .
Citation Requirement Synopsis
Level e Synop
National Historic Estak_)llsh_es procedures to prowde for prese_rvatlon of
. historical and archeological data that might be
Preservation Act (16 ) .
Federal destroyed through alteration of terrain as a result of a

U.S.C. 8470 et seq. and 36
CFR Part 800)

federal construction project or a federally licensed
activity or program.

Endangered Species Act

Requires that the continued existence of any

Federal (16 U.S.C.§ 1531 et seq., | endangered or threatened species and/or its habitat not
50 CFR Part 200) be impacted by a federal activity
Clean Water Act Section
Federal 404; 40 CFR Parts 230; Prohibits discharge into wetlands.
33 CFR Parts 320-330
Clean Water Act 40 CFR Avoids adverse effects, minimize potential harm,
Federal Part 6 Appendix A,
. preserve, and enhance wetlands.
section 4
Floodplain Management; s .
Federal 40 CFR 6.302 (b) (2005) Regulates activities in a floodplain.
Endangered and
State Threatened Species of Fish Standards for the protection of threatened and
and Wildlife (6 NYCRR endangered species
Part 182)
State Freshwater Wetlands; 6 Establishes permit requirement regulations, wetland
NYCRR 663-665 maps, and classifications.
State Floodplain Management; Describes development permitting requirements for
6 NYCRR 500 areas in floodplains
State V&Ja izrz?g PNr\c;tég;) 2 8; Regulates the modification or disturbance of streams
Wild, Scenic, and
State Recreational Rivers; 6 Regulations for administration and management.
NYCRR 666
Floodplains; 6 NYCRR Contains floodplain management criteria for state
State .
502 projects.
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As will be discussed in subsequent sections, several technologies hold promise for removing
source and dissolved constituent mass at the Alcas Source Area. However, the Alcas Source
Area conditions and constraints listed above provide an important context for implementation of
those technologies. First, the proximity of well 18M is a limiting factor for in situ treatment
technologies employing injection of treatment reagents. Such injections must be implemented
such that no detrimental impact to well 18M water quality is realized. This means that injections
cannot employ overly large volumes and cannot be extended over too long atime period.

Second, the locations of the source materia under the Main Building provide a formidable
challenge for delivery of any technology. The fact that the Main Building houses an active, large
manufacturing operation congested with large pieces of equipment which cannot be moved
further limits accessibility.

Third, the nature of the source material, the heterogeneity of the soils is a constraining factor.
Based on the collective experience of practitioners over the last two decades, it is highly unlikely
that complete remova of the source material can be achieved cost-effectively under these
conditions in a short time period by any of the technologies available (e.g., NRC 2012).

These constraints do not prevent cost-effective use of source removal technologies for significant
benefit, but they do mean that a combination of aggressive, short-term mass removal
technologies and passive, long-term attenuation processes should be employed in the context of
achieving “faster, cleaner, greener, and cheaper” cleanups.

Following remedy selection (to be specified in a Record of Decision Amendment), the Remedial
Design phase will proceed. Following the design, the remedy will be constructed. During
construction, additional subsurface information will be obtained that might suggest conditions
are somewhat different than expected during the conceptual design phase, and some optimization
of the remedial design is required before completing construction or beginning operations. Once
any required modifications to the construction design or operations strategy are implemented,
remedial operations will begin.

Performance monitoring data will be collected routinely to determine whether the system is
operating as designed, and whether progress is being made toward cleanup objectives. These
data will be used to update the Alcas Source Area conceptual model as appropriate. Armed with
the performance monitoring data and updated Alcas Source Area conceptual model, the
effectiveness of the remedy can be evaluated. The appropriate frequency of these evaluations
will depend on the remedy selected, and the evaluations will be conducted in accordance with
EPA guidance (Groundwater Completion Strategy, U.S. EPA OSWER directive 9200.2-144,
May 2014).

In the case of aggressive source remova technologies, the transition will be to long-term,
ongoing attenuation processes resulting from the active remedy. A performance monitoring
strategy will be developed for the attenuation processes that include performance benchmarks
based on numerical modeling using the updated Alcas Source Area conceptual model. The
performance timeframe for attenuation processes is expected to be significantly longer than that
of the source removal technology(ies), so the frequency of evaluation will likely be lower. In any
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case, performance monitoring data will be collected in order to update the Alcas Source Area
conceptual model, and the effectiveness of attenuation processes will be evaluated following the
same process as for the source removal portion of the remedy.
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4.0 Identification & Screening of Remedial Technologies

Screening of remedial technologies and technology process options was conducted in two stages.
The first stage evaluated technologies based on technical implementability and compliance with
site-specific constraints. The second stage evaluated technologies based on effectiveness,
implementability, and cost.

Based on the Alcas Source Area conceptua model outlined in Section 2 and the RAOs
developed in Section 3, the Alcas Source Area has been divided into two primary areas to be
targeted for remedia action. The first area is the residual source area underneath and
immediately adjacent to the Alcas Facility. The second primary area is the dissolved phase
concentrations on Parcel B.

Remedia alternatives based on available remedial technologies were developed for each target
area. Those technologies are described and evaluated in the ENI report Focused Feasibility
Study Part 1: Development and Screening of Remedial Technologies submitted to the US EPA
on February 27, 2009. The technologies held for further evaluation are discussed in Section 5.0.

29



ENI, LLC

5.0 Development of Remedial Action Alternatives

The following technologies are held for further evaluation to address soil and groundwater
contamination at the Alcas Facility.

Alternative A.1 - No Action;
Alternative A.2 - Excavation of Shallow Impacted Soils;
Alternative A.3 - Vacuum Enhanced Recovery of Contaminated Soil;

Alternative A.4 - Groundwater Extraction and Treatment of Intercepted Groundwater
Flow from the Source Area Using a Collection Trench;

Alternative A.5 - Groundwater Extraction and Treatment of Intercepted Groundwater
Flow from the Source Area Using Vertical or Horizontal Extraction Wells;
Alternative A.6 - ZVI Permeable Reactive Barrier using Fracing Method to Treat
Intercepted Groundwater Flow from the Source Areg;

Alternative A.7 - Barrier Wall Containment to Prevent Impacted Groundwater from
the Upper Aquitard from Migration to the City Aquifer;

Alternative A.8 - Multiple ZVI1 Treatment Zones using Fracing Method to Treat the
Source Areas Beneath the Main Building; and

Alternative A.9a - ISCO using Activated Persulfate to Treat the Source Areas
Beneath the Main Building; and

Alternative A.9b - ISCO using Activated Persulfate with Excavation to Treat the
Source Areas Beneath the Main Building.

The following technologies are held for further evaluation to address groundwater contamination
at Parcel B.

Alternative B.1 - No Action;

Alternative B.2 - ISCO using Persulfate;

Alternative B.3 - ISCO using Ozone;

Alternative B.4 - Enhanced Anaerobic Bioremediation; and
Alternative B.5 - Monitored Natural Attenuation.
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6.0 Detailed Analysis of Alternatives

This section presents a detailed analysis of each remedia aternative identified in Section 5.0.
The detailed analysis will present relevant information that will aid in the selection of an
aternative that satisfies the RAOs, complies with ARARS, is cost effective, provides a
permanent solution, and reduces toxicity, mobility, or volume.

In accordance with 40 CFR 8§300.430 RI/FS Selection of Remedy and US EPA Guidance for
Conduction Remedial Investigations and Feasibility Studies Under CERCLA (USEPA 1988),
each aternative will be assessed against nine evaluation criteria that include:

1.

Overall Protection of Human Health and the Environment: Alternatives are assessed to
determine whether they can adequately protect human health and the environment, in
both the short and long term.

Compliance with ARARs: Alternatives are assessed to determine whether they attain
ARARs.

Long-term effectiveness and permanence: Alternatives are assessed for long-term
effectiveness and permanence, aong with the degree of certainty that they provide for
success. The magnitude of risk remaining from untreated or treated residual waste is also
examined along with the adequacy and reliability of controls that may be necessary to
manage untreated or treated residual waste.

Reduction of toxicity, mobility or volume: Alternatives are assessed to the degree to
which they can reduce toxicity, mobility, or volume. The evaluation will anayze the
treatment process and the materials treated, the amount of material treated, the degree to
which the treatment is irreversible, the type and quantity of residual waste following
treatment, and whether the alternative utilizes treatment as a principal element.

Short-term effectiveness. Alternatives are assessed based on the risk imposed to the
community, workers, and environment during implementation and the time required until
protection is achieved.

Implementability: The technica and administrative feasibility of implementing the
aternative is assessed along with the availability of services and materials required for
implementation. Aspects of technical feasibility includes difficulties with construction
and operation, ease of undertaking additional remedial actions, and the ability to monitor
the effectiveness of the remedy. Aspects of administrative feasibility include activities
needed to coordinate with other offices and agencies.

Cost: Alternatives are assessed on capital costs, annual operation and maintenance
(O& M) costs, and analysis of net present value of al costs. Capital costs consist of direct
and indirect costs. Direct costs include expenditure for equipment, labor, and materials
necessary to install the remedy. Indirect costs include expenditure for engineering,
financial, and any other service that is not part of the actual installation activities but is
required to complete the installation.

Annual O&M costs are post-construction costs necessary to ensure the continued
effectiveness of a remedy. They include, operating labor costs, maintenance material
costs, auxiliary materials and energy costs, disposal, sampling and laboratory costs,
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administrative costs, insurance and taxes costs, contingency, rehabilitation costs, and
costs to conduct periodic reviews.

A present worth analysis was used to evaluate expenditures that occur at different time
periods to alow for a comparison on the basis of a single sum representing the amount
that, if invested in the base year and disbursed as needed, would be sufficient to cover al
costs associated with the remedy.

Estimated costs were developed using EPA guidance, and are based on the best available
data at the time of the conceptual design. Estimated costs may be modified during the
remedial design and/or the long-term monitoring results.

The information in the cost estimate summary tables is based on the best available
information regarding the anticipated scope of the remedia aternative. Changes in the
cost elements are likely to occur as a result of new information and data collected during
the engineering design of the remedial alternative. Major changes may be documented in
the form of a memorandum in the administrative record file, an explanation of significant
differences, or a ROD amendment. This is an order-of-magnitude engineering cost
estimate that is expected to be within —30 to +50 percent of the actual project cost.

8. State acceptance: This assessment evaluates the technical and administrative issues and
concerns the State may have regarding each of the alternatives. This criterion will be
addressed following the submittal of the FFS Report.

9. Community acceptance: This assessment evaluates the issues and concerns that the
public may have regarding each of the aternatives. This criterion will be addressed
following the submittal of the FFS Report.

The detailed analysis consists of a description of each alternative followed by an evaluation of
each aternative against evaluation criteria 1 through 7.

Finally, for each of the alternative, the following time frames has been estimated:
e Construction Phase;
e Implementation Phase; and
e Remedia Action Objectives Phase.

Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

6.1 Detailed Analysis of Alternatives to Address Soil and
Groundwater Contamination at the Alcas Facility

Nine remedia alternatives were retained for detailed analysis to address soil and groundwater
contamination at the Alcas Facility. The detailed analysis of the remedia alternatives is
presented in the following sections.

6.1.1 Alternative A.1 - No Action

The following sections present a detailed analysis of conducting no action to shalow impacted
soils or impacted groundwater. This alternative was retained to provide a baseline for
comparison to al other aternatives
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6.1.1.1 Overall Protection of Human Health and the Environment
The No Action dternative does not reduce existing concentrations in soil or groundwater or
minimize migration of COCs to the City Aquifer. However, it would not incorporate
implementing activities that would present exposure risks to the community, workers, or the
environment. This alternative does not include monitoring or institutional controls. The No
Action Alternative does not achieve RAOs.

6.1.1.2 Compliance with ARARS
This alternative would not comply with chemical-, location-, or action-specific ARARS.

6.1.1.3 Long-Term Effectiveness and Per manence
No remedia action is associated with this alternative; therefore, no long-term effectiveness or
permanence will be achieved.

6.1.1.4 Reduction of Mobility, Toxicity, or Volume
This action offers no reduction of toxicity, mobility, or volume through treatment.

6.1.1.5 Short-Term Effectiveness
The No Action aternative does not include any implementation activities and thus poses no risks
to the community, workers or the environment.

6.1.1.6 Implementability
Since no remedia actions are associated with this aternative, this aternative would be
technically and administratively feasible and not cause a disruption to operations at the existing
Cutco Corporation facility.

6.1.1.7 Cost
The capital and O&M costs associated with this aternative are $0 since there are no remedial
actions associated with this alternative. The total present value costs for this aternative are
likewise estimated to be $0 in 2012 dollars.

6.1.1.8 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 0 years
Implementation 0 years
Remedia Action Objectives Does Not Reach

6.1.2 Alternative A.2 - Excavation of Shallow Impacted Soils

Under the conceptua design for excavation, soil in the vadose zone with COC concentrations
exceeding risk-based levels will be excavated and transported off-site for proper disposal.
Excavation areas will be located outside the footprint of the Main Building and outside major
access roads at the Alcas Source Area. The excavation area will extend to a maximum depth of
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8 feet below ground surface. The estimated volume of soil to be removed is 2,245 cubic yards.
Excavation areas will be backfilled with clean fill from an off-site location. The location of
excavation areas is shown on Figure 6-1.

6.1.2.1 Overall Protection of Human Health and the Environment

Excavation of shallow impacted soils would effectively remove some contaminant mass from the
excavated areas. However, excavation of impacted soils beneath the Main Building, where most
of the mass is suspected to reside, cannot be accomplished without significant impact and
disturbance to the ongoing manufacturing operations at the existing Cutco Corporation facility.
The contaminants in soils located under and adjacent to the Main Building would continue to
impact the groundwater and therefore, the reduction of COC flux to the City Aquifer will likely
be minor and RAOs would not be achieved.

6.1.2.2 Compliance with ARARS
The alternative would not comply with chemical-specific ARARS for soil or groundwater as the
aternative would have minimal or no effectiveness in remediating, controlling or abating the
contamination source situated underneath the Main Building.

6.1.2.3 Long-Term Effectiveness and Per manence

The migration of COCs from the Alcas Source Area to the City Aquifer is unlikely to be
impacted by the removal of shallow impacted soils. The excavation of impacted shallow soils
would remove source materia that contributes to the contamination of the UWBZ through
groundwater recharge. However, source material located underneath the Main Building will
remain unabated, and continue to contribute COCs to the UWBZ. The magnitude of source
materia underneath the Main Building is unknown, but is believed to be the primary source of
COCsto the UWBZ.

6.1.2.4 Reduction of Mobility, Toxicity, or Volume
Excavation of shallow impacted soils would effectively remove some COC mass from the
excavated areas. However, migration of COCs to the City Aquifer cannot be minimized without
the removal of impacted soils beneath the Main Building.

6.1.2.5 Short-Term Effectiveness
Excavation of shallow soils would result in minimal exposure risks to the community, workers,
and the environment, which would be managed by worker training. Waste generated during the
activity would be managed using approved methods.

6.1.2.1 Implementability
Excavation of shallow soilsistechnicaly feasible, as the technology is conventional. Storm and
sanitary sewer lines are known to be buried along the perimeter of the Main Building and
excavation could be adequately conducted around buried utilities. Shallow excavation depths of
8 feet will have minimal impacts to the current manufacturing operations. No administrative
difficulties are foreseen.
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6.1.2.2 Cost
Capital costs include the excavation and management of shallow impacted soils. The capital
costs for this aternative are $309,317. There are no further actions to be implemented and
therefore no O&M costs associated with this alternative. The total present value costs for this
alternative are estimated to be approximately $309,317 in 2012 dollars. A detailed cost analysis
isincluded in Appendix A.

6.1.2.3 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time

Construction 1 year

Implementation 1 year
Remedia Action Objectives | Greater than 30 years

6.1.3 Alternative A.3 - Vacuum Enhanced Recovery of Contaminated Soil

Vacuum enhanced recovery (VER) was the original remedy selected in the October 1996 OU2
ROD for the Alcas Source Area. The conceptual model understood at that time did not include
site-specific characterization of the Alcas Source Areain terms of underlying Alcas Source Area
geology, hydrogeology, or source constituents and associated phase-derivatives. A Site
Evaluation and Conceptual Model Report was submitted to the USEPA on January 17, 2000, for
purposes of updating the Alcas Source Area conceptual model of the Alcas Source Area. This
submittal was followed by a formal letter on January 25, 2000, to present significant new
information and provide an update of the Alcas remedy decision in order to enable remedial
progress in accordance with statutory requirements. The Alternatives and Anaysis Report and
Forma Request for a Remedy Decision Update was submitted on July 14, 2000, to provide
analysis of remedy update alternatives in order to substantiate the request for a remedy decision
update. A Remedy Update was granted by the USEPA in February 2003.

As documented in these reports, significant new information has become available through
additional investigations that substantiates that the original Alcas Source Area conceptual model
was incomplete and inaccurate. The origina remedy decision was based on the concept that
affected soils in the UWBZ represented the source of affected groundwater whereas, the updated
Alcas Source Area conceptual model suggests a probable long-term DNAPL zone under the
Main Building that will persist and continue to generate dissolved phase constituents to the
UWBZ if left uncontrolled. The updated Alcas Source Area conceptual model rendered VER
ineffective at achieving RAOs.

The original remedy proposed that the affected soils in the UWBZ would be remediated through
a one-step application of VER which would lead to the permanent restoration of the lower
aquifer. A schematic of the origina VER aternative as proposed in the March 1999 Remedial
Design and Remedial Action Workplan is provided as Figure 6-2. In an effort to incorporate the
updated Alcas Source Area conceptual model, the VER aternative being evaluated in this report
has been modified from the origina aternative outlined in the 1996 ROD. Specifically, the VER
technology would be utilized to function as an UWBZ interceptor system within the UWBZ
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plume zone, immediately down gradient of the governing source DNAPL zone under the Main
Building. The system would operate full time as opposed to a one-step operation, for aslong as
the source DNAPL persists. However, because of the heterogeneous soil conditions and the
presence of DNAPL under the building.VER is not expected to achieve the RAOs for the Alcas
Source Area.

This alternative consists of VER of contaminated soil to treat the residual source area. An
estimated 2,245 cubic yards of contaminated soil will be treated using the proposed aternative.
A VER system uses negative air pressure which is applied to a series of recovery wells. The
negative pressure, which is generated by a high vacuum pump, causes the movement of soil
vapor and some groundwater towards the wells for recovery. The vapor recovery causes
desorption (removal of contaminants which are adsorbed onto soil particles) and volatilization of
VOCs by continuously removing contaminated vapors and forcing clean ar into the
contaminated areas. An off-gas treatment system will use granular activated carbon (GAC) to
remove contaminants which are above federal and New York State air emissions levels. Any
groundwater recovered with the soil vapor, would aso be treated with GAC prior to discharge.

This alternative al so includes the following components:

e long-term monitoring to ensure that groundwater quality improves following
implementation of the selected remedy until cleanup levels are achieved.

e institutiona controls in the form of proprietary controls, such as deed restrictions for
groundwater and soil use, existing governmental controls, such as well permit
requirements, and informational devices, such as publishing advisories in loca
newspapers and issuing advisory letters to loca governmental agencies regarding
groundwater use in the impacted area.

e a Site Management Plan ("SMP') would be developed to provide for the proper
management of the Alcas Source Area remedy post-construction, such as through the use
of institutional controls until RAOs are met, and will also include long-term groundwater
monitoring, periodic reviews and certifications. Until the RAOs are achieved, the SMP
would also provide for the proper management of any contaminated unsaturated soils
remaining beneath the concrete slab of the building.

6.1.3.1 Overall Protection of Human Health and the Environment
VER would not be effective in the treatment of VOC contamination beneath the Main Building
where most of the mass is suspected to reside and, therefore would not be protective of human
health and the environment. Based on Alcas Source Area geological conditions and the presence
of DNAPL under the building, a VER system would not be effective in removing contaminant
mass and reducing COC flux to the City Aquifer.

6.1.3.2 Compliance with ARARS
Regardless of configuration, this alternative would not comply with chemical-specific ARARS,
since VER would not be effective in reducing VOC contamination in inaccessible areas beneath
the main building. Only limited quantities of contaminants in both the soil and groundwater
would be removed, and reductions of contaminants to the City Aquifer would be minimal.
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6.1.3.3 Long-Term Effectiveness and Per manence

In genera, a VER system can remove COCs from the contaminated source area, including
source area below the water table. However, Alcas Source Area geology indicates that the
dominant permeability of the upper aquitard is in the range of approximately 10 cm/sec. It is
also expected that these low permeability clays are saturated to within 5 to 7 feet of the till
surface. A VER system would be required to dewater the tight clays, provide uniform airflow
fields void of preferential pathways and gradients, and maintain a pressure gradient sufficient to
remove contaminant mass across the treatment zone. Based on the geological conditions at the
Alcas Source Area, VER application would be very difficult if not impracticable to operate
effectively in thislow permeability environment regardless of configuration.

Due to the Alcas Source Area geological conditions, it can be expected that most residual source
areas will be contacted by the VER operation, and the media that is treated will continue to be
impacted by remaining source areas left under the Main Building. Vapor and dissolved phase
plumes will redevelop from untreated source areas to similar extents and magnitudes that existed
prior to system start-up. This rebounding condition of mass transport will continue as long as
unaltered, residual source persists.

6.1.3.4 Reduction of Mobility, Toxicity, or Volume

The Alcas Source Area geology in the upper aquitard is not conducive to in-situ treatment
involving advection, airflow technology. The airflow fields will not be uniform and will be
dominated by preferential pathways and gradients that will limit system performance and
comprehensive treatment. Where functional, the system will also be inefficient in terms of
effectively dewatering the low permeability clay units and pulling a vacuum through the
subsurface. In this geoenvironment, it is unreasonable to expect advective treatment effects
throughout all source area media. It is aso unreasonable to expect efficient advective recovery
over time. To the extent source area media is not contacted by VER airflow, diffusion rates of
the Alcas Source Area source will not be altered and the source will persist unabated. Therefore,
COC flux into City Aquifer will not be impacted by the application of VER.

A VER system extending to the base of the upper aquitard would encounter significant upwelling
of water from the lower City Aquifer. As upwelling occurs, dewatering potential above is
deceased and the VER technology would be limited further. The increased penetration depths
would also increase risk of further contaminants spreading into the City Aquifer.

6.1.3.5 Short-Term Effectiveness
VER may have potential short-term impacts to the community, workers, and the environment
which would be managed by engineering controls and worker training. Measures would be
implemented to mitigate potential impacts to workers and the community through the use of
personnel protective equipment and standard health and safety practices. Waste generated during
theinstallation of extraction wells would be managed using approved methods.

6.1.3.6 Implementability
The presence of DNAPL beneath the main building at the Alcas facility poses significant access
challenges because of the existing manufacturing operations at the facility. The DNAPL source
under the building cannot be addressed by VER and therefore cannot be implemented to address
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this source. The materials and services necessary for the instalation of VER wells are readily
available. The remedia technology is conventional and proven to treat Alcas Source Area
COCs.

6.1.3.7 Cost

The cost estimate provided includes costs for operating the VER system for an estimated 30
years. Capita costs include installation of VER wells and associated treatment system. Total
capital costs are estimated to be approximately $338,000 for the remediation system. O&M
costs include the O&M of the system and groundwater monitoring. Annual O&M costs are
estimated to average $100,000 per year over 30 years. Thetotal present value life cycle costs of
this aternative using a discount rate of 7 percent is $1,400,000. A detailed cost analysis is
included in Appendix A.

6.1.3.8 Phase Time Estimation

For cost-estimating and planning purposes, phase time estimates are based on the conceptual
design, current conditions, and available technologies, and are subject to change.

Phase Time
Construction 1 year
Implementation 30 years
Remedia Action Objectives | Greater than 30 years

6.1.4 Alternative A.4 - Groundwater Extraction and Treatment of
Intercepted Groundwater Flow from the Source Area Using a Collection
Trench

For the purposes of this report, a conceptual system design was developed. A Remedia Design
document would be developed and approved should this alternative be selected. The conceptual
system developed for this report consists of a collection trench excavated along the southeast
portion of the Alcas Facility. The system would operate at an extraction rate of approximately
10 gpm. The construction of a collection trench that is 160 feet long, 32 feet deep, and 2 feet
wide would create a more permeable zone where groundwater would be extracted and provide a
large area of hydraulic capture. The location of the collection trench is illustrated on Figure 6-3
and a cross section depicting the basic details of the alternative relative to the geology is shown
on Figure 6-4. A description of the groundwater model used to develop the conceptual design of
this aternativeisincluded in Appendix B.

Extracted groundwater will be treated with an air stripper and discharged to an NPDES ouitfall.
System installation would require 3-4 weeks of significant disruption and over the long-term the
treatment system would require regular operational maintenance and monitoring. The treatment
system is expected to operate for 30 years.

Soils will be disposed of in accordance with RCRA Hazardous Waste generator, transporter,
treatment and disposal requirements. Air emissions will comply with State and Federa air
emissions standards. Treated groundwater requiring discharge will comply with National and
State pollution discharge elimination system requirements.
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Components of this technology include the following:

o Identify and isolate subsurface utilities that are present at the proposed trench
location.
. Install a groundwater collection trench made up of biodegradable biopolymer slurry

in the transition zone along the southeast portion of the Alcas Source Area to
intercept COCs from the upper source area.

. An air stripper will treat extracted groundwater and discharge to a NPDES outfall.

. Excavated materials from the top 35 feet will be used to refill the trench without any
need of treatment or off-site disposal, and the excavated materias below the top 35
feet will be handled and treated as hazardous waste until tested and determined to be
non-hazardous.

. Installation would be conducted in a phased approach; supplemental investigation
would be performed during the initial phase, followed by full system installation
during the final phase.

6.1.4.1 Overall Protection of Human Health and the Environment

Groundwater extraction and treatment would result in minimal exposure risks to the community,
workers, and the environment which would be managed by engineering controls and worker
training. Operation of a collection trench and groundwater treatment system would significantly
reduce the flux of Alcas Source Area COCs to the City Aquifer. This dternative would be
protective of human health and the environment by reducing the flux of COC mass to the City
Aquifer, which will decrease both the concentration at well 18M and the operationa timeframe
of the treatment system at 18M.

6.1.4.2 Compliance with ARARS
The alternative would not comply with chemical-specific ARARS for soil or groundwater as the
aternative would have minimal or no effectiveness in remediating, controlling or abating the
contamination source situated underneath the Main Building.

6.1.4.3 Long-Term Effectiveness and Per manence

Groundwater extraction and treatment of intercepted groundwater flow from the source area
would control the hydraulic gradient at the Alcas Source Area and prevent additional flux of
COCs to the City Aquifer, reducing influent concentrations at 18M. Long-term O&M of the
groundwater pump and treat system would be required. Given the very high concentrations of
residual DNAPL under the Main Building, it will take in excess of 50 years for the groundwater
collection trench to remediate the soil contamination underneath the Main Building and reduce
the flux of COCs from the residual source to be reduced to the point that natural attenuation
processes are sufficient to prevent unacceptable concentrations of COCs from reaching 18M.
The actual remediation duration for this aternative is unknown.

6.1.4.4 Reduction of Mobility, Toxicity, or Volume
The alternative will reduce the mobility, toxicity, and volume of COC in the upper water bearing
zone at the Alcas Source Area. Migration of COCs will be controlled through hydraulic
gradients, and COCs would be treated with an air stripper, which would not destroy the COCs,
but would transfer them to the atmosphere at concentrations well below unacceptable levels.
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6.1.4.5 Short-Term Effectiveness
Groundwater extraction and treatment would result in minimal exposure risks to the community,
workers, and the environment which would be managed by engineering controls and worker
training. Waste generated during the installation of extraction wells would be managed using
approved methods.

6.1.4.6 |mplementability
Implementation of this aternative is both technically and administratively feasible. The
collection trench would be installed using common trenching installation methods. The
materials and services necessary for the installation are readily available. The remedia
technology is conventional and proven to treat Alcas Source Area COCs.

6.1.4.7 Cost
Capital costs include installation of extraction trench and associated treatment system. Total
capital costs are estimated to be approximately $1,005,010 for the remediation system. O&M
costs include the O&M of the system and groundwater monitoring. Annual O&M costs are
estimated to average between $136,900 per year over 30 years. The total present value life cycle
costs of this aternative using a discount rate of 7 percent is $2,700,000. A detailed cost analysis
isincluded in Appendix A.

6.1.4.8 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 2-3 years
Implementation 30 years
Remedia Action Objectives | Greater than 30 years

6.1.5 Alternative A.5 - Groundwater Extraction and Treatment of
Intercepted Groundwater Flow from the Source Area Using Vertical or
Horizontal Extraction Wells

For the purposes of this report, a conceptua system design was developed to intercept
groundwater from the source area using vertica or horizontal extraction wells. The fina
orientation and configuration of the extraction well network would be determined during the
Remedia Design phase should this aternative be sel ected.

The conceptua vertica well system developed for this report consists of 8 vertical extraction
wells installed aong the southeast portion of the Alcas Facility. The system would operate at an
extraction rate of approximately 8 gallons per minute (gpm). The extraction wells would extend
to 40 feet deep and provide a large area of hydraulic capture. The locations of the extraction
wells are illustrated on Figure 6-5. A description of the groundwater model used to develop the
conceptual design of this aternative isincluded in Appendix B.
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The conceptual horizontal well system developed for this report consists of a horizontal
extraction well installed along the southeast portion of the Alcas Facility that would extend
beneath the Main Building. The system would operate at an extraction rate of approximately 10
gpm. The extraction well would extend 160 feet at a depth of 40 feet, providing a large area of
hydraulic capture. The location of the extraction well isillustrated on Figure 6-6. A description
of the groundwater model used to develop the conceptual design of this alternative isincluded in
Appendix B.

Extracted groundwater will be treated with an air stripper and discharged to an NPDES outfall.
System installation would require 3-4 weeks of significant disruption, and over the long-term the
treatment system would require regular operational maintenance and monitoring.

Soils will be disposed of in accordance with RCRA Hazardous Waste generator, transporter,
treatment and disposal requirements. Air emissions will comply with State and Federa air
emissions standards. Treated groundwater requiring discharge will comply with National and
State pollution discharge elimination system requirements.

Components of this technology include the following:

. Conduct Geotechnical Study of feasibility of this technology.
o Identify and isolate subsurface utilities that are present at the proposed well locations.
o Install a groundwater extraction and treatment system in the transition zone along the

southeast portion of the Alcas Facility to intercept COCs from the upper source area.

) Excavated materias below the top 35 feet will be handled and treated as hazardous
waste until tested and determined to be non-hazardous.

. An air stripper will treat extracted groundwater and discharge to an NPDES ouitfall.

) Installation would be conducted in a phased approach; supplemental investigation
would be performed during the initial phase, followed by full system installation
during the final phase.

6.1.5.1 Overall Protection of Human Health and the Environment

Groundwater extraction and treatment would result in minimal exposure risks to the community,
workers, and the environment which would be managed by engineering controls and worker
training. Operation of the extraction wells and groundwater treatment system would
significantly reduce the flux of Alcas Source Area COCs to the City Aquifer. This alternative
would be protective of human health and the environment by reducing the flux of COC mass to
the City Aquifer, which will decrease both the concentration at well 18M and the operational
timeframe of the treatment system at 18M.

6.1.5.2 Compliance with ARARS
This alternative will remove Alcas Source Area COCs in the Upper Aquitard groundwater before
they can spread to the City Aquifer but is not expected to reduce groundwater concentrations to
below regulatory standards. Therefore, this alternative will not comply with chemical-specific
ARARs for COCsin the groundwater in the Upper Aquitard.
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6.1.5.3 Long-Term Effectiveness and Per manence

Groundwater extraction and treatment of intercepted groundwater flow from the source area
would control the hydraulic gradient at the Alcas Source Area and prevent additional flux of
COCs to the City Aquifer, reducing influent concentrations at 18M. Long-term O&M of the
groundwater pump and treat system would be required. For the purpose of this report it is
assumed that it will take a minimum of 30 years for the flux of COCs from the residual source to
be reduced to the point that natural attenuation processes are sufficient to prevent unacceptable
concentrations of COCs from reaching 18M. The actual remediation duration for this alternative
might be longer.

6.1.5.4 Reduction of Mobility, Toxicity, or Volume
The alternative will reduce the mobility, toxicity, and volume of COC in the upper water bearing
zone at the Alcas Source Area. Migration of COCs will be controlled through hydraulic
gradients, and COCs would be treated with an air stripper, which would not destroy the COCs,
but would transfer them to the atmosphere at concentrations well below unacceptable levels.

6.1.5.5 Short-Term Effectiveness
Groundwater extraction and treatment would result in minimal exposure risks to the community,
workers, and the environment which would be managed by engineering controls and worker
training. Waste generated during the installation of extraction wells would be managed using
approved methods.

6.1.5.6 Implementability
Implementation of this aternative is both technically and administratively feasible. The
extraction wells would be installed using common installation techniques. The materials and
services necessary for the installation are readily available. The remedial technology is
conventional and proven to treat Alcas Source Area COCs.

6.1.5.7 Cost
Capital costs include system design, installation of extraction wells, and associated treatment
system. Tota capital costs are estimated to be between $764,757 and $963,600 for the
remediation system. O&M costs include the O&M of the system and groundwater monitoring.
Annual O&M costs are estimated to average $165,000 per year over 30 years. The total present
value life cycle costs of this alternative using a discount rate of 7 percent is between $2,810,000
and $3,010,000. A detailed cost analysisisincluded in Appendix A.

6.1.5.8 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 2-3 years
Implementation 30 years
Remedia Action Objectives | Greater than 30 years
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6.1.6 Alternative A.6 - ZVI Permeable Reactive Barrier using Fracing
Method to Treat Intercepted Groundwater Flow from the Source Area

Under the conceptual design for a ZVI PRB, approximately thirty-six frac boreholes will be
instaled in two rows in the southeast portion of the Alcas Facility. Within each borehole, an
estimated 7 fractures will be created and filled with ZVI. The fracing process generates a
minimal amount of aquifer material requiring disposal, but some residual water/guar used in the
injection mixing tanks may require off-site disposal. The effective ZV| thickness is estimated to
be only 3 inches for this aternative. Soils will be disposed of in accordance with RCRA
Hazardous Waste generator, transporter, treatment and disposal requirements. Figure 6-7 is
provided to show the configuration of this alternative.

Components of this technology include the following:

o Install approximately of 36 frac boreholes (in two rows with borehole spacing of
approximately 15 feet within each row) to a depth of 50 feet bgs.

. Within each borehole atotal of 7 fractures will be created for ZV1 emplacement, one
fractureto be initiated every 2.5 feet from 50 feet bgs to 35 feet bgs.

o Installation of up to six new monitoring wells for performance monitoring

. To limit potential hazards associated with fracing and potential spreading of
contaminants to the City Aquifer, the depth of the fracing borehole will be limited to
no closer than 3 feet from the City Aquifer transition zone.

6.1.6.1 Overall Protection of Human Health and the Environment

Implementation of this alternative would result in minimal exposure risk to the community,
workers, and the environment. This aternative will comply with chemical-specific ARARs for
COCs in the groundwater in the Upper Aquitard by providing actual in-situ treatment. The
treatment will result in irreversible dechlorination of Alcas Source Area COCs that would reduce
the contaminant volume in the Upper Aquitard and prevent mobility to the Upper City Aquifer.
Groundwater monitoring would be used to assess achievement of RAOs. This aternative would
be protective of human health and the environment by reducing the flux of COC mass to the City
Aquifer, which will decrease both the concentration at well 18M and the operationa timeframe
of the treatment system at 18M.

6.1.6.2 Compliance with ARARS

The alternative would not comply with chemical-specific ARARS for soil or groundwater as the
aternative would have minimal or no effectiveness in remediating, controlling or abating the
contamination source situated underneath the Main Building. Aslong as the source area persists
underneath the Main Building, RAOs would likely never be achieved. As soon as this
aternative is removed or the ZV1 was exhausted, groundwater concentrations would rebound to
pre-remedia action levels given the remaining source area. This aternative will not lead to
achievement of MCLs in groundwater.

6.1.6.3 Long-Term Effectiveness and Per manence
TCE has been shown to be reduced by ZVI, provided that sufficient contaminant residence time
is alowed through the iron barrier (EPA/600/F-97/008 July 1997). In recent studies conducted
by Nava Facilities Engineering Service Center (NFESC), the longevity of ZV1 PRBs were found
to be performing as designed with a predicted performance duration of at least 30 years. The
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NFESC study found that the longevity of the reactivity of the iron deteriorates progressively with
exposure to groundwater and there is a potential of decreasing permeability through the wall due
to precipitation over time (Battelle, 2002).

The release of soluble iron into the groundwater would not impact wellhead treatment at 18M
and/or 37/38M, as increased iron concentrations typically do not extend more than a few feet
down gradient of the PRB except in low pH conditions.

6.1.6.4 Reduction of Mobility, Toxicity, or Volume
This dternative would provide actua in-situ COC treatment resulting in irreversible
dechlorination of Alcas Source Area COCs that would result in reducing the contaminant volume
in the Upper Aquitard and reduce mobility to the City Aquifer. This alternative does not transfer
COCsto other media

6.1.6.5 Short-Term Effectiveness
Implementation of this alternative would result in minimal exposure risk to the community,
workers, and the environment which would be managed by worker training. There is minimal
potential for cross-media contamination as contaminants are treated in-situ and not brought to the
surface. Waste generated during the installation of frac boreholes and additional monitoring
wells would be managed using approved methods.

6.1.6.6 | mplementability
Installing ZVI filled frac boreholes would be technically feasible. No administrative
implementation obstacles are expected. The materials and services necessary for the installation
of frac boreholes and for the injection of the ZV1 dlurry are readily available. It is estimated that
this alternative can be implemented within 5 years at which time groundwater monitoring can
begin. The duration of groundwater monitoring will be determined during the Remedial Design
phase.

6.1.6.7 Cost

The periodic monitoring of performance-monitoring wells, initial disposal of excavated borehole
soil, and comparably low O&M costs compared to other technologies has contributed to a
relative low cost for this technology. Total capital costs are estimated to be approximately
$1,018,373. Annua O&M costs are estimated to average $14,730 per year over years 1 through
8. The tota periodic cost is estimated to be $22,035 for monitoring well abandonment when
RAOs are achieved. The total present value life cycle costs of this alternative using a discount
rate of 7 percent is $1,200,000. A detailed cost analysisisincluded in Appendix A.

6.1.6.8 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 1-2 years
Implementation 3-5 years
Remedia Action Objectives | Greater than 30 years
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6.1.7 Alternative A.7 - Barrier Wall Containment to Prevent Impacted
Groundwater from the Upper Aquitard from Migration to the City Aquifer

For the purposes of this report, a conceptual system design was developed. A Remedial Design
document would be developed and approved should this aternative be selected. Horizontal
boreholes will be instaled beneath the Main Building and filled with bentonite slurry. The
horizontal boreholes would be installed with zero to minimal spacing between wells. An L-
shaped containment trench is installed downgradient of horizontal groundwater flow and filled
with bentonite slurry. The trench is positioned around the source area beneath the Main
Building. System installation would require 3-4 weeks of significant disruption. Soils will be
disposed of in accordance with RCRA Hazardous Waste generator, transporter, treatment and
disposal requirements. Figure 6-8 is provided to show the location of this alternative.

Components of this technology include the following:
. Identify and isolate subsurface utilities that are present at the proposed trench
location.
o An L-shaped containment trench is installed down to the Upper Aquitard, positioned
downgradient of groundwater flow around the Main Building.
. Horizontal boreholes filled with bentonite will be installed beneath the Main Building
to prevent vertical groundwater flow.

. The trench and horizontal wells will be filled with bentonite slurry to contain the
source area beneath the Main Building.
o Installation would be conducted in a phased approach; supplemental investigation

would be performed during the initial phase, followed by full system installation
during the final phase.

6.1.7.1 Overall Protection of Human Health and the Environment
Implementation of this alternative would result in minimal exposure risks to the community,
workers, and the environment which would be managed by engineering controls and worker
training. If constructed successfully, this aternative would be protective of human health and
the environment by preventing groundwater migration from the source area, thereby decreasing
both the concentration of COCs, and the operational timeframe at 18M.

6.1.7.2 Compliance with ARARS
The alternative would not comply with chemical-specific ARARS for soil or groundwater as the
alternative would have minimal or no effectiveness in remediating, controlling or abating the
contamination source situated underneath the Main Building.

6.1.7.3 Long-Term Effectiveness and Per manence
If constructed successfully, this alternative would prevent the migration of Alcas Source Area
COCs from the residual source area to the City Aquifer. However, no guarantee can be given to
the precision of constructing horizontal wells with minimal spacing. Thus, due to difficulty with
installation, the degree of certainty in constructing a successful bottom barrier is low. Impact to
municipa wellhead treatment at 18M or 37/38M is not expected.
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6.1.7.4 Reduction of Mobility, Toxicity, or Volume
Provided that the bottom barrier is constructed successfully, the bentonite filled trench and
horizontal wells will create a barrier around the source area beneath the Main Building,
preventing the migration of dissolved phase COCs to the upper water bearing zone and the
underlying City Aquifer. No reduction in toxicity or volume is expected.

6.1.7.5 Short-Term Effectiveness
Implementation of this alternative would result in minimal exposure risks to the community,
workers, and the environment which would be managed by engineering controls and worker
training. Waste generated during the installation of barrier wall would be managed using
approved methods.

6.1.7.6 Implementability

The dternative is administratively feasible. The technical implementability of this aternative
relies solely on the instalation of horizontal wells beneath the Main Building with minimal
gpacing between boreholes to effectively construct bottom containment. The services and
material necessary to construct horizontal wells are readily available but the required precision to
reduce spacing between boreholes to properly construct the bottom barrier is not easily
accomplished. Thus, no guarantee can be given to the successful construction of a bottom
barrier. The installation of the trench and horizontal wells would require at a minimum, 6-8
weeks of construction, causing significant disruption to the operations at the existing Cutco
Corporation facility.

6.1.7.7 Cost
Capital costs include system design, instalation of horizontal boreholes, and installation of
bentonite slurry trench. Total capital costs are estimated to be approximately $7,352,067 for the
remediation system. O&M costs include the groundwater monitoring. Annual O&M costs are
estimated to average $30,565 per year over 30 years. The total present value life cycle costs of
this aternative using a discount rate of 7 percent is $7,730,000. A detailed cost analysis is
included in Appendix A.

6.1.7.8 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 1-2 years
Implementation 30 years
Remedia Action Objectives Does not meet

6.1.8 Alternative A.8 - Multiple ZVI Treatment Zones using Fracing Method
to Treat the Source Areas beneath the Main Building

Under the conceptual design for ZV1 treatment zones, approximately thirty-seven frac boreholes

will be installed in multiple rows in the source area under the Main Building. Within each

borehole, 8 fractures will be created and filled with ZVI. The effective ZVI thickness is

estimated to be only 3 inches for this aternative. The fracing process generates a minimal
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amount of aguifer material requiring disposal, but some residua water/guar used in the injection
mixing tanks may require off-site disposal. Soils will be disposed of in accordance with RCRA
Hazardous Waste generator, transporter, treatment and disposal requirements.

Components of this technology include the following:

. Identify and isolate subsurface utilities that are present at the proposed trench
location.
o Install approximately 37 frac boreholes (in multiple rows with borehole spacing of

approximately 20 feet within each row) to a depth of 28 feet bgs.
. Excavated materias below the top 35 feet will be handled and treated as hazardous
waste until tested and determined to be non-hazardous.

o Within each borehole a total of 8 fractures will be created for ZVI emplacement, one
fractureto be initiated every 2.5 feet from 25.5 feet bgs to 8 feet bgs.
o No new monitoring wells required for performance monitoring.

6.1.8.1 Overall Protection of Human Health and the Environment

Implementation of this alternative would result in minimal exposure risk to the community,
workers, and the environment. This aternative will comply with chemical-specific ARARSs for
COCs in the saturated zone beneath the Main Building by providing actual in-situ contaminant
treatment. The treatment will result in irreversible dechlorination of Alcas Source Area COCs
that would reduce the contaminant volume underneath the Main Building and prevent mobility to
the upper aquitard. Groundwater monitoring would be used to assess achievement of RAOs.
This dternative would be protective of human health and the environment by reducing COC
mass and flux from the source area, thereby decreasing both the concentration of COCs and the
operational timeframe at 18M.

6.1.8.2 Compliance with ARARS
This aternative will comply with chemical-specific ARARs for COCs in the saturated zone
beneath the Main Building by dechlorinating Alcas Source Area COCs before they can spread in
the Upper Aquitard.

6.1.8.3 Long-Term Effectiveness and Per manence

TCE has been shown to be reduced by ZVI, provided that sufficient contaminant residence time
is alowed through the iron barrier (EPA/600/F-97/008 July 1997). In recent studies conducted
by Naval Facilities Engineering Service Center, the longevity of ZVI PRBs were found to be
performing as designed with a predicted performance duration of at least 30 years. The NFESC
study found that the longevity of the reactivity of the iron deteriorates progressively with
exposure to groundwater however, because it is arelatively new technology, thereis limited field
data documenting potential 1oss of permeability due to precipitation (Battelle, 2002).

The release of soluble iron into the groundwater would not impact wellhead treatment at 18M
and/or 37/38M, as increased iron concentrations typically do not extend more than a few feet
down gradient of the PRB except in low pH conditions.

The timeframe for completion and attainment of RAOs cannot accurately be determined since
the exact quantity of contaminant underneath the Main Building is unknown.
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6.1.8.4 Reduction of Mobility, Toxicity, or Volume
This dternative would provide actua in-situ COC treatment resulting in irreversible
dechlorination of Alcas Source Area COCs that would result in reducing the contaminant volume
underneath the Main Building and mobility to the upper aquitard. This aternative does not
transfer COCs to other media.

6.1.8.5 Short-Term Effectiveness
Implementation of this alternative would result in minimal exposure risk to the community,
workers, and the environment which would be managed by worker training. There is minimal
potential for cross-media contamination as contaminants are treated in-situ and not brought to the
surface. Waste generated during the installation of frac boreholes would be managed using
approved methods.

6.1.8.6 Implementability
Treating the residual sources in the Upper Aquitard by installing ZV1 filled frac boreholes would
be technically feasible; however, accessibility of drilling equipment inside the Main Buildingisa
limiting factor. The time and access required to implement this aternative under the Main
Building would likely be quite disruptive to operations at the existing Cutco Corporation facility.
No administrative implementation obstacles are expected. The materias and services necessary
for the installation of frac boreholes and for the injection of the ZVI slurry are readily available.

6.1.8.7 Cost

The periodic monitoring of performance-monitoring wells, initial disposal of excavated borehole
soil, and comparably low O&M costs compared to other technologies has contributed to a
relatively low cost for this technology. Capital costs include system design and injection of ZV1.
The total capital costs are estimated to be approximately $1,201,269. There are no further
actions to be implemented and therefore, no O&M costs. A Remedia Action Completion Report
will be prepared at the end of the 30" year at $22,000. The total present value cost is estimated
to be $1,200,000. A detailed cost analysisisincluded in Appendix A.

6.1.8.8 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 1-2 years
Implementation 3-5 years
Remedia Action Objectives 30 years

6.1.9 Alternative A.9a - ISCO using Activated Persulfate

As part of the conceptual design for 1ISCO using activated persulfate, approximately eight (8)
injection wells will be installed within the Main Building and adjacent to the southern portion of
the Main Building at the source area. The injection wells will be used to deliver a solution of
alkaline-activated sodium persulfate to the UWBZ beneath the Main Building to treat the
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residual source area. Soils and water generated during well installation will be disposed of in
accordance with RCRA Hazardous Waste generator, transporter, treatment and disposal
requirements.

The conceptual design includes the following components:

. Installation of injection wells within the source area adjacent to and beneath the Main
Building.

o Three injection events with activated sodium persulfate over a period of up to 5 years.

o Installation of additional new monitoring wells for performance monitoring. A

monitoring well network will be developed during the Remedial Design phase but for
the purposes of developing a cost estimate for this aternative, 3 new monitoring wells
were used.

A conceptua layout of the ISCO design is included as Figure 6-9. A pilot study utilizing
activated sodium persulfate was completed at the Alcas Source Area as part of this FFS. The
report summarizing the pilot study results is presented in Appendix C. Injection locations on
Figure 6-9 are based both on the distribution of sodium persulfate observed in the pilot study,
and on the constraints imposed by the operating equipment within the Main Building. The pilot
test suggested that amendments could be reliably distributed to an effective radius of at least 5 to
10 feet. The conceptual design will be updated, if necessary, based on additional data collected
during the Remedia Design phase.

This alternative al so includes the following components:

e Long-term monitoring of the VOC contamination transformation resulting from the ISCO
injections and the attenuation processes to ensure that the groundwater quality improves
until the cleanup levels are achieved.

e Groundwater sampling would also monitor degradation by-products generated by the
treatment processes to ensure that drinking water quality standards are met at the nearby
municipa water supply well 18M.

e |Ingtitutional controls in the form of proprietary controls, such as deed restrictions for
groundwater and soil use, existing governmental controls, such as well permit
requirements, and informational devices, such as publishing advisories in loca
newspapers and issuing advisory letters to loca governmental agencies regarding
groundwater use in the impacted area.

e A Site Management Plan ("SMP') would be developed to provide for the proper
management of the Alcas Source Area remedy post-construction, such as through the use
of institutional controls until RAOs are met, and will also include long-term groundwater
monitoring, periodic reviews and certifications. Until the RAOs are achieved, the SMP
would also provide for the proper management of any contaminated unsaturated soils
remaining beneath the concrete slab of the building.

6.1.9.1 Overall Protection of Human Health and the Environment
This alternative would be protective of human health and the environment. Protectiveness under
this aternative requires a combination of actively reducing contaminant concentrations and
limiting exposure to residual contaminants through institutional controls until RAOs are met.
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6.1.9.2 Compliance with ARARS
This alternative will comply with chemical-, location-, and action-specific ARARS.

6.1.9.3 Long-Term Effectiveness and Per manence
Long-term effectiveness and permanence would be achieved using the ISCO alternative. The
pilot study, included as Appendix C, determined that the oxidant can oxidize dissolved phase
TCE in the groundwater and indicated that the oxidant can impact residual nonaqueous TCE.
This alternative will significantly reduce COC mass in the shallow groundwater, which will
significantly reduce the flux into the upper City Aquifer.

6.1.9.4 Reduction of Mobility, Toxicity, or Volume
This aternative would provide actual in-situ COC treatment resulting in irreversible oxidation of
Alcas Source Area COCs that would result in reducing the contaminant mass and mobility to the
upper aquitard. As much as a 50 percent reduction in TCE concentrations was observed in the
pilot study within the treatment area when compared to historical concentrations. Also the pilot
study indicated that the oxidant can oxidize a portion of the residual nonaqueous TCE. This
alternative does not transfer COCs to other media.

6.1.9.5 Short-Term Effectiveness

This aternative may have potential short-term impacts to the community, workers, and the
environment which would be managed by engineering controls and worker training. Measures
would be implemented to mitigate potential impacts to workers and the community through the
use of personnel protective equipment and standard health and safety practices. Some potential
for volatilization of COCs exists due to the exothermic nature of the chemical oxidation reaction.
While thisis not expected to be a significant concern, indoor air monitoring should be considered
during injections if this alternative is selected. Waste generated during the injection of oxidants
would be managed using approved methods. In addition, the proximity of well 18M isalimiting
factor for in situ treatment technologies employing injection of treatment reagents. Such
injections must be implemented such that no detrimental impact to well 18M water quality is
realized.

6.1.9.6 Implementability

Treating the sources underneath the Main Building by injecting activated persulfate would be
technically feasible; however, accessibility of drilling equipment inside the Main Building is a
limiting factor. No administrative implementation obstacles are expected. The materials and
services necessary for the installation of injection wells and for the injection of the chemical
oxidant are readily available. The well installation and injection activities can be sequenced in a
manner that will alow for minimal disruption to manufacturing activities at the existing Cutco
Corporation facility. Additionally, injection lines to a mgjority of the wells inside the Main
Building can be trenched in place to alow for injection to occur without disruption of existing
Cutco Corporation facility operations.

The effectiveness of the ISCO will be controlled by the ability to distribute the oxidant in the
subsurface. The challenge distribution presents was demonstrated during the pilot test.
However, through injection of sufficient oxidant volumes at locations spaced throughout the
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source area, distribution of chemical oxidant in the subsurface can be achieved at the Alcas
Source Area.

6.1.9.7 Cost

Capital costs include injection system design, installation of injection and monitoring wells and
injection infrastructure, and injection of activated persulfate solution. Total capital costs are
estimated to be approximately $484,000 for the remediation system, including two full-scale
injection events completed during Year 0. Periodic costs include the injection of persulfate
solution after the first year of implementation and well maintenance. Tota periodic costs are
estimated to $299,000. Total monitoring costs are estimated to be $422,000. Annual O&M costs
are estimated to average $82,994 per year over years 1 through 6. The total present value life
cycle costs of this aternative using a discount rate of 7 percent is $1,101,000. A detailed cost
anaysisisincluded in Appendix A.

6.1.9.8 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 1-2 years
Implementation 3-5 years
Remedia Action Objectives 20 years
6.1.10 Alternative A.9b - ISCO using Activated Persulfate with

Excavation

This aternative includes the remedial measures included in Section 6.1.9 above (ISCO using
activated persulfate), and adds excavation of what is estimated to be approximately 70 cubic
yards of soilsif, subsequent to treatment with ISCO, soils remain beneath or adjacent to the main
building at the Alcas facility at concentrations that are impacting the ability to achieve the
groundwater RAOs using ISCO aone, and if and when a determination is made that it is not
inappropriate to access the materia based upon factors including the use of the building.
Excavation would remove remaining contaminated soils serving as a source materia to the
groundwater contamination of the upper aquifer.

This alternative al so includes the following components:

e Long-term monitoring of the VOC contamination transformation resulting from the ISCO
injections and the attenuation processes to ensure that the groundwater quality improves
until the cleanup levels are achieved.

e Groundwater sampling would also monitor degradation by-products generated by the
treatment processes to ensure that drinking water quality standards are met at the nearby
municipa water supply well 18M.

e Ingtitutional controls in the form of proprietary controls, such as deed restrictions for
groundwater and soil use, existing governmental controls, such as well permit
requirements, and informational devices, such as publishing advisories in loca
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newspapers and issuing advisory letters to loca governmental agencies regarding
groundwater use in the impacted area.

e A Site Management Plan ("SMP") would be developed to provide for the proper
management of the Alcas Source Area remedy post-construction, such as through the use
of institutional controls until RAOs are met, and will also include long-term groundwater
monitoring, periodic reviews and certifications. Until the RAOs are achieved, the SMP
would also provide for the proper management of any contaminated unsaturated soils
remaining beneath the concrete slab of the building.

6.1.10.1  Overall Protection of Human Health and the Environment
This aternative would be protective of human health and the environment. Protectiveness under
this aternative requires a combination of actively reducing contaminant concentrations and
limiting exposure to residual contaminants through institutional controls until RAOs are met.

6.1.10.2 Compliancewith ARARs
This aternative would comply with chemical-, location, and action-specific ARARs. Excavation
would be conducted only after efforts to remediate using 1ISCO with persulfate no longer
demonstrate an ability to reduce VOC to concentrations that no longer impact the City Aquifer
and such excavation is feasible. Excavation of contaminated soils could be performed at any time
during implementation of ISCO, if it is determined that accessibility is no longer an issue and the
soil excavation would reduce the time frame to meet the RAOs.

6.1.10.3  Long-Term Effectiveness and Per manence
This aternative would achieve long-term effectiveness and permanence. Excavation activities, if
necessary could be performed thereby eiminating additional contaminated soils. Off-site
treatment/disposal of the contaminated soil at a secure, permitted hazardous waste facility is
reliable because these types of facilities are designed with safeguards to secure the waste
material.

6.1.10.4  Reduction of Mobility, Toxicity, or Volume

This aternative would provide actual in-situ COC treatment resulting in irreversible oxidation of
Alcas Source Area COCs that would result in reducing the contaminant mass and mobility to the
upper aquitard. As much as a 50 percent reduction in TCE concentrations was observed in the
pilot study within the treatment area when compared to historical concentrations. Also the pilot
study indicated that the oxidant can oxidize a portion of the residual nonaqueous TCE. In
addition, if this excavation is performed, this alternative provides a reduction in the volume of
the soil contamination through removal and disposal at an approved off-site facility of some of
the contaminated soils.

6.1.10.5  Short-Term Effectiveness
This alternative may have potential short-term impacts to the community, workers, and the
environment which would be managed by engineering controls and worker training. Measures
would be implemented to mitigate potential impacts to workers and the community through the
use of personnel protective equipment and standard health and safety practices. Some potential
for volatilization of COCs exists due to the exothermic nature of the chemical oxidation reaction.
Whilethisis not expected to be a significant concern, indoor air monitoring should be considered
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during injections if this alternative is selected. Waste generated during the injection of oxidants
would be managed using approved methods. In addition, remova of contaminated soil under
this aternative presents short-term risk because of the potential for exposure associated with
excavation and transportation of contaminated soil. However, measures would be implemented
to mitigate potential impacts to workers and the community through the use of personnel
protective equipment and standard health and safety practices. Under this alternative, appropriate
transportation safety measures would be required during the shipping of the contaminated soil to
the off-site disposal facility.

6.1.10.6 I mplementability

The locations of the source material under the Main Building provide a formidable challenge for
delivery of any technology. The fact that the Main Building houses an active, large
manufacturing operation congested with large pieces of equipment which cannot be moved
further limits accessibility. Excavation has implementation challenges due to the limited
accessibility underneath the existing operating facility. Excavation activities determined to be
necessary to achieve the groundwater RAOs under this alternative requires a significant amount
of coordination given the existing manufacturing operations at the Alcas Facility. Existing
operations at the Alcas Facility would be negatively impacted by the excavation aternative as
certain areas of the building critical to the manufacturing process would need to be fully or
partially demolished. However if future operations change, or for instance if the portion of the
building overlying the contamination is no longer in use or demolished, impacts resulting from
excavation may not be significant; in fact, if the building is demolished excavation would be
more readily implementable and be more important as unsaturated soils may be more amenable
to leaching if the slab is compromised.

6.1.10.7 Cost
For cost estimating and planning purposes, 70 cubic yards of soil from a single excavation area
was assumed. In addition to the costs provided in Section 6.1.9a, total capital costs for the
excavation portion of the aternative are estimated to be approximately $190,000. There are no
periodic costs included in the conceptual design for this alternative. A detailed cost analysis is
included in Appendix A.

6.1.10.8  Phase Time Estimation
For cost-estimating and planning purposes, excavation activities would be conducted subsequent
to the implementation of the ISCO injections.

Phase Time
Construction 3- 6 months
Implementation Undetermined
Remedia Action Objectives 20 years

6.2 Detailed Analysis of Alternatives to Address Groundwater
Contamination in the Upper Aquitard on Parcel B.

Five remedial alternatives were retained for detailed analysis to reduce the dissolved phase COC
concentrations in the upper aguitard on Parcel B. The detailed analysis of the remedia
aternativesis presented in the following sections.
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6.2.1 Alternative B.1 - No Action

The following sections present a detailed analysis of conducting no action to the dissolved phase
COCs in the upper agquitard located on Parcel B. This alternative was retained to provide a
baseline for comparison to all other alternatives

6.2.1.1 Overall Protection of Human Health and the Environment
The No Action aternative does not reduce existing concentrations in groundwater or minimize
migration of COCs to the City Aquifer. However, it would not incorporate implementing
activities that would present exposure risks to the community, workers, or the environment. This
alternative does not include monitoring or institutional controls. The No Action alternative does
not achieve groundwater RAOs.

6.2.1.2 Compliance with ARARS
This alternative would not comply with chemical-, action-, or location-specific ARARS.

6.2.1.3 Long-Term Effectiveness and Per manence
No remedial action is associated with this alternative therefore, no long-term effectiveness or
permanence will be achieved.

6.2.1.4 Reduction of Mobility, Toxicity, or Volume
This action offers no reduction of toxicity, mobility, or volume through treatment.

6.2.1.5 Short-Term Effectiveness
The No Action aternative does not include any implementation activities, and thus poses no
risks to the community, workers or the environment.

6.2.1.6 Implementability
Since no remedia actions are associated with this aternative, this aternative would be
technically and administratively feasible and not cause a disruption to operations at the existing
Cutco Corporation facility. No difficulties are foreseen in regards to the availability of services
and materials.

6.2.1.7 Cost
The capital and O&M costs associated with this aternative are $0 since there are no remedial
actions associated with this aternative. The total costs for this aternative are estimated to be
approximately $0 in 2012 dollars.

6.2.1.8 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 0 years
Implementation 0 years
Remedia Action Objectives Does not meet
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6.2.2 Alternative B.2 - ISCO using Persulfate

ISCO would be implemented in select locations on Parcel B, generally targeting areas where
high concentrations of COCs have historically been observed, specifically, where concentrations
of TCE exceed 100 pg/L. 1SCO would be implemented using temporary injection to inject
oxidant into the subsurface. Three new monitoring wells will be installed to monitor the
persulfate treatment. Performance monitoring would be conducted to monitor oxidation of
COCs. Disruption will occur during the first three years when implementing the injections, but
the impact to the existing Cutco Corporation facility would be minimal. Soils will be disposed
of in accordance with RCRA Hazardous Waste generator, transporter, treatment and disposal
requirements.

Components of this technology include the following:

o Install temporary injection points (in multiple rows with borehole spacing of
approximately 40 feet within each row) to a depth of 20 feet bgs. The injection point
network will be developed during the Remedial design phase but for the purposes of
developing a cost estimate for this aternative, 13 temporary injection points were

used.
. Multiple injection events with activated persulfate.
. Install new monitoring wells for performance monitoring. A monitoring well

network will be developed during the Remedia design phase but for the purposes of
developing a cost estimate for this alternative, 3 new monitoring wells were used.

The locations of the injection points are located on Figure 6-10.

6.2.2.1 Overall Protection of Human Health and the Environment
This alternative is not expected to result in exposure risks to the community, workers, or the
environment. I1SCO using activated persulfate has been determined to adequately oxidize Alcas
Source Area COCs in a reasonable time period but it is not expected to reduce groundwater
concentrations to below MCLs. The aternative would, however, reduce COC concentrations
such that the time required for natural attenuation processes to restore groundwater will be
significantly reduced.

6.2.2.2 Compliance with ARARS
This alternative would comply with chemical-specific ARARs by oxidizing Alcas Source Area
COCs and reducing concentrations in groundwater south of the Main Building.

6.2.2.3 Long-Term Effectiveness and Per manence
Long-term effectiveness and permanence would be achieved through the ISCO alternative. The
pilot study determined that the oxidant can oxidize dissolved phase TCE in the groundwater.
This alternative will therefore decrease the timeframe for groundwater restoration by natural
attenuation processes.

The pilot test evaluated constituents evaluated as having a potential to affect water quality,
included dissolved metals and bromate. The pilot study concluded that within the treatment
zone, a temporary increase in dissolved metals concentration can be expected immediately
following oxidant injection, but that the effects are short-lived and the metals are likely to
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attenuate following depletion of the oxidant. Hexavaent chromium and bromate were not found
to be present at levels detrimental to water quality.

6.2.2.4 Reduction of Mobility, Toxicity, or Volume
This aternative would provide actual in-situ COC treatment resulting in irreversible oxidation of
Alcas Source Area COCs. The pilot study indicates that activated persulfate can be effective for
oxidizing Alcas Source Area COCs. As much as a 50 percent reduction in TCE concentrations
was observed in the pilot study within the treatment area when compared to historical
concentrations.

6.2.2.5 Short-Term Effectiveness
Implementation of this alternative would result in minimal exposure risk to the community,
workers, and the environment which would be managed by worker training. Waste generated
during the injection of electron donor would be managed using approved methods.

6.2.2.6 |mplementability
Treating the dissolved phase plume in the upper aquitard south of the Main Building by injecting
activated persulfate would be technically feasible and would have minimal impact to operations
at Cutco. No administrative implementation obstacles are expected. The materials and services
necessary for the installation of injection wells and for the injection of the chemical oxidant are
readily available.

The effectiveness of the ISCO will be controlled by the ability to distribute the oxidant in the
subsurface, and to achieve adequate mixing with dissolved TCE. The challenge distribution
presents was demonstrated during the pilot test. However, through sequenced injection of
sufficient oxidant volumes at appropriate spacing throughout the treatment area, distribution of
chemical oxidant in the subsurface can be achieved at the Alcas Source Area.

6.2.2.7 Cost
Capital costs include system design, instalation of injection wells, and waste disposal. Total
capital costs are estimated to be approximately $524,000 for the remediation system. Additional
costs include multiple rounds of injections and groundwater monitoring. Total additional costs
are estimated to $488,670. Annual O&M costs are estimated to average $81,444 per year over
years 1 through 6. Thetota present value life cycle costs of this aternative using a discount rate
of 7 percent is $1,010,000. A detailed cost analysisisincluded in Appendix A.

6.2.2.8 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 1-2 years
Implementation 3-5 years
Remedia Action Objectives 20 years
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6.2.3 Alternative B.3 - ISCO using Ozone

Under the conceptual design for ISCO using ozone, ozone gas would be injected into the upper
aquitard to treat the dissolved phase plume south of the Main Building. This aternative would
be implemented in select locations on Parcel B, generally targeting areas where higher
concentrations of COCs have historically been observed; specificaly where TCE concentrations
exceed 100 pg/L. One hundred and seventy injection points would be installed to the south of
the Main Building to a depth of 20 feet bgs. The injection points would be aligned in multiple
rows with borehole spacing of approximately 10 feet between each row. Three new monitoring
wells will be installed to monitor the ozone treatability. This alternative aso includes the
following components:

e performance monitoring would be conducted to monitor oxidation of COCs.

e Long-term monitoring of the VOC contamination transformation resulting from the ISCO
injections and the attenuation processes to ensure that the groundwater quality improves
until the cleanup levels are achieved.

e Groundwater sampling would also monitor degradation by-products generated by the
treatment processes to ensure that drinking water quality standards are met at the nearby
municipa water supply well 18M.

e Ingtitutional controls in the form of proprietary controls, such as deed restrictions for
groundwater and soil use, existing governmental controls, such as well permit
requirements, and informational devices, such as publishing advisories in loca
newspapers and issuing advisory letters to loca governmental agencies regarding
groundwater use in the impacted area.

e A Site Management Plan ("SMP') would be developed to provide for the proper
management of the Alcas Source Area remedy post-construction, such as through the use
of institutional controls until RAOs are met, and will also include long-term groundwater
monitoring, periodic reviews and certifications.

6.2.3.1 Overall Protection of Human Health and the Environment
Ozone is a powerful oxidant, stronger than persulfate or permanganate, and readily reacts with
toxic organics, including chlorinated ethenes. Significant quantities of gas are expected during
the oxidation process creating the potential for stripping of VOCs from the groundwater into
unsaturated soils at the Alcas Source Area. The off-gas generated during the stripping process
might present a potential risk to workers, via the inhalation of off-gas, and the environment, via
the spread of contaminants from the groundwater to unsaturated soils. For this reason, air
monitoring for COCs during injection operations would be an important aspect of implementing
this aternative. If safe breathing levels were exceeded, mitigation would be required, which
could include the use of respirators, or even installation of a vapor extraction system. 1SCO
using ozone would be likely to adequately oxidize Alcas Source Area COCs. Protectiveness
under this alternative requires a combination of actively reducing contaminant concentrations
and limiting exposure to residual contaminants through institutional controls until RAOs are met.

6.2.3.2 Compliance with ARARS
This alternative would comply with chemical-, location-, and action-specific ARARSs.
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6.2.3.3 Long-Term Effectiveness and Per manence

ISCO using ozone involves the introduction of ozone gas to degrade organic contaminants. The
bench scale treatability test conducted to assess the feasibility of 1SCO technology in oxidizing
dissolved phase COCs with chemical oxidants, included as Appendix D, determined that ozone
generated significant quantities of gas during the oxidation process. This proved difficult to
manage during initial bench scale testing. The test determined that approximately 5 to 10 ozone
applications were required to completely oxidize high concentrations of dissolved phase TCE.
Like most injection technologies, dissolved contaminants concentrations may rebound weeks or
months following treatment. Additional injection rounds may be required to maintain RAOs.

Once decayed, ozone leaves no taste or odor in water and thus, not expected to impact wellhead
treatment at 18M or 38/38M.

6.2.3.4 Reduction of Mobility, Toxicity, or Volume
This aternative would provide actual in-situ COC treatment resulting in irreversible oxidation of
Alcas Source Area COCs. Injecting ozone is expected to reduce VOC mass near the injection
points. However, the ozone gas is expected to cause stripping of contaminants from the
groundwater that may spread to unsaturated soils and off-gas.

6.2.3.5 Short-Term Effectiveness

The quantity of ozone gas required to remove dissolved phase contaminates is believed to have
the potential to generate stripping of VOCs from the groundwater into unsaturated soils at the
Alcas Source Area. This aternative may have potential short-term impacts to remediation
workers, the public, and the environment during implementation. Drilling activities, including
the installation of monitoring and injection wells, could produce contaminated liquids that
present some risk to remediation workers at the Alcas Source Area. However, measures would
be implemented to mitigate exposure risks through the use of personnel protective equipment
and standard health and safety practices. The off-gas generated during the stripping process
would present a potential risk to workers, via the inhaation of off-gas, and the environment, via
the spread of contaminants from the groundwater to unsaturated soils.

6.2.3.6 Implementability
The implementation of oxidant injections is technically feasible with no foreseen administrative
impediments. The injection of ozone gas is seen as problematic because of the highly
heterogeneous soils that would prevent uniform distribution of the gas. Ozone gas that does
contact COCs is expected to react rapidly, hindering ozone's ability to travel laterally, thus
creating alimited radius of influence.

The proximity of public drinking water supply well 18M to the treatment area also increases the
design challenges with ISCO using ozone. However, the proper placement of injection wells and
management of ozone gas quantities is not expected to impact the public supply wells.

6.2.3.7 Cost
Capital costs include system design, instalation of injection wells, and waste disposal. Total
capital costs are estimated to be approximately $524,000 for the remediation system. Additional
costs include multiple rounds of injections and groundwater monitoring. Total additional costs
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are estimated to $488,670. Annual O&M costs are estimated to average $81,444 per year over
years 1 through 6. The total present value life cycle costs of this alternative using a discount rate
of 7 percent is $1,010,000. A detailed cost analysisisincluded in Appendix A.

6.2.3.8 Phase Time Estimation
Phase time estimates are based on the conceptua design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 1-2 years
Implementation 3-5 years
Remedia Action Objectives 20 years

6.2.4 Alternative B.4 - Monitored Natural Attenuation

Under the conceptua design for MNA, three new monitoring wells will be installed to monitor
Alcas Source Area conditions. Following installation, eight quarterly monitoring events will be
conducted in the first two years. Assuming EPA approva to a reduction of the monitoring
frequency, annual monitoring events will be conducted for the next 28 years. Soils will be
disposed of in accordance with RCRA Hazardous Waste generator, transporter, treatment and
disposal requirements.

The results of the Monitored Natural Attenuation demonstration are included as Appendix E.

6.2.4.1 Overall Protection of Human Health and the Environment

This alterative is not expected to result in exposure risks to the community, workers, or the
environment. Given the Alcas Source Area conditions geochemistry, it will take in excess of 30
years for the MNA to remediate the groundwater to below MCLs. Other MNA mechanisms such
as dilution and dispersion are also not expected to reduce groundwater concentrations to below
MCLs if the source area persists. Monitored natural attenuation alone is not likely to reduce
Alcas Source Area COCs in a reasonable time period and thus the alternative does not comply
with chemical specific ARARs for groundwater.

6.2.4.2 Compliance with ARARS
This dternative by itself would not comply with chemical specific ARARSs because it is not
believed to reduce Alcas Source Area COCs within a reasonable time period.

6.2.4.3 Long-Term Effectiveness and Per manence
The natural attenuation evaluation determined that although evidence of biodegradation is
observed, the lack of available electron donors at the Alcas Source Area inhibits effective
degradation of Alcas Source Area COCs in a reasonable time period. Degradation byproducts
are not expected to impact wellhead treatment at municipal wells. Natural attenuation as a
remedial aternative by itself is not believed to be able of attaining Alcas Source Area-specific
remediation objectives.
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6.2.4.4 Reduction of Mobility, Toxicity, or Volume
The Natural attenuation alternative will reduce Alcas Source Area COCs toxicity and volume but
not affect mobility. The biodegradation of Alcas Source Area COCs is permanent and
irreversible. Complete degradation is expected to exceed 30 years, leaving residual COCs at
concentrations above chemical specific ARARS beyond that time.

6.2.4.5 Short-Term Effectiveness
Implementation of this alternative would result in minimal exposure risk to the community,
workers, and the environment which would be managed by worker training. Waste generated
during the installation of additiona monitoring wells would be managed using approved
methods.

6.2.4.6 Implementability
Implementation of this alternative is technically feasible, as the technology to install additional
monitoring wells and collect groundwater samples is well established. The materials and
services to necessary for the installation of additional monitoring wells and for the collection and
anaysis of groundwater samples are readily available. The installation and sampling activities
are not expected to significantly impact operations at the existing Cutco Corporation facility.

6.2.4.7 Cost
Capital costs include system design, installation of additional monitoring wells, and waste
disposal. Total capital costs are estimated to be approximately $307,000. O&M costs include
groundwater monitoring. Annual O&M costs are estimated to average $14,700 per year over 30
years. Thetotal present value life cycle costs of this alternative using a discount rate of 7 percent
is$460,000. A detailed cost analysisisincluded in Appendix A

6.2.4.8 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 0 years
Implementation 30 years
Remedia Action Objectives To Be Determined

6.2.5 Alternative B.5 - Enhanced Anaerobic Bioremediation

The Enhanced Anaerobic Bioremediation ("EAB") pilot study completed at the Alcas Source
Area (Appendix F) indicates that Alcas Source Area COCs can be effectively degraded using this
technology. Under the conceptual design for EAB, selected locations on Parcel B would be
generally targeting areas where higher concentrations of COCs have historically been observed;
specifically where TCE concentrations exceed 100 pg/L. EAB would be implemented using
temporary injection points to inject slow-release electron donor solutions into the subsurface.
Based on the pilot study, biocaugmentation will likely be necessary in order to supplement the
existing bacterial community at the Alcas Source Areain order for EAB to be effective.
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Disruption will occur periodically during the first six years when implementing the injections.
Soils will be disposed of in accordance with RCRA Hazardous Waste generator, transporter,
treatment and disposal requirements.

Components of this technology include the following:

o Install temporary injection points (in multiple rows with borehole spacing of
approximately 40 feet within each row) to depths between 10 and 40 feet bgs. The
injection point network will be developed during the Remedia design phase but for
the purposes of developing a cost estimate for this alternative, 13 temporary injection
points were used.

. Inject 100 gallons of slow-release electron donor amendment per vertical foot of
injection interval at each point.

. Assume three rounds of injection (one every two years).

. Install new monitoring wells for performance monitoring. A monitoring well

network will be developed during the Remedial design phase but for the purposes of
developing a cost estimate for this alternative, 3 new monitoring wells were used.

Figure 6-11 presents the conceptua layout of the EAB injection points. While the effective
radius of influence for each injection well is expected to be 8 to 10 feet based on the pilot test,
the use of multiple, staggered rows of injection wells allows the spacing to be doubled while till
establishing a complete treatment zone. It is expected that the large quantity of electron donor
distributed over the areaillustrated in Figure 6-11 will be sufficient to maintain strongly reducing
conditions for up to 2 years. Thisis longer than the pilot test because in that case the injection
zone was much smaller, which alowed untreated water to move through the treatment zone
much more rapidly than will be the case during a full-scale application. Performance monitoring
datawill be used to determine whether the injection layout is achieving objectives or needs to be
modified. This alternative also includes the following components:

e performance monitoring would be conducted to monitor oxidation of COCs.

e Long-term monitoring of the VOC contamination transformation and the attenuation
processes to ensure that the groundwater quality improves until the cleanup levels are
achieved.

e Groundwater sampling would also monitor degradation by-products generated by the
treatment processes to ensure that drinking water quality standards are met at the nearby
municipa water supply well 18M.

e Ingtitutional controls in the form of proprietary controls, such as deed restrictions for
groundwater and soil use, existing governmental controls, such as well permit
requirements, and informational devices, such as publishing advisories in loca
newspapers and issuing advisory letters to loca governmental agencies regarding
groundwater use in the impacted area.

e A Site Management Plan ("SMP") would be developed to provide for the proper
management of the Alcas Source Area remedy post-construction, such as through the use
of institutional controls until RAOs are met, and will also include long-term groundwater
monitoring, periodic reviews and certifications.
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6.2.5.1 Overall Protection of Human Health and the Environment
This alternative would restore groundwater quality within a reasonable timeframe. Protectiveness
under this alternatives requires a combination of actively reducing contaminant concentrations
and limiting exposure to residual contaminants through institutional controls until RAOs are met.

6.2.5.2 Compliance with ARARS
This alternative would comply with chemical-, location-, and action-specific ARARS.

6.2.5.3 Long-Term Effectiveness and Per manence
Long-term effectiveness and permanence would be achieved through an enhanced anaerobic
bioremediation treatment alternative. The pilot study determined that reductive dechlorination
conditions can be achieved through the injection of an electron donor allowing for the
biodegradation of chlorinated ethenes.

Metals become more soluble under reducing conditions and severa metals exhibited slight
increases in concentration during the pilot study. While dlight increases in dissolved metals
concentrations were observed following electron donor injection, these increases are not
expected to lead to migration of metals outside of the treatment area, as the metals become more
immobile as redox conditions become less reducing outside of the treatment area. Treatment
byproducts are not expected to impact wellhead treatment at municipa wells.

The electron donor did have a slight effect on hydraulic conductivity in the immediate vicinity of
the injection points. As the overall decrease in conductivity attributable to electron donor
injection was less than one order of magnitude, and the conductivity should increase over time as
electron donor is depleted, the long-term effect on hydraulic conductivity is not expected to be
significant.

6.2.5.4 Reduction of Mobility, Toxicity, or Volume

This aternative would provide actual in-situ COC treatment resulting in irreversible reduction of
Alcas Source Area COCs. Based on the results of the pilot study, included as Appendix F, it was
concluded that redox condition will shift in areas impacted directly by the electron donor
injection, and that the conditions are favorable for reductive dechlorination. The pilot study
determined that reductive dechlorination occurred with a reduction in TCE concentration of
approximately 95 percent and a reduction in total chloroethenes of approximately 85 percent.
The remaining chloroethene mass was predominantly composed of vinyl chloride and ethene.
This transformation would need to be monitored and managed to prevent exposure via drinking
contaminated water or inhalation through the vapor intrusion pathway. Given the 5-month
duration of the pilot study and the observation that methanogenesis was only just beginning, it is
likely that additional ethene generation will occur over the long term.

6.2.5.5 Short-Term Effectiveness
This alternative may have potential short-term impacts to remediation workers, the public, and
the environment during implementation. Drilling activities, including the installation of
monitoring and injection wells, could produce contaminated liquids that present some risk to
remediation workers at the Alcas Source Area. However, measures would be implemented to
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mitigate exposure risks through the use of personnel protective equipment and standard health
and safety practices. Methane will be generated in the subsurface during EAB. If injections are
performed under buildings, or immediately adjacent to them, periodic monitoring of air or sub-
slab soil gas should be considered to ensure concentrations do not exceed occupational safety
levels. In the case of the treatment area illustrated in Figure 6-11, the area is open and
undeveloped with no buildings that would allow for accumulation of methane or other gases, so
this will not be an issue. No difficulties are foreseen with the required quantity of the injection
material needed for this alternative, asit is nonhazardous. Waste generated during the injection
of electron donor would be managed using approved methods.

6.2.5.6 Implementability
Implementation of this alternative is technically feasible, as the technology to inject electron
donor is well established. The materials and services to necessary for the injection are readily
available. The enhanced biodegradation activities are not expected to significantly impact
operations at the existing Cutco Corporation facility.

The results of the pilot test indicate that effective electron donor distribution can be achieved
using DPT injection techniques. Due to the relatively low, but highly variable, permeability of
the aguifer formations at the Alcas Source Area, pressurized DPT injection using a top-down
approach is an effective method for distributing the electron donor bother horizontally and
vertically at the Alcas Source Area.

6.2.5.7 Cost

Capital costs include injection design, installation of temporary injection points, and initia
injection of electron donor. Total capital costs are estimated to be approximately $294,000 for
the implementation, first electron donor injection, and bicaugmentation. Periodic costs include
two subsequent electron donor injection events and maintenance. Total periodic costs are
estimated to be $348,000. Monitoring costs are estimated to be $649,000. Annua O&M costs
are estimated to average $101,000 per year during years 1 through 8. The total present value life
cycle costs of this aternative using a discount rate of 7 percent is $1,103,000. A detailed cost
anaysisisincluded in Appendix A.

6.2.5.8 Phase Time Estimation
Phase time estimates are based on the conceptual design, current conditions, and available
technologies, and are subject to change.

Phase Time
Construction 1-2 years
Implementation 3-5 years
Remedia Action Objectives 30 years
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7.0 Comparative Analysis of Alternatives

This section will present a comparative analysis of alternatives address soil and groundwater
contamination at the Alcas Facility and Parcel B. The analysis will compare the relative
performance of each aternative in relation to each specific evauation criterion. This anaysis
will identify the advantages and disadvantages of each aternative relative to one another so that
the key tradeoffs can be identified. The USEPA has categorized the nine evaluation criteriainto
three groups, which have varying levels of importance in the selection of the remedial
aternative.

e Threshold Criteria — Overall protection of human health and the environment and
compliance with ARARs are threshold requirements that each aternative must meet in
order to be éligible for selection.

e Balancing Criteria — The five primary balancing criteria are long-term effectiveness and
permanence; reduction of toxicity, mobility, or volume through treatment; short-term
effectiveness, Implementability; and cost. The alternative that is protective of human
health and the environment, complies with ARARs, and affords the most favorable
balancing criteriawill be identified as the preferred remedia aternative.

e Modifying Criteria— State and community acceptance are modifying criteria that shall be
considered in the remedy selection. State and community acceptance will be addressed
after comments to this FFS Report are received.

71  Comparative Analysis of Alternatives for the Alcas Facility

This section provides a comparative analysis of the expected performances of each alternative to
identify the most suitable alternative to minimizing the migration of COCs from the Alcas
Source Areato the City Aquifer

7.1.1 Overall Protection of Human Health and the Environment

Each alternative, with the exception of the No Action alternative, provides protection of human
health and the environment and achieves some measure of the RAOs. The means of achieving
protection is somewhat different for each alternative. Alternative A.4 (Groundwater Extraction
via Trench) and Alternative A.5 (Groundwater Extraction via Wells) provide protection by
intercepting COCs before they reach the City Aquifer. The degree of containment is high, but
the mass removal is low. Alternative A.9 (ISCO with Activated Persulfate) provides protection
by decreasing mass to a much larger extent, which will in turn reduce mass flux of COCs to the
City Aquifer. Similarly, Alternative A.9b (ISCO with Activated Persulfate) and excavation
provides protection by actively reducing contaminant concentrations and limiting exposure to
residual contaminants through institutional controls until RAOs are met. The degree of mass
reduction is high, but the degree of containment is potentially somewhat lower. Alternative A.6
(ZV1 PRB) and Alternative A.8 (ZVI1 Treatment Zones) provide somewhat greater containment
than Alternative A.9 (ISCO with Activated Persulfate), but less mass reduction. Alternative A.3
(VER), Alternative A.7 (Barrier Wall), and Alternative A.2 (Excavation) provide the least
containment and mass reduction of the alternatives.
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7.1.2 Compliance with ARARs

Only three alternatives, Alternative A.8 (ZVI1 Treatment Zones), Alternative A.9a (ISCO with
Activated Persulfate) and Alternative A.9b (1SCO with Activated Persulfate and Excavation) will
comply with chemical-specific ARARs for COCs in the saturated zone beneath the Main
Building by oxidizing or dechlorinating Alcas Source Area COCs before they can spread in the
Upper Aquitard. The remainder of aternatives would not comply with chemical-specific
ARARSs for soil or groundwater as the alternatives would have minimal or no effectiveness in
remediating, controlling or abating the contamination source situated underneath the Main
Building.

7.1.3 Long-Term Effectiveness and Permanence

The long-term effectiveness and permanence is similar for Alternative A.4 (Groundwater
Extraction via Trench), Alternative A.5 (Groundwater Extraction via Wells)and Alternative A.9
(ISCO with Activated Persulfate), although differences exist. In the case of Alternative A.4
(Groundwater Extraction via Trench) and Alternative A.5 (Groundwater Extraction via Wells),
the alternatives are well understood and proven to provide hydraulic containment, and the
systems can be maintained for decades with periodic maintenance. However, the residual COC
mass left in place is much higher for Alternative A.4 (Groundwater Extraction via Trench) and
Alternative A.5 (Groundwater Extraction via Wells) than for Alternative A.9a (ISCO with
Activated Persulfate), which provides a permanent reduction in residual COC mass, but perhaps
less certainty with respect to the immediate COC flux reduction. Alternative A.9b (ISCO with
Activated Persulfate and Excavation) could potentially provide the highest degree of long-term
effectiveness and permanence since additional excavation activities could be performed in the
future, if necessary.

Alternative A.8 (ZVI1 Treatment Zones) follows Alternative A.4 (Groundwater Extraction via
Trench), Alternative A.5 (Groundwater Extraction via Wells) and Alternative A.9 (ISCO with
Activated Persulfate) for this criterion. This alternative provides less certainty regarding mass
flux reduction than groundwater extraction, and less mass reduction (i.e., more residual COC
mass) than Alternative A.9 (ISCO with Activated Persulfate), though it provides both. The
Alternative A.6 (ZVI PRB) would be next as again, the certainty of containment is less than for
groundwater extraction, but the mass removal would likely be similar.

Alternative A.7 (Barrier Wall) would provide long-term effectiveness if constructed successfully.
However, since certainty of successfully constructing the barrier is low, and residual COC mass
is high, the alternative does not provide a high degree of certainty for long-term effectiveness.
Alternative A.2 (Excavation) and Alternative A.3 (VER) have the least long-term effectiveness
due to the residual risk from remaining, unexcavated or untreated soil impacts underneath the
Main Building and the lack of flux reduction.

7.1.4 Reduction of Mobility, Toxicity, or Volume

Alternative A.9b (ISCO with Activated Persulfate and Excavation) in and around the Main
Building would provide the largest reduction of constituent mass, mobility, and toxicity,
followed by Alternative A.9a (ISCO with Activated Persulfate) and the Alternative A.8 (ZVI1
Treatment Zones). Alternative A.4 (Groundwater Extraction via Trench), Alternative A.5
(Groundwater Extraction via Wells) and Alternative A.6 (ZV1 PRB) would aso reduce
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contaminant mobility, but will have less of an impact on mass and toxicity due to the residual
source material underneath the Main Building. In addition, Alternative A.4 (Groundwater
Extraction via Trench) and Alternative A.5 (Groundwater Extraction via Wells) does not provide
COC destruction, but instead transfers them to the atmosphere, abeit at levels below regulatory
limits. Alternative A.7 (Barrier Wall) will prevent mobility but will not reduce mass or toxicity.
Alternative A.2 (Excavation) is not expected to significantly reduce mobility, toxicity or volume.
Alternative A.3 (VER) will likely remove some mass but has the potential to increase mobility of
COC to the City Aquifer if upwelling occurs.

7.1.5 Short-Term Effectiveness

The implementation of each alternative analyzed would result in minimal exposure risks to the
community, workers, and the environment. These risks would be limited through engineering
controls and worker training.

7.1.6 Implementability

Alternative A.3 (VER), Alternative A.4 (Groundwater Extraction via Trench) and Alternative
A.5 (Groundwater Extraction via Wells), Alternative A.6 (ZVI PRB), Alternative A.9 (ISCO
with Activated Persulfate) and Alternative A.2 (Excavation) are technically and administratively
feasible. However, the groundwater extraction and treatment alternatives would result in the
most risk through the continuous operation of a treatment system that is susceptible to potential
malfunctions and shut-downs. The services and material necessary to implement each
alternative discussed are readily available. More care will be required when working within the
existing Cutco Corporation facility to access the source material underneath the Main Building.
For this reason, Alternative A.8 (ZV1 Treatment Zones) is not likely implementable. Alternative
A.7 (Barrier Wall) is the most difficult to implement as a great deal of precision will be required
to construct the bottom barrier. The level of detall for the bottom barrier extends well beyond
the ordinary requirements for a horizontal well instalation. Alternative A.9b (ISCO with
Activated Persulfate) and excavation has implementation challenges due to the limited
accessibility underneath the existing operating facility. Excavation activities determined to be
necessary to achieve the groundwater RAOs under this aternative would require a significant
amount of coordination given the existing manufacturing operations at the Alcas Facility.
Existing operations at the Alcas Facility would be negatively impacted by the excavation
alternative as certain areas of the building critical to the manufacturing process would need to be
fully or partially demolished. However if future operations change, or for instance if the portion
of the building overlying the contamination is no longer in use or demolished, impacts resulting
from excavation may not be significant; in fact, if the building is demolished excavation would
be more readily implementable and be more important as unsaturated soils may be more
amenable to leaching if the slab is compromised.

7.1.7 Costs

The No Action alternative with no cost is the most economical option. Alternative A.2
(Excavation) is the next most economical at an estimated present value cost of $309,000.
Alternative A.3 (VER), Alternative A.6 (ZVI PRB), Alternative A.9a (ISCO with Activated
Persulfate) and Alternative A.9b (ISCO with Activated Persulfate with Excavation) are all
estimated to have relatively similar costs, between $1 and 1.5 million. The construction of
Alternative A.7 (Barrier Wall) and installation of multiple horizontal boreholes to construct the
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bottom barrier makes the barrier wall alternative the most expensive alternatives at an estimated
present worth value of $7,730,000. Alternative A.4 (Groundwater Extraction via Trench) and
Alternative A.5 (Groundwater Extraction via Wells) have a costs range between 2.8 and 3.2
million due to the costs associated with operating the treatment system. The least expensive of
the three extraction aternatives is by Alternative A.4 (Groundwater Extraction via Trench),
followed by Alternative A.5 (Groundwater Extraction via Wells) by vertical wells, and then
Alternative A.5 (Groundwater Extraction via Wells) by horizontal wells.

72 Comparative Analysis of Alternatives for Parcel B

This section provides a comparative anaysis of the expected performances of each alternative to
identify the most suitable alternative to reduce the dissolved phase COC Concentrations in the
upper aquitard south of the Alcas Source Area.

7.2.1 Overall Protection of Human Health and the Environment

As no exposure pathways currently exist, al of the aternatives are protective of human health
and the environment. Alternative B.2 (ISCO using Persulfate) and Alternative B.4 (EAB) could
achieve the RAO through destruction and degradation of Alcas Source Area COCs. Alternative
B.3 (ISCO using Ozone) would oxidize constituent mass in the subsurface and achieve the RAO
but would lead to the generation of off-gas that would present a potential risk to workers and the
environment. Alternative B.5 (MNA) alone is not expected to reduce contaminants within a
reasonable time period. However, used in conjunction with Alternative B.4 (EAB) and
potentialy the ISCO aternatives, Alternative B.5 (MNA) may prove successful.

7.2.2 Compliance with ARARs

Each of the aternatives, with the exception of No Action, would attain ARARs in the long-term.
Thetimeframe for Alternative B.5 (MNA) on its own to achieve ARARs might not be acceptable
however.

7.2.3 Long-Term Effectiveness and Permanence

Long-term effectiveness and permanence would be achieved by both Alternative B.4 (EAB) and
Alternative B.2 (ISCO using Persulfate). However, Alternative B.4 (EAB) will likely reduce
long-term risk more than Alternative B.2 (ISCO using Persulfate). Alternative B.4 (EAB) will
create a bacterial community that will continue to degrade COCs for some time after active
treatment, providing more long-term COC destruction and facilitating attenuation processes that
will reduce the overall cleanup timeframe. Alternative B.3 (ISCO using Ozone) provides less
certainty than either of these alternatives regarding effectiveness.

7.2.4 Reduction of Mobility, Toxicity, or Volume

Alternative B.2 (ISCO using Persulfate), Alternative B.3 (ISCO using Ozone), and Alternative
B.4 (EAB) would reduce constituent mass through in situ destruction and prevent the further
migration of COCs. Alternative B.4 (EAB) is estimated to achieve a higher reduction in
constituent mass than Alternative B.2 (ISCO using Persulfate) and Alternative B.3 (ISCO using
Ozone). Alternative B.5 (MNA) aone is not expected to reduce contaminants within a
reasonabl e time period.
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7.2.5 Short-Term Effectiveness

Alternative B.2 (ISCO using Persulfate)and Alternative B.4 (EAB) would result in minimal
exposure risk to the community and the environment. Both aternatives require similar remedial
actions to implement and have limited O&M activities, however, handling of chemical oxidants
does pose more risk to workers. In particular the use of ozone may require air monitoring for
COCs during injection operations. If safe breathing levels were exceeded, mitigation would be
required, which could include the use of respirators, or even installation of a vapor extraction
system. Alternative B.5 (MNA) would also be highly rated in this category. Alternative B.3
(ISCO using Ozone) is the lowest rated for short-term effectiveness because its implementation
would have the most risk.

7.2.6 Implementability

Alternative B.4 (EAB) and Alternative B.2 (ISCO using Persulfate) are technically and
administratively feasible. Both alternatives require similar remedia actions to implement and
have limited O&M activities. Limited separation exists between the two alternatives with regard
to implementability. Alternative B.5 (MNA) is also straightforward to implement. Alternative
B.3 (ISCO using Ozone) has the most implementation challenges.

7.2.7 Cost

Alternative B.2 (ISCO using Persulfate) and Alternative B.3 (ISCO using Ozone) have an
estimated present value total cost of $1,010,000. Alternative B.4 (EAB) has an estimate present
valuetotal cost of $1,103,000 and Alternative B.5 (MNA) has the lowest estimated present value
cost of $460,000.
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Appendix A
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Excavation Cost Estimate Summary

Alcas Facility - Olean, NY

Item No. ltem Description Quantity[ Unit Cost Unit Extension
CAPITAL COSTS
1.Management, Design, and Planning
Project Management and Engineering Support 1 $ 36,635 LS $ 36,635
System Design 1 $ - LS $ -
Remediation Plans and Regulatory Approval 1 $ 31,096 LS $ 31,096
Permitting 1 $ 6,240 LS $ 6,240
Total Management, Design, and Planning Costs $ 73,971
2. Supplemental Investigation / Phased | mplementation
Total Transition Zone investigation/Phased Implementation Costs 1 $ - LS $ -
3. Ssytem Installation
3a Excavation of Shallow Soils 1 $ 195,000 LS $ 195,000
1 $ - LS $ -
1 $ - LS $ -
Total System Installation Costs $ 195,000
SUBTOTAL CAPITAL COSTS $ 268,971
4. Overhead and Profit (15%) $ 40,346
TOTAL CAPITAL COST $ 309,317
OPERATION, MONITORING, & MAINTENANCE (OM&M) COSTS
5a. Project Management 1 $ - LS $ -
5h. Groundwater Monitoring 1 $ - LS $ -
1 $ - LS $ -
Subtotal Annual OM&M Cost $ -
6. OM&M Overhead and Profit (10%) $ -
TOTAL ANNUAL OM&M COST $ -
PRESENT WORTH OF TOTAL OM&M COST $ -
PRESENT VALUE
( TOTAL PRESENT VALUE (7% DISCOUNT RATE) $ 309,317
SAY $ 300,000
A Sheet 1 of 1



Vacuum Enhanced Recovery Treatment Cost Estimate Summary

Alcas Facility - Olean, NY

Item No. ltem Description Quantity|  Unit Cost Unit Extension
CAPITAL COSTS
1.General Conditions
General Administrative Conditions 1 $ 13,000 LS $ 13,000
Permitting 1 $ 13,000 LS $ 13,000
Survey 1 $ 26,000 LS $ 26,000
Total General Conditions Costs $ 52,000
2. Construction Costs
2a. Mobilization 1 $ 13,000 LS $ 13,000
2b. VER Wdll Installation 1 $ 100,000 LS $ 100,000
2c. Vacuum Pump System 1 $ 80,000 LS $ 80,000
2d. Institutional Control 1 $ - LS $ -
Total Construction Costs $ 193,000
3. Transportation & Disposal (T&D)
3a. Hazardous, Subtitle C 0 $ 142 CcY $ -
3b. Non Hazardous, Subtitle D 0 $ 98 CcY $ -
3c. Non Hazardous, Concrete and Debris 0 $ 98 CY $ -
Total T&D Costs $ -
4. Treatment (NOT APPLICABLE) $ -
SUBTOTAL CAPITAL COSTS $ 245,000
5. Pre-construction Sampling/Delineation 1 $ 26,000 LS $ 26,000
6. Design Engineering (5% capital cost) $ 12,250
[[7. General Contractor Overhead and Profit (20% GC & Construction, 10% T&D) $ 49,000
8. Resident Engineering (2.5% capital cost) $ 6,125
TOTAL CAPITAL COST $ 338,375
OPERATION & MAINTENANCE (O&M) COSTS
|Annual O&M Costs
9. Total Annual OM&M Cost (Year 1-30) 1 $ 100,000 LS $ 100,000
Periodic Costs
10. Site restoration (at the end 30th year) 1 $ 4,622 LS $ 4,622
11. Remedial Action Report 1 $ 22,035 LS $ 22,035
PRESENT WORTH OF TOTAL O&M COST $ 1,063,557
PRESENT VALUE
[l TOTAL PRESENT VALUE (7% DISCOUNT RATE) $ 1,401,932
SAY $ 1,400,000
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Hydraulic Control System Cost Estimate Summary

Coallection Trench
Alcas Facility - Olean, NY

Item No. Item Description Quantity|  Unit Cost Unit Extension
CAPITAL COSTS
1.Management, Design, and Planning
Project Management and Engineering Support 1 $ 36,635 LS $ 36,635
System Design 1 $ 86,503 LS $ 86,503
Remediation Plans and Regulatory Approval 1 $ 31,096 LS $ 31,096
Permitting 1 $ 6,240 LS $ 6,240
Total Management, Design, and Planning Costs $ 160,475
2. Supplemental Investigation / Phased | mplementation
Total Transition Zone investigation/Phased | mplementation Costs 1 $ 89,330 LS $ 89,330
3. Ssytem Installation
3a Hydraulic Collection Trench 1 $ 395,627 LS $ 395,627
3b. System Installation 1 $ 228,491 LS $ 228,491
Total System Installation Costs $ 624,117
SUBTOTAL CAPITAL COSTS $ 873,922
4. Overhead and Profit (15%) $ 131,088
TOTAL CAPITAL COST $ 1,005,010
OPERATION, MONITORING, & MAINTENANCE (OM&M) COSTS
5a. Project Management 1 $ 27,268 LS $ 27,268
5b. Groundwater Monitoring 1 $ 36,122 LS $ 36,122
5c¢. Maintenance and System Compliance 1 $ 61,065 LS $ 61,065
Subtotal Annual OM&M Cost $ 124,454
6. OM&M Overhead and Profit (10%) $ 12,445
TOTAL ANNUAL OM&M COST $ 136,900
PRESENT WORTH OF TOTAL OM&M COST $ 1,698,793
PRESENT VALUE
( TOTAL PRESENT VALUE (7% DISCOUNT RATE) $ 2,703,803
SAY $ 2,700,000
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Hydraulic Control System Cost Estimate Summary

Vertical Extraction Wells
Alcas Facility - Olean, NY

Item No. Item Description Quantity|  Unit Cost Unit Extension
CAPITAL COSTS
1.Management, Design, and Planning
Project Management and Engineering Support 1 $ 36,635 LS $ 36,635
System Design 1 $ 86,503 LS $ 86,503
Remediation Plans and Regulatory Approval 1 $ 31,096 LS $ 31,096
Permitting 1 $ 6,240 LS $ 6,240
Total Management, Design, and Planning Costs $ 160,475
2. Supplemental Investigation / Phased | mplementation
Total Transition Zone investigation/Phased | mplementation Costs 1 $ 89,330 LS $ 89,330
3. Ssytem Installation
3a Extraction and Monitoring Well Installation 1 $ 123,505 LS $ 123,505
3b. System Installation 1 $ 260,991 LS $ 260,991
3c. Waste Management and Disposal 1 $ 30,706 LS $ 30,706
Total System Installation Costs $ 415,202
SUBTOTAL CAPITAL COSTS $ 665,006
4. Overhead and Profit (15%) $ 99,751
TOTAL CAPITAL COST $ 764,757
OPERATION, MONITORING, & MAINTENANCE (OM&M) COSTS
5a. Project Management 1 $ 27,268 LS $ 27,268
5b. Groundwater Monitoring 1 $ 36,122 LS $ 36,122
5c¢. Maintenance and System Compliance 1 $ 87,065 LS $ 87,065
Subtotal Annual OM&M Cost $ 150,454
6. OM&M Overhead and Profit (10%) $ 15,045
TOTAL ANNUAL OM&M COST $ 165,500
PRESENT WORTH OF TOTAL OM&M COST $ 2,053,692
PRESENT VALUE
( TOTAL PRESENT VALUE (7% DISCOUNT RATE) $ 2,818,449
SAY $ 2,810,000
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Hydraulic Control System Cost Estimate Summary
Horizontal Extraction Wells

Alcas Facility - Olean, NY

Item No. Item Description Quantity|  Unit Cost Unit Extension
CAPITAL COSTS
1.Management, Design, and Planning
Project Management and Engineering Support 1 $ 36,635 LS $ 36,635
System Design 1 $ 86,503 LS $ 86,503
Remediation Plans and Regulatory Approval 1 $ 31,096 LS $ 31,096
Permitting 1 $ 6,240 LS $ 6,240
Total Management, Design, and Planning Costs $ 160,475
2. Supplemental Investigation / Phased | mplementation
Total Transition Zone investigation/Phased | mplementation Costs 1 $ 89,330 LS $ 89,330
3. Ssytem Installation
3a Extraction and Monitoring Well Installation 1 $ 296,412 LS $ 296,412
3b. System Installation 1 $ 260,991 LS $ 260,991
3c. Waste Management and Disposal 1 $ 30,706 LS $ 30,706
Total System Installation Costs $ 588,109
SUBTOTAL CAPITAL COSTS $ 837,914
4. Overhead and Profit (15%) $ 125,687
TOTAL CAPITAL COST $ 963,601
OPERATION, MONITORING, & MAINTENANCE (OM&M) COSTS
5a. Project Management 1 $ 27,268 LS $ 27,268
5b. Groundwater Monitoring 1 $ 36,122 LS $ 36,122
5c¢. Maintenance and System Compliance 1 $ 87,065 LS $ 87,065
Subtotal Annual OM&M Cost $ 150,454
6. OM&M Overhead and Profit (10%) $ 15,045
TOTAL ANNUAL OM&M COST $ 165,500
PRESENT WORTH OF TOTAL OM&M COST $ 2,053,692
PRESENT VALUE
( TOTAL PRESENT VALUE (7% DISCOUNT RATE) $ 3,017,292
SAY $ 3,010,000
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ZV| Permeable Reactive Barrier to treat inter cepted flow Cost Estimate Summary (Frac M ethod)

Alcas Facility - Olean, NY

Item No. Item Description Quantity|  Unit Cost Unit Extension
CAPITAL COSTS
1.General Conditions
General Administrative Conditions 1 $ 39,000 LS $ 39,000
Permitting 1 $ 13,000 LS $ 13,000
Survey 1 $ 26,000 LS $ 26,000
Total General Conditions Costs $ 78,000
2. Construction Costs
Total Construction Costs (with 10% Contingency) $ 579,547
3. Transportation & Disposal (T&D)
3a. Hazardous, Subtitle C 0 $ 142 Ton $ -
3b. Non Hazardous, Subtitle D 0 $ 98 Ton $ -
3c. Non Hazardous, Concrete and Debris 0 $ 98 Ton $ -
Total T&D Costs $ -
4. Treatment (NOT APPLICABLE) $ -
SUBTOTAL CAPITAL COSTS $ 657,547
5. Pre-construction Sampling/Delineation 1 $ 180,000 LS $ 180,000
6. Design Engineering (5% capital cost) $ 32,877
[[7. General Contractor Overhead and Profit (20% GC & Construction, 10% T&D) $ 131,509
8. Resident Engineering (2.5% capital cost) $ 16,439
TOTAL CAPITAL COST $ 1,018,373
OPERATION & MAINTENANCE (O&M) COSTS
9. Total Annual OM&M Cost 1 $ 14,730 LS $ 14,730
Periodic Costs
10. Site Restoration LS $ -
11. Remedial Action Report (at the end of 30th year) 1 $ 22,035 LS $ 22,035
PRESENT WORTH OF TOTAL OM&M COST $ 185,684
PRESENT VALUE
[l TOTAL PRESENT VALUE (7% DISCOUNT RATE) $ 1,204,056
SAY $ 1,200,000
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Barrier Wall Containment System Cost Estimate Summary

Alcas Facility - Olean, NY

Item No. Item Description Quantity|  Unit Cost Unit Extension
CAPITAL COSTS
1.Management, Design, and Planning
Project Management and Engineering Support 1 $ 28,181 LS $ 28,181
System Design 1 $ 66,541 LS $ 66,541
Remediation Plans and Regulatory Approval 1 $ 23,920 LS $ 23,920
Permitting 1 $ 4,800 LS $ 4,800
Total Management, Design, and Planning Costs $ 123,442
2. Supplemental Investigation / Phased | mplementation
Total Transition Zone investigation/Phased | mplementation Costs 1 $ 89,330 LS $ 89,330
3. Ssytem Installation
3a Hydraulic Collection Trench 1 $ 304,328 LS $ 304,328
Horizontal Wells 25 $ 228,010 LS $ 5,700,240
3b. System Installation 1 $ 175,762 LS $ 175,762
Total System Installation Costs $ 6,180,330
SUBTOTAL CAPITAL COSTS $ 6,393,102
4. Overhead and Profit (15%) $ 958,965
TOTAL CAPITAL COST $ 7,352,067
OPERATION, MONITORING, & MAINTENANCE (OM&M) COSTS
5a. Project Management 1 $ - LS $ -
5b. Groundwater Monitoring 1 $ 27,786 LS $ 27,786
5¢. Maintenance and System Compliance 1 $ - LS $ -
Subtotal Annual OM&M Cost $ 27,786
6. OM&M Overhead and Profit (10%) $ 2,779
TOTAL ANNUAL OM&M COST $ 30,565
PRESENT WORTH OF TOTAL OM&M COST $ 379,277
PRESENT VALUE
( TOTAL PRESENT VALUE (7% DISCOUNT RATE) $ 7,731,345
SAY $ 7,730,000
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Multiple ZVI Treatment Zones using Frac Method to Treat Source Area Cost Estimate Summary

Alcas Facility - Olean, NY

Item No. Item Description Quantity|  Unit Cost Unit Extension
CAPITAL COSTS
1.General Conditions
General Administrative Conditions 1 $ 39,000 LS $ 39,000
Permitting 1 $ 13,000 LS $ 13,000
Survey 1 $ 26,000 LS $ 26,000
Total General Conditions Costs $ 78,000
2. Construction Costs
Total Construction Costs (with 10% Contingency) $ 843,780
3. Transportation & Disposal (T&D)
3a. Hazardous, Subtitle C 0 $ 142 Ton $ -
3b. Non Hazardous, Subtitle D 0 $ 98 Ton $ -
3c. Non Hazardous, Concrete and Debris 0 $ 98 Ton $ -
Total T&D Costs $ -
4. Treatment (NOT APPLICABLE) $ -
SUBTOTAL CAPITAL COSTS $ 921,780
5. Pre-construction Sampling/Delineation 1 $ 26,000 LS $ 26,000
6. Design Engineering (5% capital cost) $ 46,089
[[7. General Contractor Overhead and Profit (20% GC & Construction, 10% T&D) $ 184,356
8. Resident Engineering (2.5% capital cost) $ 23,044
TOTAL CAPITAL COST $ 1,201,269
OPERATION & MAINTENANCE (O&M) COSTS
0. Total Annual OM&M Cost 1 $ - LS $ -
Periodic Costs
10. Site Restoration LS $ -
11. Remedial Action Report (at the end of 30th year) 1 $ 22,035 LS $ 22,035
PRESENT WORTH OF TOTAL OM&M COST $ 2,227
PRESENT VALUE
[l TOTAL PRESENT VALUE (7% DISCOUNT RATE) $ 1,203,496
SAY $ 1,200,000
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Dissolved Phase Plume in Aquitard ISCO Treatment Cost Estimate Summary

Using Persulfate or Ozone

Alcas Facility - Olean, NY

Item No. ltem Description Quantity|  Unit Cost Unit Extension
CAPITAL COSTS
1.General Conditions
General Administrative Conditions 1 $19,500.00 LS $ 19,500
Permitting 1 $13,000.00 LS $ 13,000
Survey 1 $26,000.00 LS $ 26,000
Total General Conditions Costs $ 58,500
2. Construction Costs
2a. Mobilization 1 $ 13,000.00 LS $ 13,000
2b. Well Installation 1 $ 16,035.50 LS $ 16,036
2c. Amendment Injection 1 $ 303,388.80 LS $ 303,389
Total Construction Costs $ 332,424
3. Transportation & Disposal (T&D)
3a Hazardous, Subtitle C 0 $ 142.00 Ton $ -
3b. Non Hazardous, Subtitle D 0 $ 98.00 Ton $ -
3c. Non Hazardous, Concrete and Debris 0 $ 98.00 Ton $ -
Total T&D Costs $ -
4. Treatment (NOT APPLICABLE) $ -
SUBTOTAL CAPITAL COSTS $ 390,924
5. Pre-construction Sampling/Delineation 1 $ 26,000 LS $ 26,000
6. Design Engineering (5% capital cost) $ 19,546
[[7. General Contractor Overhead and Profit (20% GC & Construction, 10% T&D) $ 78,185
8. Resident Engineering (2.5% capital cost) $ 9,773
TOTAL CAPITAL COST $ 524,428
OPERATION & MAINTENANCE (O&M) COSTS
|Annual O&M Costs
9. Semi-annual Bioremediation Monitoring (Year 1) 1 $ 28,587 LS $ 28,587
10. Annual Bioremediation Monitoring (Year 2-6) 1 $ 14,294 LS $ 14,294
Periodic Costs
11. Second round injection at the end of 2nd year 1 $ 303,389 LS $ 303,389
12. Third round injection at the end of 4th year 1 $ 151,694 LS $ 151,694
13. Site restoration (at the end 6th year) 1 $ 4,622 LS $ 4,622
14. Remedial Action Report 1 $ 22,035 LS $ 22,035
PRESENT WORTH OF TOTAL EAB O&M COST $ 488,667
PRESENT VALUE
[l TOTAL PRESENT VALUE (7% DISCOUNT RATE) $ 1,013,095
SAY $ 1,010,000
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ISCO with Excavation Cost Estimate Summary (Excavation Only)

Alcas Facility - Olean, NY

Item No. ltem Description Quantity[ Unit Cost Unit Extension
CAPITAL COSTS
1.Management, Design, and Planning
Project Management and Engineering Support 1 $ 36,635 LS $ 36,635
System Design 1 $ - LS $ -
Remediation Plans and Regulatory Approval 1 $ 31,096 LS $ 31,096
Permitting 1 $ 6,240 LS $ 6,240
Total Management, Design, and Planning Costs $ 73,971
2. Supplemental Investigation / Phased | mplementation
Total Transition Zone investigation/Phased Implementation Costs 1 $ - LS $ -
3. Excavation Installation
3a Limited Excavation of Shallow Soils (70 Cubic Y ards) 1 $ 15,000 LS $ 15,000
3b. Off-site transportation & disposal 1 $ 21,000 LS $ 21,000
3c. Post excavation sampling 1 $ 4,500 LS $ 4,500
3d. Backfill 1 $ 1,890 LS $ 1,890
3e. Demolition activities 1 $ 15,000 LS $ 15,000
3f. Restoration activities 1 $ 35,000 LS $ 35,000
Total Excavation Installation Costs $ 92,390
SUBTOTAL CAPITAL COSTS $ 166,361
4. Overhead and Profit (15%) $ 24,954
TOTAL CAPITAL COST $ 191,315
OPERATION, MONITORING, & MAINTENANCE (OM&M) COSTS
5a. Project Management 1 $ - LS $ -
5h. Groundwater Monitoring 1 $ - LS $ -
1 $ - LS $ -
Subtotal Annual OM&M Cost $ -
6. OM&M Overhead and Profit (10%) $ -
TOTAL ANNUAL OM&M COST $ -
PRESENT WORTH OF TOTAL OM&M COST $ -
PRESENT VALUE
( TOTAL PRESENT VALUE (7% DISCOUNT RATE) $ 191,315
SAY $ 190,000
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Dissolved Phase Plumein Aquitard Monitored Natural Attenuation Cost Estimate Summary

Alcas Facility - Olean, NY

Item No. Item Description Quantity|  Unit Cost Unit Extension
CAPITAL COSTS
1.General Conditions
General Administrative Conditions 1 $ 13,000 LS $ 13,000
Permitting 1 $ 13,000 LS $ 13,000
Survey 1 $ 26,000 LS $ 26,000
Total General Conditions Costs $ 52,000
2. Construction Costs
2a. Monitoring Well Installation 1 $ 12,063 LS $ 12,063
2b. Quarterly Monitored Natural Attenuation Sampling (Y ear 1-2) 8 $ 14,730 LS $ 117,842
2c. Evaluation of Monitored Natural Attenuation Sampling & Modeling 1 $ 39,000 LS $ 39,000
2d. Institutional Control 1 $ - LS $ -
Total Construction Costs $ 168,905
3. Transportation & Disposal (T&D)
3a Hazardous, Subtitle C 0 $ 142 CcY $ -
3b. Non Hazardous, Subtitle D 0 $ 98 CcY $ -
3c. Non Hazardous, Concrete and Debris 0 $ 98 CY $ -
Total T&D Costs $ -
4. Treatment (NOT APPLICABLE) $ -
SUBTOTAL CAPITAL COSTS $ 220,905
5. Pre-construction Sampling/Delineation 1 $ 26,000 LS $ 26,000
6. Design Engineering (5% capital cost) $ 11,045
[[7. General Contractor Overhead and Profit (20% GC & Construction, 10% T&D) $ 44,181
8. Resident Engineering (2.5% capital cost) $ 5,523
TOTAL CAPITAL COST $ 307,654
OPERATION & MAINTENANCE (O&M) COSTS
|Annual O&M Costs
9. Annual MNA Monitoring (Year 3-30) 1 $ 14,730 LS $ 14,730
Periodic Costs
10. Siterestoration (at the end 30th year) 1 $ 4,622 LS $ 4,622
11. Remedial Action Report 1 $ 22,035 LS $ 22,035
PRESENT WORTH OF TOTAL MNA O&M COST $ 159,652
PRESENT VALUE
[l TOTAL PRESENT VALUE (7% DISCOUNT RATE) $ 467,306
SAY $ 460,000
A Sheet 1 of 1



ALCAS Cutlery Corporation Facility Site, Olean, New York

Feasibility Study Cost Estimate

In Situ Chemical Oxidation (ISCO) Alternative

COST ESTIMATE SUMMARY

Site: Alcas Cutlery Corporation Facility Description:
Location: Olean, New York

Phase: Feasibility Study

Base Year: 2012

Date: November 2012

This alternative involves treating groundwater beneath the CUTCO facility using In Situ Chemical Oxidation (ISCO) to address the Source Area in the Upper
Aquitard. A conceptual layout of the remedy components for this alternative is presented in Figure 1. The 2- inch injection wells would be installed using limited
access mud rotary rigs. Where accessible, shallow trenches would be installed within the concrete to enclose the injection piping, to allow for injection
activities to occur without disruption to operations inside the building. In places where access is prohibitive, the injection piping would be hung from the ceiling
and dropped down to the injection well using flexible tubing. Long-term groundwater monitoring would be implemented to monitor changes in site conditions.

CAPITAL COSTS: (Assumed to be Incurred During Year 0)

TOTAL INJECTION COST

DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Injection Well Installation CW-ISCO-1 1 EA $57,975 $57,975
Monitoring Well Installation CW-ISCO-2 1 EA $16,576 $16,576
Full Scale Injection Event (9 Wells) CW-ISCO-3 2 EA $103,774 $207,548
SUBTOTAL $282,099
Contingency (Scope and Bid) 20% $56,420 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).
SUBTOTAL $338,519
Project Management 8% $27,082 Recommended range from EPA 540-R-00-002 was used.
Remedial Design 15% $50,778 Recommended range from EPA 540-R-00-002 was used.
Construction Management 10% $33,852 Recommended range from EPA 540-R-00-002 was used.
Technical Support 10% $33,852
TOTAL $484,083
TOTAL CAPITAL COST $484,000 Total capital cost is rounded to the nearest $1,000.
INJECTION PERIODIC COSTS: (Assumed to be Incurred During Year 1)
DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Full Scale Injection Event (9 wells) CW-ISCO-3 1 EA $103,774 $103,774
Polishing Injection Event (3 wells) CW-ISCO-4 1 EA $43,943 $43,943
SUBTOTAL $147,717
Contingency (Scope and Bid) 20% $29,543 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).
SUBTOTAL $177,260
Project Management 8% $14,181 The low end of the recommended range in EPA 540-R-00-002 was used.
Technical Support 15% $26,589 Middle value of the recommended range in EPA 540-R-00-002 was used.
TOTAL $218,030

$218,000

Total periodic injection cost is rounded to the nearest $1,000.
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ALCAS Cutlery Corporation Facility Site, Olean, New York

Feasibility Study Cost Estimate

In Situ Chemical Oxidation (ISCO) Alternative

COST ESTIMATE SUMMARY

Site: Alcas Cutlery Corporation Facility Description:
Location: Olean, New York

Phase: Feasibility Study

Base Year: 2012

Date: November 2012

This alternative involves treating groundwater beneath the CUTCO facility using In Situ Chemical Oxidation (ISCO) to address the Source Area in the Upper
Aquitard. A conceptual layout of the remedy components for this alternative is presented in Figure 1. The 2- inch injection wells would be installed using limited
access mud rotary rigs. Where accessible, shallow trenches would be installed within the concrete to enclose the injection piping, to allow for injection
activities to occur without disruption to operations inside the building. In places where access is prohibitive, the injection piping would be hung from the ceiling
and dropped down to the injection well using flexible tubing. Long-term groundwater monitoring would be implemented to monitor changes in site conditions.

INJECTION PERIODIC COSTS: (Assumed to be Incurred During Year 2)

TOTAL QUARTERLY MONITORING COST

DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Polishing Injection Event (3 wells) CW-ISCO-4 1 EA $43,943 $43,943

SUBTOTAL $43,943
Contingency (Scope and Bid) 20% $8,789 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).

SUBTOTAL $52,732
Project Management 10% $5,273 The low end of the recommended range in EPA 540-R-00-002 was used.
Technical Support 15% $7,910 Middle value of the recommended range in EPA 540-R-00-002 was used.

TOTAL $65,915
TOTAL INJECTION COST $66,000 Total periodic injection cost is rounded to the nearest $1,000.

QUARTERLY MONITORING ANNUAL COSTS: (Assumed to be Incurred During Year 0)
DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Miscellaneous Requirements for Sampling CW-ISCO-5 1 EA $17,658 $17,658
Groundwater Sampling Event CW-ISCO-6 4 EA $19,382 $77,528
Groundwater Monitoring Event Report Preparation CW-ISCO-7 4 EA $2,878 $11,512

SUBTOTAL $106,698
Contingency (Scope and Bid) 20% $21,340 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).

SUBTOTAL $128,038
Project Management 8% $10,243 Middle value of the recommended range in EPA 540-R-00-002 was used.
Technical Support 15% $19,206 Middle value of the recommended range in EPA 540-R-00-002 was used.

TOTAL $157,487

$157,000

Total quarterly monitoring cost is rounded to the nearest $1,000.

DESCRIPTION WORKSHEET
Groundwater Sampling Event CW-ISCO-6
Groundwater Monitoring Event Report Preparation CW-ISCO-7

Contingency (Scope and Bid)

Project Management
Technical Support

SEMIANNUAL MONITORING ANNUAL COSTS: (Assumed to be Incurred During Year 1)

QTY UNIT(S) UNIT COST
2 EA $19,382
2 EA $2,878
SUBTOTAL
20%
SUBTOTAL
10%
15%
TOTAL

TOTAL SEMIANNUAL MONITORING COST

TOTAL
$38,764
$5,756
$44,520

$8,904
$53,424

$5,342

$8,014
$66,780

$67,000

NOTES

10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).

The high end of the recommended range in EPA 540-R-00-002 was used.
Middle value of the recommended range in EPA 540-R-00-002 was used.

Total semiannual monitoring cost is rounded to the nearest $1,000.
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ALCAS Cutlery Corporation Facility Site, Olean, New York Feasibility Study Cost Estimate

In Situ Chemical Oxidation (ISCO) Alternative COST ESTIMATE SUMMARY
Site: Alcas Cutlery Corporation Facility Description:  This alternative involves treating groundwater beneath the CUTCO facility using In Situ Chemical Oxidation (ISCO) to address the Source Area in the Upper
Location: Olean, New York Aquitard. A conceptual layout of the remedy components for this alternative is presented in Figure 1. The 2- inch injection wells would be installed using limited
Phase: Feasibility Study access mud rotary rigs. Where accessible, shallow trenches would be installed within the concrete to enclose the injection piping, to allow for injection

Base Year: 2012 activities to occur without disruption to operations inside the building. In places where access is prohibitive, the injection piping would be hung from the ceiling
Date: November 2012 and dropped down to the injection well using flexible tubing. Long-term groundwater monitoring would be implemented to monitor changes in site conditions.

ANNUAL MONITORING ANNUAL COSTS: (Assumed to be Incurred During Year 2 through the end of the Period of Evaluation)

DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Groundwater Sampling Event CW-ISCO-6 1 EA $19,382 $19,382
Groundwater Monitoring Event Report Preparation CW-ISCO-7 1 EA $2,878 $2,878

SUBTOTAL $22,260
Contingency (Scope and Bid) 20% $4,452 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).

SUBTOTAL $26,712
Project Management 10% $2,671 The high end of the recommended range in EPA 540-R-00-002 was used.
Technical Support 15% $4,007 Middle value of the recommended range in EPA 540-R-00-002 was used.

TOTAL $33,390
TOTAL ANNUAL MONITORING COST $33,000 Total annual monitoring cost is rounded to the nearest $1,000.

MONITORING WELL MAINTENANCE PERIODIC COSTS (Year 10 and 20)

DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Monitoring Well Maintenance CW-ISCO-8 1 LS $4,326 $4,326

SUBTOTAL $4,326
Contingency (Scope and Bid) 20% $865 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).

SUBTOTAL $5,191
Project Management 10% $519 The high end of the recommended range in EPA 540-R-00-002 was used.
Technical Support 15% $779 Middle value of the recommended range in EPA 540-R-00-002 was used.

TOTAL $6,489
TOTAL MONITORING WELL MAINTENANCE PERIODIC COST $6,000 Periodic cost is rounded to the nearest $1,000.

FUTURE CAPITAL COSTS: (Assumed to be Incurred in Last Year of Period of Evaluation)

DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Well Abandonment CW-ISCO-9 1 EA $1,805 $1,805
SUBTOTAL $1,805
Contingency (Scope and Bid) 20% $361 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).
SUBTOTAL $2,166
Project Management 10% $217 Recommended range from EPA 540-R-00-002 was used.
Remedial Design 20% $433 Recommended range from EPA 540-R-00-002 was used.
Construction Management 15% $325 Recommended range from EPA 540-R-00-002 was used.
TOTAL $3,141

TOTAL FUTURE CAPITAL COST $3,000 Total future capital cost is rounded to the nearest $1,000.
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ALCAS Cutlery Corporation Facility Site, Olean, New York Feasibility Study Cost Estimate

In Situ Chemical Oxidation (ISCO) Alternative COST ESTIMATE SUMMARY
Site: Alcas Cutlery Corporation Facility Description:  This alternative involves treating groundwater beneath the CUTCO facility using In Situ Chemical Oxidation (ISCO) to address the Source Area in the Upper
Location: Olean, New York Aquitard. A conceptual layout of the remedy components for this alternative is presented in Figure 1. The 2- inch injection wells would be installed using limited
Phase: Feasibility Study access mud rotary rigs. Where accessible, shallow trenches would be installed within the concrete to enclose the injection piping, to allow for injection

Base Year: 2012 activities to occur without disruption to operations inside the building. In places where access is prohibitive, the injection piping would be hung from the ceiling

Date: November 2012 and dropped down to the injection well using flexible tubing. Long-term groundwater monitoring would be implemented to monitor changes in site conditions.
Notes:

Percentages used for indirect costs are based on guidance from Section 5.0 of "A Guide to Developing and Documenting Cost Estimates During the Feasibility Study", EPA 2000. Costs presented for this alternative are expected to have an accuracy
between -30% to +50% of actual costs, based on the scope presented. They are prepared solely to facilitate relative comparisons between alternatives for FS evaluation purposes.
Abbreviations:

EA Each
QTY Quantity
LS Lump Sum
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ALCAS Cutlery Corporation Facility Site, Olean, New York

Feasibility Study Cost Estimate

In Situ Chemical Oxidation (ISCO) Alternative PRESENT VALUE ANALYSIS
Site: Alcas Cutlery Corporation Facility | Discount Rate:| 7.00%
Location: Olean, New York
Phase: Feasibility Study
Base Year: 2012
ANNUAL COSTS PERIODIC COSTS Total Annual
Year* Capital Costs? Monitoring Costs Injection Costs Well Maintenance Expendnure3 Discount Factor Present Value*®
0 $484,000 $157,000 $0 $0 $641,000 1.0000 $641,000
1 $0 $67,000 $218,000 $0 $285,000 0.9346 $266,361
2 $0 $33,000 $66,000 $0 $99,000 0.8734 $86,467
3 $0 $33,000 $0 $0 $33,000 0.8163 $26,938
4 $0 $33,000 $0 $0 $33,000 0.7629 $25,176
5 $0 $33,000 $0 $0 $33,000 0.7130 $23,529
6 $0 $33,000 $0 $0 $33,000 0.6663 $21,988
7 $0 $0 $0 $0 $0 0.6227 $0
8 $0 $0 $0 $0 $0 0.5820 $0
9 $0 $0 $0 $0 $0 0.5439 $0
10 $0 $0 $0 $6,000 $6,000 0.5083 $3,050
11 $0 $0 $0 $0 $0 0.4751 $0
12 $0 $0 $0 $0 $0 0.4440 $0
13 $0 $0 $0 $0 $0 0.4150 $0
14 $0 $0 $0 $0 $0 0.3878 $0
15 $0 $0 $0 $0 $0 0.3624 $0
16 $0 $0 $0 $0 $0 0.3387 $0
17 $0 $0 $0 $0 $0 0.3166 $0
18 $0 $0 $0 $0 $0 0.2959 $0
19 $0 $0 $0 $0 $0 0.2765 $0
20 $0 $0 $0 $6,000 $6,000 0.2584 $1,550
21 $0 $0 $0 $0 $0 0.2415 $0
22 $0 $0 $0 $0 $0 0.2257 $0
23 $0 $0 $0 $0 $0 0.2109 $0
24 $0 $0 $0 $0 $0 0.1971 $0
25 $0 $0 $0 $0 $0 0.1842 $0
26 $0 $0 $0 $0 $0 0.1722 $0
27 $0 $0 $0 $0 $0 0.1609 $0
28 $0 $0 $0 $0 $0 0.1504 $0
29 $0 $0 $0 $0 $0 0.1406 $0
30 $0 $33,000 $0 $3,000 $36,000 0.1314 $4,730
TOTALS: $484,000 $422,000 $284,000 $15,000 $1,205,000 _%
TOTAL PRESENT VALUE OF ISCO ALTERNATIVE $1,101,000
Notes:

1 - Duration is assumed to be 30 years for present value analysis.

2 - Capital costs, for purposes of this analysis, are assumed to be distributed as indicated on the ISCO Cost Estimate Summary
3 - Total annual expenditure is the total cost per year with no discounting.

4 - Present value is the total cost per year including a discount factor for that year. See Table PV-ADRFT for details.
5 - Total present value is rounded to the nearest $1,000. Depreciation is excluded from the present value cost.
Costs presented for this alternative are expected to have an accuracy between -30% to +50% of actual costs, based on the scope presented.
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ALCAS Cutlery Corporation Facility Site, Olean, New York Feasibility Study Cost Estimate

Enhanced Anaerobic Bioremediation (EAB) Alternative COST ESTIMATE SUMMARY
Site: Alcas Cutlery Corporation Facility Description: This alternative involves treating groundwater using In Situ Enhanced Anaerobic Bioremediation (EAB) to focus on the dissolved phase plume in the UWBZ
Location: Olean, New York south of the source area to provide TCE mass removal and act as a treatment barrier to reduce or eliminate migration of affected groundwater. Figure 2
Phase: Feasibility Study presents a conceptual layout of the EAB injection wells focusing on the elevated concentrations of TCE in the off-Site area south of the facility. A direct push
Base Year: 2012 technology (DPT) drill rig will be used to complete electron donor injections. The electron donor will be a slow-release, vegetable oil-based electron donor
Date: November 2012 similar to that used during the pilot study. Long-term groundwater monitoring would be implemented to monitor changes in site conditions.

CAPITAL COSTS: (Assumed to be Incurred During Year 0)

DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Monitoring Well Installation CW-EAB-1 1 LS $18,055 $18,055
EAB Injection Event CW-EAB-2 1 EA $117,755 $117,755
Bioaugmentation Injection Event (Initial Event) CW-EAB-3 1 EA $48,466 $48,466
SUBTOTAL $184,276
Contingency (Scope and Bid) 20% $36,855 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).
SUBTOTAL $221,131
Project Management 8% $17,690 Recommended range from EPA 540-R-00-002 was used.
Remedial Design 15% $33,170 Recommended range from EPA 540-R-00-002 was used.
Construction Management 10% $22,113 Recommended range from EPA 540-R-00-002 was used.
TOTAL $294,104

TOTAL CAPITAL COST $294,000 Total capital cost is rounded to the nearest $1,000.

INJECTION PERIODIC COSTS: (Assumed to be Incurred Durning Years 2 and 4)

DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
EAB Injection Event CW-EAB-2 1 EA $117,755 $117,755
SUBTOTAL $117,755
Contingency (Scope and Bid) 20% $23,551 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).
SUBTOTAL $141,306
Project Management 8% $11,304 The low end of the recommended range in EPA 540-R-00-002 was used.
Technical Support 15% $21,196 Middle value of the recommended range in EPA 540-R-00-002 was used.
TOTAL $173,806

TOTAL INJECTION COST $174,000 Total periodic injection cost is rounded to the nearest $1,000.
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ALCAS Cutlery Corporation Facility Site, Olean, New York Feasibility Study Cost Estimate

Enhanced Anaerobic Bioremediation (EAB) Alternative COST ESTIMATE SUMMARY
Site: Alcas Cutlery Corporation Facility Description: This alternative involves treating groundwater using In Situ Enhanced Anaerobic Bioremediation (EAB) to focus on the dissolved phase plume in the UWBZ
Location: Olean, New York south of the source area to provide TCE mass removal and act as a treatment barrier to reduce or eliminate migration of affected groundwater. Figure 2
Phase: Feasibility Study presents a conceptual layout of the EAB injection wells focusing on the elevated concentrations of TCE in the off-Site area south of the facility. A direct push
Base Year: 2012 technology (DPT) drill rig will be used to complete electron donor injections. The electron donor will be a slow-release, vegetable oil-based electron donor
Date: November 2012 similar to that used during the pilot study. Long-term groundwater monitoring would be implemented to monitor changes in site conditions.
QUARTERLY MONITORING ANNUAL COSTS: (Assumed to be Incurred During Year 0)
DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Miscellaneous Requirements for Sampling CW-EAB-4 1 EA $17,658 $17,658
Groundwater Sampling Event CW-EAB-5 4 EA $22,976 $91,904
Groundwater Monitoring Event Report Preparation CW-EAB-6 4 EA $2,641 $10,564
SUBTOTAL $102,468
Contingency (Scope and Bid) 20% $20,494 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).
SUBTOTAL $122,962
Project Management 8% $9,837 The high end of the recommended range in EPA 540-R-00-002 was used.
Technical Support 15% $18,444 Middle value of the recommended range in EPA 540-R-00-002 was used.
TOTAL $151,243
TOTAL QUARTERLY MONITORING COST $151,000 Total quarterly monitoring cost is rounded to the nearest $1,000.
SEMIANNUAL MONITORING ANNUAL COSTS: (Assumed to be Incurred During Years 1 through 4)
DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Groundwater Sampling Event CW-EAB-5 2 EA $22,976 $45,952
Groundwater Monitoring Event Report Preparation CW-EAB-6 2 EA $2,641 $5,282
SUBTOTAL $51,234
Contingency (Scope and Bid) 20% $10,247 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).
SUBTOTAL $61,481
Project Management 10% $6,148 The high end of the recommended range in EPA 540-R-00-002 was used.
Technical Support 15% $9,222 Middle value of the recommended range in EPA 540-R-00-002 was used.
TOTAL $76,851
TOTAL SEMIANNUAL MONITORING COST $77,000 Total semiannual monitoring cost is rounded to the nearest $1,000.
ANNUAL MONITORING ANNUAL COSTS: (Assumed to be Incurred During Year 5 through 8)
DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Groundwater Sampling Event CW-EAB-5 1 EA $22,976 $22,976
Groundwater Monitoring Event Report Preparation CW-EAB-6 1 EA $2,641 $2,641
SUBTOTAL $25,617
Contingency (Scope and Bid) 20% $5,123 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).
SUBTOTAL $30,740
Project Management 10% $3,074 The high end of the recommended range in EPA 540-R-00-002 was used.
Technical Support 15% $4,611 Middle value of the recommended range in EPA 540-R-00-002 was used.
TOTAL $38,425
TOTAL ANNUAL MONITORING COST $38,000 Total annual monitoring cost is rounded to the nearest $1,000.
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ALCAS Cutlery Corporation Facility Site, Olean, New York

Feasibility Study Cost Estimate

Enhanced Anaerobic Bioremediation (EAB) Alternative

COST ESTIMATE SUMMARY

Site: Alcas Cutlery Corporation Facility Description: This alternative involves treating groundwater using In Situ Enhanced Anaerobic Bioremediation (EAB) to focus on the dissolved phase plume in the UWBZ
Location: Olean, New York south of the source area to provide TCE mass removal and act as a treatment barrier to reduce or eliminate migration of affected groundwater. Figure 2
Phase: Feasibility Study presents a conceptual layout of the EAB injection wells focusing on the elevated concentrations of TCE in the off-Site area south of the facility. A direct push
Base Year: 2012 technology (DPT) drill rig will be used to complete electron donor injections. The electron donor will be a slow-release, vegetable oil-based electron donor
Date: November 2012 similar to that used during the pilot study. Long-term groundwater monitoring would be implemented to monitor changes in site conditions.

WELL MAINTENANCE PERIODIC COSTS (Year 10 and 20)

DESCRIPTION WORKSHEET QTY
Monitoring Well Maintenance CW-EAB-7 1

Contingency (Scope and Bid) 20%
Project Management 10%
Technical Support 15%

UNIT(S) UNIT COST
LS $4,598

SUBTOTAL

SUBTOTAL

TOTAL

TOTAL WELL MAINTENANCE PERIODIC COST

TOTAL
$4,598
$4,598

$920
$5,518

$552

$828
$6,898

$7,000

NOTES

10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).

The high end of the recommended range in EPA 540-R-00-002 was used.
Middle value of the recommended range in EPA 540-R-00-002 was used.

Periodic cost is rounded to the nearest $1,000.

FUTURE CAPITAL COSTS: (Assumed to be Incurred During Year 30)

DESCRIPTION WORKSHEET QTY UNIT(S) UNIT COST TOTAL NOTES
Monitoring Well Abandonment CW-EAB-8 29 EA $611 $17,719
SUBTOTAL $17,719
Contingency (Scope and Bid) 20% $3,544 10% Scope, 10% Bid (Low end of the recommended range in EPA 540-R-00-002).
SUBTOTAL $21,263
Project Management 10% $2,126 Recommended range from EPA 540-R-00-002 was used.
Remedial Design 20% $4,253 Recommended range from EPA 540-R-00-002 was used.
Construction Management 15% $3,189 Recommended range from EPA 540-R-00-002 was used.
TOTAL $30,831
TOTAL FUTURE CAPITAL COST $31,000 Total future capital cost is rounded to the nearest $1,000.
Notes:

Percentages used for indirect costs are based on guidance from Section 5.0 of "A Guide to Developing and Documenting Cost Estimates During the Feasibility Study", EPA 2000. Costs presented for this alternative are expected to have an
accuracy between -30% to +50% of actual costs, based on the scope presented. They are prepared solely to facilitate relative comparisons between alternatives for FS evaluation purposes.

Abbreviations:

EA Each
QTY Quantity
LS Lump Sum
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ALCAS Cutlery Corporation Facility Site, Olean, New York

Enhanced Anaerobic Bioremediation (EAB) Alternative PRESENT VALUE ANALYSIS
Site: Alcas Cutlery Corporation Facility | Real Discount Rate:| 7.00%
Location: Olean, New York
Phase: Feasibility Study
Base Year: 2012
ANNUAL COSTS PERIODIC COSTS Total Annual
Yeart Capital Costs? Monitoring Costs Injection Costs Well Maintenance Expenditure® Discount Factor Present Value*®
0 $294,000 $151,000 $0 $0 $445,000 1.0000 $445,000
1 $0 $77,000 $0 $0 $77,000 0.9346 $71,964
2 $0 $77,000 $174,000 $0 $251,000 0.8734 $219,223
3 $0 $77,000 $0 $0 $77,000 0.8163 $62,855
4 $0 $77,000 $174,000 $0 $251,000 0.7629 $191,488
5 $0 $38,000 $0 $0 $38,000 0.7130 $27,094
6 $0 $38,000 $0 $0 $38,000 0.6663 $25,319
7 $0 $38,000 $0 $0 $38,000 0.6227 $23,663
8 $0 $38,000 $0 $0 $38,000 0.5820 $22,116
9 $0 $0 $0 $0 $0 0.5439 $0
10 $0 $0 $0 $7,000 $7,000 0.5083 $3,558
11 $0 $0 $0 $0 $0 0.4751 $0
12 $0 $0 $0 $0 $0 0.4440 $0
13 $0 $0 $0 $0 $0 0.4150 $0
14 $0 $0 $0 $0 $0 0.3878 $0
15 $0 $0 $0 $0 $0 0.3624 $0
16 $0 $0 $0 $0 $0 0.3387 $0
17 $0 $0 $0 $0 $0 0.3166 $0
18 $0 $0 $0 $0 $0 0.2959 $0
19 $0 $0 $0 $0 $0 0.2765 $0
20 $0 $0 $0 $7,000 $7,000 0.2584 $1,809
21 $0 $0 $0 $0 $0 0.2415 $0
22 $0 $0 $0 $0 $0 0.2257 $0
23 $0 $0 $0 $0 $0 0.2109 $0
24 $0 $0 $0 $0 $0 0.1971 $0
25 $0 $0 $0 $0 $0 0.1842 $0
26 $0 $0 $0 $0 $0 0.1722 $0
27 $0 $0 $0 $0 $0 0.1609 $0
28 $0 $0 $0 $0 $0 0.1504 $0
29 $0 $0 $0 $0 $0 0.1406 $0
30 $0 $38,000 $0 $31,000 $69,000 0.1314 $9,067
TOTALS: $294,000 $649,000 $348,000 $45,000 $1,336,000 _E
TOTAL PRESENT VALUE OF EAB ALTERNATIVE $1,103,000
Notes:

1 - Duration is assumed to be 30 years for present value analysis.
2 - Capital costs, for purposes of this analysis, are assumed to be distributed as indicated on the EAB Cost Estimate Summary

3 - Total annual expenditure is the total cost per year with no discounting.

4 - Present value is the total cost per year including a discount factor for that year. See Table PV-ADRFT for details.
5 - Total present value is rounded to the nearest $1,000. Depreciation is excluded from the present value cost.

Costs presented for this alternative are expected to have an accuracy between -30% to +50% of actual costs, based on the scope presented.

Page 9 of 10

Feasibility Study Cost Estimate



ALCAS Cutlery Corporation Facility Site, Olean, New York Feasibility Study Level Cost Estimate

TABLE PV-ADRFT

ANNUAL DISCOUNT RATE FACTORS TABLE

Site: Alcas Cutlery Corporation Facility

Location: Olean, New York

Phase: Feasibility Study

Base Year: 2012

Discount Rate (Percent):l  7.00% |
Year Discount Factor™? Year Discount Factor™? Year Discount Factor™?

0 1.0000 34 0.1002 68 0.0100
1 0.9346 35 0.0937 69 0.0094
2 0.8734 36 0.0875 70 0.0088
3 0.8163 37 0.0818 71 0.0082
4 0.7629 38 0.0765 72 0.0077
5 0.7130 39 0.0715 73 0.0072
6 0.6663 40 0.0668 74 0.0067
7 0.6227 41 0.0624 75 0.0063
8 0.5820 42 0.0583 76 0.0058
9 0.5439 43 0.0545 77 0.0055
10 0.5083 44 0.0509 78 0.0051
11 0.4751 45 0.0476 79 0.0048
12 0.4440 46 0.0445 80 0.0045
13 0.4150 47 0.0416 81 0.0042
14 0.3878 48 0.0389 82 0.0039
15 0.3624 49 0.0363 83 0.0036
16 0.3387 50 0.0339 84 0.0034
17 0.3166 51 0.0317 85 0.0032
18 0.2959 52 0.0297 86 0.0030
19 0.2765 53 0.0277 87 0.0028
20 0.2584 54 0.0259 88 0.0026
21 0.2415 55 0.0242 89 0.0024
22 0.2257 56 0.0226 90 0.0023
23 0.2109 57 0.0211 91 0.0021
24 0.1971 58 0.0198 92 0.0020
25 0.1842 59 0.0185 93 0.0019
26 0.1722 60 0.0173 94 0.0017
27 0.1609 61 0.0161 95 0.0016
28 0.1504 62 0.0151 96 0.0015
29 0.1406 63 0.0141 97 0.0014
30 0.1314 64 0.0132 98 0.0013
31 0.1228 65 0.0123 99 0.0012
32 0.1147 66 0.0115 100 0.0012
33 0.1072 67 0.0107 I

Notes:

! Annual discount factors were calculated using the formulas and guidance presented in Section 4.0

of A Guide to Developing and Documenting Cost Estimates During the Feasibility Study, EPA 2000.

% The discount rate used to determine the present value was used based based on A Guide to Developing
and Documenting Cost Estimates During the Feasibility Study, EPA 2000.

Page 10 of 10
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Groundwater Modeling

To assist with FS development, ENVIRONEERING developed a 3-D groundwater flow model
of the Site. This model was calibrated to recent groundwater level data which was taken in
February 2012. The modeling was performed using Visua MODFLOW Premium Version
4.6.0.160 (“VMOD®"). VMOD® is copyrighted by Waterloo Hydrogeologic, Inc.

The modeling effort included model setup, model calibration, and remediation scenario
evaluation using the calibrated model.

Model Setup

The first step in groundwater modeling is to develop a node point grid so that the Site’ s physical
properties could be adequately depicted over the area of interest. Within the area of interest node
point grid spacing is critical in achieving simulation resolution to show effects of a groundwater
containment system or over all flow within the surficial aguifer. A map showing the area
modeled is presented as Figure B-1. A 2-foot by 2-foot grid was used at Site and surrounding
areas encompassing al existing monitoring wells, resulting in a 250 cell by 250 cell area
centered at the Site. This small grid spacing was selected so that various remedial scenarios
could be evaluated. Spacing between grid lines extended to 5 feet for the next 20 cells outside of
this area, to 10 feet for the next 20 cells beyond, to 20 feet for the next 20 cells beyond, to 40 feet
for the next 20 cells beyond, and to 80 feet for the remaining cells. The fina model
encompassed an area of 6,700" by 9,000' (1,384 acres), and was subdivided to 450 rows and 490
columns (220,500 cells for each layer).

The model grid is presented on Figure B-2. The model grid was oriented orthogonal to
groundwater flow. Primary groundwater flow in the UWBZ is believed to be north to south.
Primary groundwater flow in the UC and BC is believed to be east to west. The model is based
on the assumption that the major axis of the model grid is parallel to groundwater flow and to the
hydraulic conductivity tensor.

The model was set up to contain four layers to simulate groundwater flow. The top layer was
used to simulate the UWBZ. Southern limits for the UWBZ were set at the Allegany River. The
second layer was used to simulate the UA/UCTZ. The third layer was used to simulate the UC,
and the bottom layer was used to simulate the BC.

The thickness of each zone was determined from geologic cross-sections and boring logs from
the Site and surrounding areas. Outside of the lines of cross-section, surveyed site maps and
available boring logs were used to construct top layer surficial elevations. Outside of the Site,
boring logs from adjacent properties were used to construct the layers. Where data was not
present, approximate surficial elevations were estimated from the USGS National Map database
and estimated unit thicknesses were used. Contour maps of the top of each layer are shown on
Figures B-3 through B-6.

Theinitial parameters selected for all layers were:



ENI, LLC

Parameter Value Units
Specific Storage 3.048 x 10° ft'

Specific Yied 1x 107 Unitless
Effective Porosity 0.15 Unitless
Total Porosity 0.30 Unitless

Recharge 0 inyear

Evapotranspiration 0 inlyear

cm/sec - centimeters per second

ft - feet
infyear - inches per year

Constant head boundaries were used in the UWBZ, UC, and BC to impose the regional hydraulic
gradient on the model. The UWBZ extended from the top of the model (north of the Site) to the
Allegany River (south of the Site). The UC and BC extended from the right side of the model
(east of the Site) to the left side of the model (west of the Site).

Based on the pumping test data, initial conductivities for each layer was set as follows:

Layer Unit Conductivity-Knerizonta | Conductivity-K yertical
(cm/sec) (cm/sec)
Layer 1 UWBZ 0.005 0.005
Layer 2 UA/UCTZ 1x10° 1x10°
Layers3and 4 UC/BC 0.0005 0.0005

cm/sec - centimeters per second

Municipal Wells

A portion of the Olean municipal well field was included in the model since these wells are
active pumping wells. The two municipal wells, 18M and 37M/38M, were simulated in the
model using historical pumping rates provided by the City of Olean Public Works Department.
The pumping rates for the municipal wells used in the model were:

Modeled
biel Pumping Rate (gpm)
18M 615
37M/38M 609

gpm - gallons per minute

Correspondence with the City of Olean indicated that the wells are screened in the lower ten feet
of the City Aquifer.

Flow Model Engine
The above VMOD® inputs were translated and processed by the USGS MODular three-

dimensional finite-difference ground-water FLOW model, version 2005 (MODFLOW) engine.
MODFLOW can simulate steady state and transient state flow in irregularly shaped flow systems
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including external stresses to the flow system, such as flow to wells, area recharge,
evapotranspiration, flow to drains, and flow through river beds.

MODFLOW solves the ground water flow equation using the finite-difference approximation.
The flow region is subdivided into cells in which the medium properties are assumed to be
uniform. In plan view, the cells are made from the previously described grid, and a flow
equation is written for each cell. Several solvers are provided by the software for solving the
resulting matrix problem.

For the purpose of this modeling effort, the WHS Solver was selected for use. The WHS solver
is a proprietary solver developed by Waterloo Hydrogeologic Inc., and uses a Bi-Conjugate
Gradient Stabilized acceleration routine implemented with Stone incomplete decomposition for
preconditioning of the ground water flow partial differential equations. This solver, as all
iterative solvers, approaches the solution of alarge set of partial differential equations iteratively
through an approximate solution. Because the matrix equation for ground water flow is initially
"ill-conditioned”, effective pre-conditioning of these matrices is necessary for an efficient
solution.

The WHS solver works on atwo-tier approach to a solution at one time step. Outer iterations are
used to vary the factorized parameter matrix in an approach toward the solution. An outer
iteration is where the hydrogeologic parameters of the flow system are updated (i.e.,
transmissivity, saturated thickness, storativity) in the factorized set of matrices. Different levels
of factorization allow these matrices to be initialized differently to increase the efficiency of
solution and model stability. Inner iterations are used to iteratively solve the matrices created in
the outer iterations.

After completion of the ground water simulation using the MODFLOW engine and WHS solver,
the resultant outputs were compared to collected data from the site to assess model calibration.

Model Calibration

Model calibration is a process where the aquifer properties are modified until the modeled
hydraulic heads equal the measured hydraulic heads. In practice, the modeled heads never
exactly equal measured heads. The modeled heads should be a close approximation of the
measured heads. This is accomplished by comparing potentiometric surface contour maps of
measured vs. modeled heads. When these two maps have the same or similar shape contours and
the value of the contours are the same, the model is considered calibrated.

In order to calibrate this model, hydraulic conductivity, recharge, river, and constant heads were
modified in various parts of the model. The distribution of layer hydraulic conductivities for the
calibrated model is shown in the Table below.

Conductivity-K horizontal

Conductivity-K yertical

S =t (cm/sec) (cm/sec)
Layer 1 UWBZ 0.004 0.004
Layer 2 UA/UCTZ 1x 10" 1x 10"
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Layer Unit Conductivity-Knerizontar | Conductivity-K yertical
(cm/sec) (cm/sec)
Layers3and 4 UC/BC 0.6 0.6

cm/sec - centimeters per second

Recharge over model was calibrated to 3.5 inches per year. Multiple modeling runs were
performed with variation in value and distribution of recharge. Modeling outputs showed
significant effects of recharge over the final calibrated UWBZ flow field, and very little effects
over thefinal calibrated UC and BC flow fields.

Properties of the river boundary condition were additionally input and modified. The river
boundary condition was assigned using a line object in the model, and calculated conductance
each cell. During model construction, elevation data indicated that the Allegany River has
incised through the UWBZ. As a result, modeling outputs showed no influence of the river
system over the final calibrated UWBZ flow field, and localized effects to the UC and BC flow
fields.

I nitial Output

All parameters were input, and the model was allowed to run to steady state. The output heads
were compared with a known data set to assess for calibration. Multiple model runs were
conducted by modifying hydraulic conductivity, recharge, river, and constant heads.

Although the gradient in the UC/BC could be simulated, initial model outputs indicated that the
actual drawdown effected by the municipal wells in the UWBZ could not be reproduced. The
modeled maximum drawdown achieved in the UWBZ had to be less than the drawdown
achieved in the UC and BC. Using groundwater elevation data, an estimated drawdown of more
than 8 to 10 feet appears to be occurring in the UWBZ. An estimated drawdown of 3 to 5 feet
appears to be occurring in the BC. Since more actual drawdown occurs in the non-pumped
UWBZ versus the pumped BC, an alternative was sought to increase the modeled drawdown in
the UWBZ while maintaining the modeled drawdown in the UC and BC.

Two scenarios were proposed to actively increase drawdown the UWBZ in the vicinity of 18M.
The first scenario included aleaky municipal well, 18M. In this scenario, the pumping rate from
18M would be subdivided to allow for pumping from the UWBZ, the UC, and the BC, thus
simulating a leaky well casing. The subdivided well pumping scenario presented encouraging
results, however it could not fully simulate the increased UWBZ drawdown near the municipal
well without drying out the pumped UWBZ cells.

The second scenario simulated an absence of the UA in the vicinity of 18M. In this scenario, the
conductivity values of the second layer, which includes the UA and UCTZ, were increased to 10
% cm/sec to simulate a more permeable unit in the vicinity of 18M. This increased conductivity
zone isin the UA/UCTZ layer only, and extends approximately 100 feet from the well head. A
map showing the conductivity zone surrounding 18M is presented as Figure B-7.
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L ayer/Zone Unit Conductivity-K horizontal | Conductivity-K vertica
(cm/sec) (cm/sec)
1 UWBZ 0.004 0.004
2 UA/UCTZ 1x 10”7 1x 107
3 UC/BC 0.6 0.6
18M Permeability Zone UA/UCTZ 1x 10° 0.0008

cm/sec - centimeters per second

The 18M permeability zone scenario demonstrated the best results. Groundwater gradients near
18M in the UWBZ were much steeper than in previous model runs.

Final Steady State M odel Run

Since each model has different objectives and must be calibrated to different conditions, the
acceptability of calibration can be generally subjective. However, there are some generally
accepted methods of evaluating and interpreting the model calibration using both qualitative and
guantitative measures.

All parameters were finalized, and the model was allowed to run to steady state using the
MODFLOW 2005 engine with WHS Solver Package. The output heads were compared with a
known data set to assess for calibration. Calibrated model hydraulic head contour maps that
overlie the February 2012 groundwater contour map are presented as Figur es B-8 though B-10.
Qualitatively, the calibrated hydraulic head data reasonably fit the observed head data.

Severa statistical inferences were employed to provide a good measure of the overall goodness
of fit of the model, which include the Calibrated Residual, the Absolute Residual Mean, the
Normalized Root Mean Square, and the Correlation Coefficient.

Calibrated Residual

The Cadlibration Residual (Ri) is defined as the difference between the calculated results (Xca, or
Model Calculated Head) and the observed results (Xons, O Observed Head) at selected data
points = " (as shown in the following equation):

R.-' = Xm.' _Xala
Xobs - Observed Xca - Model R; - Calibration
Well Unit Head Calculated Head (ft Residual
(ft amd) amgl) (ft)

CW-13A UWBZ 1413.72 1413.585 -0.13467
RU-1 UwBZ 1422.22 1422.957 0.737275
RU-11 UWBZ 1414.87 1414.326 -0.54444
RU-13R UwBZ 1416.51 1414.18 -2.32958
RU-15 UwBZ 1414.94 1415.945 1.005312
RU-16 UWBZ 1414.47 1415.07 0.599702
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Xobs - Observed Xca - Mod€ R; - Calibration
well Unit Head Calculated Head (ft Residual
(ft amd) amsl) (ft)
RU-17A UWBZ 1419.75 1419.921 0.171265
RU-4 UwWBZ 1416.61 1415.689 -0.92091
RU-5 UWBZ 1416.57 1415.125 -1.44512
RU-6 UWBZ 1416.46 1414.511 -1.94938
RU-7 UWBZ 1407.95 1408.666 0.71626
RU-8 UWBZ 1417.97 1413.387 -4.58279
RU-9 UWBZ 1415.61 1415.456 -0.15407
UA-2 UWBZ 1414.56 1415.297 0.736509
UA-3 UwWBZ 1414.88 1414.871 -0.00866
UA-4 UWBZ 1406.69 1410.073 3.382998
UA-5 UWBZ 1416.57 1415.323 -1.24688
UC-1 ucC 1406.59 1406.719 0.129116
UC-2 ucC 1406.77 1406.856 0.086079
UC-3 ucC 1406.59 1406.702 0.111782
uC-4 ucC 1406.42 1406.579 0.159346
UC-5 ucC 1406.28 1406.459 0.179473
BC-1 BC 1406.63 1406.72 0.09021484
BC-2 BC 1406.61 1406.746 0.1357275
BC-3 BC 1406.59 1406.703 0.1132471
BC-4 BC 1406.39 1406.579 0.1892236
BC-5 BC 1406.28 1406.465 0.1848438
B-1 BC 1419.8 1418.886 -0.91414
18M BC 1402 1403.08 1.079834
CW-13 BC 1406.26 1406.542 0.282481

ft amdl - feet above mean sealevel

The Residud Mean ‘) is a measure of the average Calibration Residual value defined by the
eguation:

= 1
R= -3 R
i=1
The average of the residuals at the measurement points is generally a good indicator of how well
the model was calibrated. However, positive and negative residual values can either negate each
other or produce residual mean values lower than actually present. This can lead to a false
interpretation of model calibration. A better interpretation of model calibration, using Absolute

Residual Mean, is used as a more adequate indication of calibration than the Residual Mean.

Absolute Residual M ean

The Absolute Residua Mean & is similar to the Residual Mean except that it is a measure of
the average absolute Residual value defined by the equation:
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Bl =15 k)

i=1

The overall Absolute Residual Mean, as well as the Absolute Residua Mean of each unit is

presented bel ow:

Unit Value
X obs - max Overall 1422.22
Xobs - min Overall 1402
Abs. Residual Mean Overall 0.81
Abs. Residual Mean UWBZ 0.94
Abs. Residual Mean ucC 0.13
Abs. Residual Mean BC 0.17

The Absolute Residual Mean of the current model illustrates that on an average, the discrepancy
between measured and simulated heads is 0.81 feet. For model calibration, the Absolute Residual
Mean divided by the range in head at all targets should be less than 10 percent. The overall
model calibrated to 4 percent for all targets, which is an indicator of good model calibration.

Normalized Root M ean Squared

The Root Mean Squared error (RMYS) is defined by the following equation:

The Normalized Root Mean Squared is the RMS divided by the maximum difference in the
observed head values, and is expressed by the following equation:

REMS
{Xo.f.'s :'.l‘i‘jﬂ_[ - {Xﬂ-b.i ]mJ'J.'

NormalizedRMS =

The Normalized RMS is expressed as a percentage, and is a more representative measure of the
fit than the standard RMSS, as it accounts for the scale of the potential range of data values.

The overal RMS and Normalized RM S are presented below:

Unit Value
Xobs - max Overall 1422.22
Xobs- min Overal 1402
RMS Overdl 1.31 feet
Normalized RMS Overall 6.50%

In the current model, an RM S of 1.31 feet was determined, which is approximately 0.1 percent of
the simulated heads in the model. For model calibration, the normalized RMS should be less
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than 10 percent. During calibration, a normalized RMS of 6.50 percent was calculated, which
signifies an acceptable model fit.

Correlation Coefficient

The Correlation Coefficient (Cor) is calculated as the covariance (Cov) between the calculated
results (Xca) and the observed results (Xqps) a selected data points divided by the product of their
standard deviations. The correlation coefficient is calculated using the following equation:
Cal'{xmis Xoa"s)

Ocai*O,p;

C Or{XﬂaP Xﬂbs} =
The covariance is calculated using the following equation:

1 ”
Cal.(xcah Xobs } = E Z (X] - ilcaf}{xi - “95"5}
i=1

Where Heai and HMess are the mean values of calculated and observed results, respectively.

"
1
Heam -'_I Z Xcaf

i=1

"
1
Kops™ F_I Z Xobs

i=1

The standard deviations are calculated by the equations:

n
1 2
Cral = '\/TI E [me_“-cm']

i=1

"

Gobs = "/ﬂ_]; E [Xobs _l-Lobs ]:
i=1
Correlation Coefficients range in value from -1.0 to 1.0. The Correlation Coefficient determines
whether two ranges of data move together. A Correlation Coefficient of 1.0 would indicate a
perfect fit of the data.

In the current model, a Correlation Coefficient of 0.973 feet was determined, which is indicative
of large values of one data set associated with large values of the other data set (positive
correlation). This Correlation Coefficient signifies an acceptable model fit.

As the result of qualitative and gquantitative measures supporting a model calibration, the model
was approved for remedial scenario modeling.

Remedial Scenario Modeling

A groundwater containment system was evaluated to capture groundwater flow migrating from
the Site towards 18M. Multiple remediation scenarios were input into the calibrated model to
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assess the efficiency in capturing the Plume Zone. A map showing the modeled remediation
scenarios is presented as Figure B-11.

Vertical Recovery Well Scenario

To approximate a recovery well scenario, pumping wells were constructed in the model along
the southeastern boundary, and downgradient flow side, of the Site. To cover the Plume Zone,
eight pumping wells (numbered PW-1 through PW-8 from northeast to southwest) were spaced
approximately 20 to 25 feet apart. Each pumping well was screened across the entire thickness
of the UWBZ.

To simulate capture of the Plume Zone, the eight wells were pumped to steady state. A pumping
rate for each well was selected, and subsequently changed until the Plume Zone was captured
without the pumped node going dry. Based on this procedure, the following pumping rates for
each well captured the Plume Zone, and are:

Wl Pumping Rate well Pumping Rate
(9pm) (9pm)
PW-1 0.75 PW-5 1.0
PW-2 0.75 PW-6 1.1
PW-3 0.8 PW-7 1.25
PW-4 1.0 PW-8 1.25
Total 7.9

gpm - gallons per minute

A map showing the modeled UWBZ groundwater contours with eight recovery wells pumping is
presented as Figure B-12. The eight recovery well scenario indicated that Plume Zone capture
from underneath the building is occurring. The recovery well scenario effectively prevents
impacted UWBZ groundwater from entering 18M.

These eight wells pumping from the UWBZ also capture groundwater flow across the Plume
zone in the UA/UCTZ as shown in Figure B-13. Groundwater flow in the City Aquifer was not
affected by this pumping.

Horizontal Recovery Trench Scenario

A horizontal recovery trench was modeled using the drain package in MODFLOW. The
recovery trench was placed in the same location as the vertical recovery well along the
southeastern boundary of the Site between the Site and 18M. The drain was constructed as part
of the UWBZ, with the base dightly above the base of the UWBZ and screened for the entire
thickness of the UWBZ. Total length of the drain was approximately 160 feet.

The horizontal recovery trench model was run to steady state at an elevation of 1406 feet amsl.
The maximum modeled flow rate for the horizontal recovery trench scenario was approximately
9.6 gpm.
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The horizontal recovery trench scenario indicated that Plume Zone capture from underneath the
building is occurring. The recovery trench effectively prevents impacted UWBZ groundwater
from entering 18M. A map showing the modeled UWBZ groundwater contours with horizontal
recovery trench pumping is presented as Figure B-14.

The recovery trench pumping from the UWBZ aso captures groundwater flow across the Plume
Zone in the UA/UCTZ as shown in Figure B-15. Groundwater flow in the City Aquifer was not
affected by this pumping.
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CDM

Smith

Memorandum

To: Robert Prezbindowski - Alcoa

From: Michael J. Hoffman, PG, C.HG
Michael J. Smith, PhD — CDM Smith Inc.
Kent S. Sorenson, Jr., PhD, PE — CDM Smith Inc.

Date: December 17, 2012

Subject:  Olean Groundwater Model Calibration and Capture Simulations

This memorandum summarizes modifications to the Olean Groundwater Model (Model) described
in Appendix B in order to represent a different conceptual site model. Calibration of a numerical
groundwater model will almost always generate a non-unique solution, and in some cases, multiple
conceptual site models could be used to produce a numerical model calibration that reasonably
reproduces observed hydraulic heads. Given that this was the case for this Site, the project team
felt it was important to run simulations for a second conceptual site model scenario to ensure that a
wide range of possible outcomes was represented.

The model calibration described in Appendix B achieved a reasonable match to observed hydraulic
head data in the Upper Water Bearing Zone (UWBZ) through inclusion of a relatively high
permeability vertical communication zone around the city production well, 18M. An alternative
interpretation of the observed data would be that two of the wells on the east side of the Site
previously interpreted to be screened in the UWBZ are actually completed in lower permeability
soils consistent with the upper aquitard (UA). This would explain the significant head difference in
that area relative the other UWBZ wells without requiring the high permeability zone around 18M.

In August and September of 2012, CDM Smith obtained from Environeering the Model described in
Appendix B. CDM Smith evaluated the model, performed modifications of the model structure
based on this alternative interpretation of the boring logs, performed a steady state recalibration of
the modified Model using the February 2012 water level data, and performed extraction well and
trench capture simulations. In addition, the transport of sulfate potentially produced from in situ
chemical oxidation at the facility was simulated with both calibrations in order to determine
whether it might detrimentally impact the production well, 18M.
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Existing Model Modifications

The initial changes involved modifications to the model framework to avoid extreme aspect ratios
on the grid geometry. This was done to minimize potential numerical solution issues when the
model is used for transport analysis. These modifications maintained the number of rows and
columns within the limits of the graphical user interface. In addition, the aquitard separating the
upper and lower aquifers was subdivided into two layers simply to facilitate transport simulations.
The properties of the two layers remained identical to each other. Boring logs in the area of
interest were evaluated, and the elevations of the top and bottom of the aquifer were modified in
the model to conform to this interpretation. Areas outside of the facility area were maintained at
their values in the original model. Comparisons of simulated and observed heads used the alternate
interpretation of the zone in which the wells were completed

The hydraulic properties in the model were assumed to be uniform within each layer, with the
exception of the upper aquifer, where an additional property zone was added in the area near UA-4,
UC-5 and CW-13, since the more permeable UWBZ material appears to be absent in this area.

Numerical Groundwater Model Design

The following section describes the Model design including the Model code, grid, boundary
conditions, wells, hydraulic parameters, and calibration targets.

Model Code Selection

For consistency, the groundwater flow was simulated using the same code as the original model,
the U.S. Geological Survey model code MODFLOW-2005; a standard, widely available open source
code model. This 3-dimensional, finite difference, groundwater flow model is capable of simulating
all of the processes that are included in the Site conceptual model. MODFLOW-2005 uses a variety
of solution techniques that can effectively simulate most natural systems. As in the original Model,
the WHS Solver was selected for use. The WHS solver is a proprietary solver developed by
Schlumberger that facilitates solving of the flow equations in the model.

Model Grid and Stress Periods

The computational grid for this model is constructed with 325 rows, 365 columns, and 5 layers.
The row and column spacing start at 80 feet by 80 feet at the edges of the grid and reduce to 40 ft x
40 ft, 20 ft x 20 ft, 5 ft x 5 ft moving inwards. The row and column spacing was refined to 4 feet by 4
feet over the plant area. The grid represents an area 9,000 ft by 6,700 feet (1,384 acres). The grid
size selected was based on maintaining sufficient discretization to obtain a numerical solution that
converged and was in mass balance with reasonable execution times. The Model grid in its entirety
is shown on Figure 1 and a close up of the plant area is shown in Figure 2.
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Layer 1 represents the UWBZ, Layers 2 and 3 represent the upper aquitard and upper City
transition zone (UA/UCTZ), Layer 4 represents the Upper City Aquifer (UC), and Layer 5 represents
the Bottom City aquifer (BC). CDM Smith interpreted the layer thicknesses and elevations in the
plant area from the existing boring logs.

All flow simulations were conducted as steady-state, with no changes in storage, to represent long-
term average conditions.

Boundary Conditions

Constant head boundaries were used in the UWBZ, UC, and BC to impose the regional hydraulic
gradient on the model. The UWBZ extended from the top of the model (north of the Site) to the
Allegany River (south of the Site). The boundary cells for the UWBZ and UC/BC are shown on
Figures 3 and 4.

Recharge

Recharge was not changed from the original Model, with a recharge rate of 3.5 in/year applied to
the uppermost saturated layer.

Municipal Wells

There are two municipal wells in the model, 18M and 37M/38M, both of which are screened in the
bottom 10 feet of the UC. The wells are currently being operated at 615 gallons per minute (gpm)
and 609 gpm, respectively. Well 18M is of primary concern as is has the potential to pull in
constituents and remediation breakdown products. Well 37M/38M is located south of the Allegany
River and has minimal impact on flow at the site. The locations of the municipal wells are shown on
Figure 5.

Head Observation Wells

Thirty onsite wells are used as head observation (monitoring) wells in the model. There are 15
monitoring wells in the UWBZ, seven in the UC, and eight in the BC. Table 1 summarizes the head
observation wells. The locations of the head observation wells are shown on Figure 6.
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Table 1
Head Observation Wells
Well Unit Well Unit
CW-13A UWBZ UA-3 UWBZ
RU-1 UWBZ UA-4 UA/UCTZ
RU-11 UWBZ UA-5 UWBZ
RU-13R UWBZ UC-1 ucC
RU-15 UWBZ UC-2 ucC
RU-16 UWBZ UC-3 ucC
RU-17A UWBZ Uc-4 ucC
RU-3 UWBZ UC-5 ucC
RU-4 UWBZ BC-1 BC
RU-5 UWBZ BC-2 BC
RU-6 UWBZ BC-3 BC
RU-7 UA/UCTZ BC-4 BC
RU-8 UWBZ BC-5 BC
RU-9 UWBZ B-1 BC
UA-2 UWBZ CW-13 BC

Hydraulic Parameters

The properties of hydraulic conductivity were assigned to zones, and a zone was assigned to the
entire layer with the exception of the UWBZ which has two hydraulic conductivity zones to account
for the area near UA-4, UC-5 and CW-13 since the more permeable upper aquifer material appears
to be limited in this area. Table 2 summarizes the initial hydraulic properties. The hydraulic
conductivity zones for the UWBZ are shown in Figure 7.

Calibration

Table 2

Initial Model Hydraulic Properties

Layer(s) Unit Kx (cm/sec) Kz (cm/sec)
1 UWBZ 0.004 0.004
2and 3 UA/UCTZ le-07 le-07
4 UC 0.6 0.6
5 BC 0.6 0.6

Calibration to the supplied steady-state water level data set was done using automated (using the
parameter estimation program PEST) and heuristic (manual) methods to determine the final
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hydraulic conductivity values. A uniform ratio of 10:1 was specified for the horizontal to vertical
hydraulic conductivity in all layers. The calibrated hydraulic properties are summarized in Table 3.

Table 3
Calibrated Model Hydraulic Properties

Layer(s) Unit Kx (cm/sec) Kz (cm/sec)
1 UWBZ 0.0057 to 0.0044 0.00057 to
0.00044
2 and 3 UA/UCTZ 5e-05 5e-06
4 Uc 0.6 0.6
5 BC 0.6 0.6

Table 4 summarizes the observed, simulated and residual values from the monitoring wells. The
model statistics are summarized in Table 5, and the calibration graph of observed versus simulated
heads is shown in Figure 8.

Fate and Transport Simulations

CDM Smith performed fate and transport simulations of sulfate (a remediation byproduct) using
the code MT3DMS to access the impact of these chemicals on municipal well 18M. The initial
sulfate concentration in the source area was 28,000 mg/L based on conceptual sodium persulfate
injection concentrations. Sulfate was not considered a constant source. No sorption or degradation
was assumed. Peak conditions were reached at 440 days. The constituents in the source area are
rapidly transported east towards well 18M. Dilution in the lower aquifer limits the simulated
sulfate concentrations detected in well 18M. The peak simulated sulfate concentration at well 18M
was approximately 0.18 mg/L. Figure 9 shows the results of the fate and transport simulations.

Capture Scenarios

The purpose of the capture zone analyses is to determine whether the source area can be
hydraulically contained to prevent transport of constituents in groundwater associated with the
source area near the facility to municipal well 18M. Two capture scenarios were simulated with the
calibrated steady state Model; a horizontal recovery trench scenario and an extraction wells
scenario. Capture zone analyses were performed by placing a line of particles in Layer 1 (UWBZ)
on each side of the trench or wells between the source area and the 18M. The particles were then
simulated backwards in time using the program MODPATH, outlining a capture zone. Each case is
discussed below.
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Table 4

Calibration Statistics

Well Unit Observed Head | Simulated Head | Residual
(feet MSL) (feet MSL) (feet)
CW-13A UWBZ 1413.72 1414.807 -1.087
RU-1 UWBZ 1422.22 1420.427 1.793
RU-11 UWBZ 1414.87 1414.726 0.144
RU-13R UWBZ 1416.51 1417.371 -0.861
RU-15 UWBZ 1414.94 1415.481 -0.541
RU-16 UWBZ 1414.47 1414.986 -0.516
RU-17A UWBZ 1419.75 1417.98 1.77
RU-3 UWBZ 1412.54 1414.701 -2.161
RU-4 UWBZ 1416.61 1416.875 -0.265
RU-5 UWBZ 1416.57 1416.958 -0.388
RU-6 UWBZ 1416.46 1417.221 -0.761
RU-7 UA/UCTZ 1407.95 1408.655 -0.705
RU-8 UWBZ 1417.97 1415.798 2.172
RU-9 UWBZ 1415.61 1415.627 -0.017
UA-2 UWBZ 1414.56 1415.101 -0.541
UA-3 UWBZ 1414.88 1414.856 0.024
UA-4 UA/UCTZ 1406.69 1408.81 -2.12
UA-5 UWBZ 1416.57 1417.573 -1.003
UC-1 [0 1406.59 1406.842 -0.252
UC-2 ucC 1406.77 1407.048 -0.278
UC-3 ucC 1406.59 1406.783 -0.193
UC-4 UcC 1406.42 1406.482 -0.062
UC-5 ucC 1406.28 1406.241 0.039
BC-1 BC 1419.8 1417.431 2.369
BC-2 BC 1406.63 1406.847 0.217
BC-3 BC 1406.61 1406.872 0.262
BC-4 BC 1406.59 1406.791 0.201
BC-5 BC 1406.39 1406.466 0.076
B-1 BC 1406.28 1406.239 0.041
CW-13 BC 1406.26 1406.371 0.111
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Table 5
Calibration Statistics

Minimum Residual (feet) -2.16
Maximum Residual (feet) 2.17
Residual Mean (feet) -0.27
Absolute Residual Mean (feet) 0.58
Standard Deviation (feet) 0.86
Sum of Squares (feet) 21.29
Number of Observations 27
Range (feet) 4.33
% Error

(abs res mean/range x 100) 1344

Horizontal Recovery Trench Scenario

Drain-type boundary cells were introduced into Layer 1 (UWBZ) of the Model to simulate the
trench scenario. The trench trends southwest to northeast. The drain is confined in Layer 1
(UWBZ) and the elevation varies from 1,412.8 ft MSL to 1,414.7 ft MSL and the conductance varies
from 408 ft/day to 1,293 ft/day. The total flow rate from the trench is 2.3 gpm. A capture zone was
estimated using reverse particle tracking and demonstrates the trench effectively captures the
source area. Figure 10 illustrates the particle tracking analysis for the recovery trench scenario.

Extraction Wells Scenario

Well boundary cells were introduced into Layer 1 (UWBZ) of the Model to simulate the extraction
wells scenario. The wells are position in a line oriented southwest to northeast, as was the
recovery trench. The wells are screened in Layer 1 (UWBZ). The extraction wells’ pumping rates
are summarized in Table 6. The pumping rates were determined by using the maximum extraction
rate in each well that would not generate dry cells in Layer 1. A capture zone was estimated using
reverse particle tracking and demonstrates the trench effective captures the source area. Figure 11
illustrates the particle tracking analysis for the extraction wells scenario.

Table 6
Extraction Well Pumping Rates
Well Name | T UMPping Rate Well Name | Pumping Rate
(gpm) (gpm)
PW-1 0.75 PW-5 0.12
PW-2 0.5 PW-6 0.12
PW-3 0.25 PW-7 0.25
PW-4 0.12 PW-8 0.5

CDM Calibration Memo_draft final



Mr. Robert Prezbindowski
December 17,2012
Page 8

Summary and Conclusions

CDM Smith modified and recalibrated the Olean steady state groundwater model. Two capture
scenarios were simulated using the calibrated, steady state model to assess the ability to contain
dissolved constituents in groundwater near the facility such that they would not impact municipal
well 18M; a horizontal recovery trench and a linear, extraction well barrier. Particle tracking was
performed to assess the capture effectiveness of each scenario. The simulated flow from the
recovery trench scenario is 2.3 gpm. The simulated combined flow from the extraction wells is 2.6
gpm. The simulated capture zones from each scenario appear to be similar. Generally, a horizontal
recovery trench has greater effectiveness in intercepting contamination than an extraction well
barrier, but both appear to meet the objective of hydraulic containment. Further field testing would
be required to determine actual sustainable flow rates.

In addition, the recalibrated model was used to simulate the potential remediation byproduct of in
situ chemical oxidation, sulfate, to determine whether it might detrimentally impact 18M. The
simulation indicated a peak sulfate concentration in the well of just 0.18 mg/L, even with no
attenuation of sulfate in the system. This small increase would not pose a concern of exceeding the
secondary maximum contaminant level for sulfate of 250 mg/L.

cc: Tim White - Environeering, Inc.

CDM Calibration Memo_draft final



ENI, LLC

Appendix C

Data Evaluation for ISCO Pilot Study



DM
%mlth

555 17" Street, Suite 1100
Denver, Colorado 80202
tel:  303-383-2300

fax: 303-308-3003

October 4, 2012

Mr. Robert Prezbindowski
Alcoa, Inc.

2300 North Wright Road
Alcoa, Tennessee 37701

Subject: Data Evaluation for the In-Situ Chemical Oxidation Pilot Study, Alcas Cutlery
Corporation Facility, Olean, New York

Dear Mr. Prezbindowski:

CDM Smith Inc. (CDM Smith) conducted an In-Situ Chemical Oxidation Pilot Study at the former
Alcas Cutlery Corporation Facility in Olean, New York in support of the focused feasibility study.
The pilot study was completed in accordance with the approved In-Situ Chemical Oxidation Pilot
Study Work Plan dated March 29, 2012 (CDM Smith 2012a). The purpose of the pilot study was to
evaluate the potential for chemical oxidation using activated sodium persulfate to reduce
concentrations of trichloroethene (TCE) near a source area at the manufacturing building on site.
Prior bench-scale tests completed by CDM Smith (CDM Smith 2012b) indicated that sodium
persulfate activated using high pH (sodium hydroxide) at a concentration of 5% by weight was
effective at reducing TCE mass and concentration in groundwater.

The pilot study injection of activated persulfate was completed between April 18 and April 20,
2012. Following the injection, performance groundwater monitoring events were completed on
May 2 and May 24, 2012. These data were summarized in the Preliminary Data Evaluation report
for the pilot study activities dated June 22, 2012 (CDM Smith 2012c). This letter report presents
the results of groundwater monitoring completed at the site on June 27 - 29, 2012 and September
6, 2012, and presents conclusions from the pilot study and an evaluation of the feasibility of
activated persulfate as a remedial technology for the site.

June Sampling Results

The field activities associated with implementation of the activated persulfate injection pilot study
at the Cutco facility prior to May 24, 2012 were summarized in the Preliminary Data Evaluation
report (CDM Smith 2012c). Following completion of the preliminary data evaluation, two
subsequent groundwater sampling events have been completed in order to evaluate whether
concentrations of TCE had rebounded to an equilibrium concentration following exhaustion of the
oxidant from the initial activated persulfate injection during the pilot study. As described in the
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preliminary data summary report, it is likely that the baseline groundwater sample collected from
RU-4 contained an artificially low concentration of TCE (44 mg/L) when compared to historical
values, which ranged from 130 milligrams per liter (mg/L) to over 300 mg/L. Most importantly,
the sample collected during November 2011 contained TCE at 150 mg/L. At the time of the
preliminary data evaluation report, TCE concentrations were exhibiting an increase at well RU-4
following exhaustion of the oxidant from the pilot study, and a recommendation was made to
complete additional sampling to evaluate when TCE concentrations at RU-4 reached an equilibrium,
at which time a determination could be made whether additional injection of persulfate would be
necessary to complete the evaluation of in-situ chemical oxidation as a potential remediation
technology for the site.

The groundwater monitoring event between June 27 and 29, 2012 was completed approximately
ten weeks after completion of injection activities. This event included monitoring at a total of eight
wells on the Alcas property, and included sampling of wells outside of the pilot study cell to
evaluate whether impacts occurred in the surrounding aquifer. Of greatest interest for this report
were the results from wells RU-4, RU-22A, and RU-22B within the pilot study cell. Attachment A
presents the data from these three monitoring wells throughout the pilot study, and presents
volatile organic compounds (VOCs) in both mass and molar concentrations. All analytical data
collected during the pilot study are presented in Tables 1 and 2.

The TCE concentration at RU-4 increased from 56 mg/L on May 24, 2012 to 74 mg/L on June 27,
2012, and the trend at this well had exhibited a nearly linear increase between May 2 and June 27,
2012. The results indicated that an equilibrium concentration had not yet been reached at that
location. Concentrations of cis-1,2-dichloroethene (cis-DCE) and vinyl chloride (VC) increased at
this location as well. Given that RU-4 appears to be located in close proximity to residual
nonaqueous TCE based on high historical concentrations, a rebounding trend was expected to occur
following depletion of the oxidant. The increasing trend in VOCs coincided with an increase in
chloride concentrations. The increase in chloride from 271 mg/L to 1250 mg/L observed in RU-4
on May 24 may be the result of destruction of chlorinated VOCs by the activated persulfate.
Chloride remained elevated in June, at a concentration of 949 mg/L. Sulfate concentrations,
however, decreased significantly from 841 mg/L on May 24 to 209 mg/L on June 27. This result
indicates that sulfate decreased to below the secondary MCL of 250 mg/L approximately 10 weeks
after injection, even in a well directly impacted during activated persulfate injection. Due to the
continued increase in VOC concentrations in RU-4 during the sampling event in June 2012, an
additional groundwater sampling event was recommended to evaluate equilibrium concentrations
following injection activities.

At RU-22B, the previously observed decreasing trend in VOC concentrations continued during the
June 2012 sampling event, with TCE decreasing from 10 mg/L to 5.7 mg/L, a decrease of about 87%
compared to the baseline concentration of 43 mg/L at this location. This result is encouraging, as it
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appears that TCE concentrations were significantly reduced by the injected oxidant at this location,
and that reduced concentrations continued to persist (and even drop further) more than two
months after injection. The relative concentrations of cis-DCE and VC increased during the June
sampling event. These data are likely indicative of reductive biological degradation of TCE, which
has been observed on the fringes of chemical oxidation injections at other sites. This is typically
attributed to increased dissolved organic carbon in groundwater that results from the partial
oxidation of natural organic matter. The decrease in overall chlorinated VOC concentrations at this
well is accompanied by a slight increasing trend in chloride concentrations, which provides another
line of evidence that chlorinated VOCs have been destroyed in the vicinity of this well.

VOC concentrations at well RU-22A, screened between 10 and 15 feet bgs, have exhibited lower
VOC concentrations throughout the pilot study when compared to RU-22B and RU-4. RU-22A has
also exhibited higher molar concentrations of cis-DCE and VC compared to TCE, which differs from
the other pilot study monitoring wells, suggesting that different geochemical conditions existed at
this location from the outset. At RU-22A, an increase in TCE concentration from 2.8 mg/L to 4.6
mg/L was observed during the June sampling event; however, the overall molar concentrations of
chlorinated VOCs remained relatively unchanged. As described in the preliminary data summary
report, little influence from the persulfate injection was observed at well RU-22A.

One of the objectives of the pilot study was to evaluate the potential for adverse secondary impacts
to groundwater quality due to the activated persulfate injection activities. The constituents
evaluated as having potential to affect water quality were dissolved metals, hexavalent chromium,
and bromate. Additionally, sulfate concentrations are being evaluated due to potential to exceed
secondary MCLs due to utilization of the sodium persulfate oxidant. Table 2 presents the data for
metals, hexavalent chromium, and bromate during the pilot study. At RU-4, which was directly
impacted by the persulfate injection, several dissolved metals, notably aluminum, arsenic, total
chromium, and vanadium, increased during the monitoring event two weeks after injection.
Additionally, sodium increased significantly from 154 mg/L to 3,590 mg/L at two weeks post-
injection; this result was expected due to breakdown of the sodium persulfate oxidant. However,
concentrations of these metals decreased during sampling five weeks post-injection, and had
returned to approximately baseline concentrations by ten weeks post-injection. These results
indicate that within the treatment zone, a temporary increase in dissolved metals can be expected
immediately following oxidant injection, but that the effects are short-lived and the metals are
likely to attenuate following depletion of the oxidant. Bromate was not detected at any wells at the
site during either baseline sampling or 10 months post-injection. Hexavalent chromium was not
detected at concentrations above 0.01 mg/L during any monitoring events. While hexavalent
chromium was detected in four samples during sampling in June 2012, all concentrations were
barely above the detection limit. These results indicate that there is minimal potential for
detrimental water quality impacts resulting from chemical oxidation byproducts at the site.
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September Sampling Results

As described above, an additional groundwater sampling event was determined to be necessary to
evaluate whether an equilibrium concentration of VOCs had been re-established, and the magnitude
of the new equilibrium. The proposed sampling program was presented in a letter to EPA dated
August 27,2012. The additional sampling was approved during a project conference call with EPA
on August 30, 2012. Wells RU-4 and RU-22B were sampled for VOCs and anions (sulfate and
chloride) on September 6, 2012.

At RU-4, the TCE concentration decreased from 74 mg/L in June 2012 to 59 mg/L, and other VOC
concentrations decreased in a similar manner as indicated in the attached charts. The total molar
concentration of chlorinated VOCs decreased slightly from June to September. This result,
approximately four months after the oxidant from the pilot study was exhausted, likely indicates
that a new equilibrium TCE concentration has been established, and is at least 50% lower than
historical concentrations. This result is very encouraging, as it appears to indicate that the oxidant
destroyed a portion of the residual nonaqueous TCE present near RU-4, thereby decreasing the
equilibrium TCE concentration in groundwater. Sulfate and chloride concentrations have also
continued to decrease, with sulfate decreasing from 209 mg/L to 139 mg/L, and chloride
decreasing from 949 mg/L to 797 mg/L.

The analytical results from RU-22B indicated an increase in TCE concentration, from 5.7 mg/L to
9.1 mg/L, while other chlorinated VOC concentrations decreased. Although TCE increased during
the September sampling event, the total molar concentration of chlorinated VOCs actually
decreased slightly, down more than 70% from the peak concentration measured on May 2, 2012.
This result is also encouraging, as the decrease in VOC concentrations since the baseline sampling
event appears to be sustained four months after the oxidant has been exhausted, and the
September concentrations represent a decrease in total VOCs of 70% at this location.

Summary and Conclusions

The analytical results described above were discussed in a project conference call on September 21,
2012. The lower equilibrium concentration observed at RU-4, approximately 50 percent below
historical concentrations, along with the significant reduction of total VOCs at RU-22B indicate that
activated persulfate can be effective for destroying TCE at the site. However, it is important to note
that implementation of this technology at full-scale in the source areas at the site will not result in
reduction of groundwater concentrations to below MCLs. What it appears the technology can do is
dramatically reduce the mass of VOCs in the shallow groundwater, which will significantly reduce
their flux into the Upper City Aquifer from the site.
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The effectiveness of in situ chemical oxidation will be controlled by the ability to distribute the
injected oxidant into the heterogeneous subsurface at the site, which includes the variable presence
of low-permeability soils in the vicinity of the source area. The challenge this presents was
demonstrated during the pilot study, as little to no effect of activated persulfate injection was
observed at well RU-22A4, located roughly the same distance from the injection well as RU-22B, but
screened in the upper 5 feet of the 10-ft injection zone rather than the lower 5 feet. During
remedial design, options would be evaluated to better distribute oxidant throughout the treatment
area (e.g., recirculation during injection, additional injection points) to more effectively treat VOC
mass. Additionally, it is likely that sequential oxidant injections will result in a smaller reduction in
VOC concentrations, leading to a point of diminishing returns for subsequent injection activities. It
is important to set realistic objectives for performance of in situ chemical oxidation as a remedy for
the site, such as a target percentage (e.g., 70 to 80 percent) reduction in VOC mass within the source
area, rather than expecting this technology to reduce concentrations to MCLs in groundwater in the
upper water-bearing zone at the Alcas facility.

While the September 2012 sampling results show promise for chemical oxidation as a potential
remediation technology for high TCE concentrations in groundwater near the facility, it is
important to note that numerical modeling will need to be completed to evaluate the potential for
transport of sulfate from injection activities toward the municipal supply well. This evaluation will
be included in the focused feasibility study document that presents the remediation technologies
considered for the site.

Please feel free to contact us if you have any questions regarding this report at 303-383-2300, or at
smithnl@cdmsmith.com or sorensonks@cdmsmith.com.

Sincerely,

Neil L. Smith, P.E. Kent S. Sorenson, Jr., PhD, P.E.
Environmental Engineer Senior Vice President

CDM Smith Inc. CDM Smith Inc.

cc: Mr. Timothy White (ENI, LLC)
Mr. Michael Walters (U.S. Environmental Protection Agency)

Attachment A - VOC Mass and Molar Charts
Attachment B - References



VOC - Mass Concentrations Redox Conditions General Chemistry
g
w Q o 2
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Sample w w N 2 > 3 s 2 g 8 go 2 £ s S £
Well ID Date 2 2 g £ S o 28 58 | 6 | & |26 £ |8 e | 2|16 | =
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mV mg/L | mg/L s.u. |uS/cm|degC | NTU | mg/L | mg/L
D2 4/12/2012 | 0.0041 4.1 0.091 | 0.0026 | 0.0041 [ 0.0023 0.74 8.78 -49 9.4 |[<0.005( | 11.98 | 1325 | 11.67 23 NS 420
6/28/2012 | <0.036 16 0.34 <0.09 <0.09 <0.029 0.46 6.85 | -12.4 | 35.7 |<0.005| | 10.81 | 498 [ 14.04 | 10.3 NS 180
RU22A 4/13/2012 0.012 1.4 2.4 0.026 4.2 <0.0058 13.8 7.51 | 340.7 | 5.4 |<0.005 6.44 | 4990 | 14.04 | 4.15 | 203 220
5/2/2012 <0.014 3.4 3.1 <0.036 3.7 <0.012 NS 0 2322 | 7.6 NS 7.69 | 4628 | 14.6 6.5 195 280
5/24/2012 0.027 2.8 2.7 <0.036 3.6 <0.012 NS 3.77 86 65.3 NS 6.52 | 4750 | 13.09 | 9.7 2020 | 260
6/27/2012 0.029 4.6 3.2 <0.036 3.4 <0.012 4.4 1.23 | 70.4 51 |<0.005 6.58 | 4898 | 18.61 | 10.1 | 1770 | 500
RU22B 4/18/2012 0.072 43 14 0.088 4.4 0.041 10.2 6.48 | 146.6 65 |<0.005 6.97 | 3020 | 1479 | 2.8 1000 | 460
5/2/2012 <0.14 23 24 <0.36 17 <0.12 NS 0 180.8 | 2.8 NS 6.77 | 3515 | 16.47 | 4.12 | 25.9 460
5/24/2012 | <0.045 10 9.4 <0.11 7.7 <0.036 NS 1.46 | 37.4 112 NS 6.61 | 3589 | 13.69 | 3.28 | 1240 | 540
6/27/2012 | <0.045 5.7 12 <0.11 9.1 <0.036 7.3 1.21 | 52.1 | 73.8 |0.0051 6.67 | 3857 | 17.07 | 7.7 1310 | 500
9/6/2012 0.085 9.1 6.4 0.048 2.9 0.015 NS 1.12 | 57.3 | 99.4 NS 6.41 | 4268 | 21.91| 6.3 832 NS
RU4 4/13/2012 0.083 44 5.5 0.13 1.1 0.078 2.8 0.56 | 90.9 | 42.2 [<0.005 7.09 | 1320 | 13.64 | 31 271 300
5/2/2012 0.77 41 6.8 <0.72 1.5 <0.23 NS 0 -6.9 3570 NS 11.06 | 9795 | 16.01 [ 9.51 790 390
5/24/2012 0.55 56 13 <0.72 5.5 <0.23 NS 0.7 77.6 841 NS 9.7 4336 | 13.42 | 4.38 1250 440
6/27/2012 <0.29 74 9 <0.72 1.9 <0.23 4.1 9.06 | 154.4 209 |0.0059 7.8 3361 | 19.14 | 1.24 949 480
9/6/2012 <0.29 59 9.3 0.1 2.9 0.037 NS 0.82 | 131.3 139 NS 6.69 2991 | 22.05 3.5 797 NS
RUS5 4/13/2012 0.12 65 0.2 0.0094 0.003 0.012 0.68 1.26 | 344.7 | 30.6 [<0.005 7.17 629 16.85 | 33.4 94.8 260
6/29/2012 <0.09 19 <0.2 <0.23 <0.23 <0.073 0.45 0.51 17.9 29 0.0091 7.26 749 17.15 9.2 NS 220
RUS8 11/17/2011 | 0.00052 0.28 0.012 | <0.0009 | 0.0017 | <0.00029 0.5 0.1 2 42.7 NS 7.52 566 11.34 | 58.8 10.5 391
5/2/2012 | <0.00036 0.077 0.003 | <0.0009 | <0.0009 | <0.00029 0.67 1.42 72.2 38.1 NS 7.4 461 11.28 8.2 12.2 380
RW1 4/12/2012 0.047 17 0.39 0.0038 0.23 0.0038 11 0.58 | 153.7 | 48.6 |<0.005 6.29 740 10.77 | 4.81 NS 220
6/28/2012 <0.072 29 0.28 <0.18 0.34 <0.058 5.8 0.74 | 109.1 | 46.7 |0.0051 6.39 803 14.51 9.1 NS 260
uc4 4/13/2012 | <0.00036 [ 0.056 [ 0.0051 [ <0.0009 | <0.0009 [ <0.00029 0.84 1.21 | 329.7 | 35.4 [<0.005 7.23 714 | 15.79 | 51.6 148 220
6/29/2012 | <0.00036 [ 0.048 [ 0.0023 [ <0.0009 | <0.0009 [ <0.00029 <0.43 221 | 67.1 | 37.9 |<0.005 7.5 929 225 | 10.2 NS 220
UC5 4/11/2012 | <0.00072 0.19 0.0019 | <0.0018 | <0.0018 | <0.00058 0.53 1.54 83.2 36.9 [<0.005 7.59 597 12.76 | 81.2 NS 240
6/28/2012 | <0.00072 | 0.16 0.0023 | <0.0018 | <0.0018 | <0.00058 <0.43 0.46 | 449 | 38.7 [<0.005 7.47 640 | 13.36 [ 10.1 NS 240
Notes:

NS - not sampled

< - indicates compound not detected at greater than the detection limit shown

Table 1 - Interim Monitoring Results

ISCO Pilot Study

Alcas Cutlery Corporation, Olean, New York



Dissolved Metals
E
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Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
D2 4/12/2012 0.24 <0.0068 | <0.0056 0.11 <0.0003 | <0.0005 156 0.003 |[<0.00063| 0.0028 <0.019 0.0079 0.77 <0.0004 | <0.00012| <0.0013 7 <0.0087 | <0.0017 27.2 <0.01 <0.0015 | <0.0015
6/28/2012 <0.06 <0.0068 | <0.0056 0.17 <0.0003 | <0.0005 58.2 <0.001 |<0.00063| <0.0016 | <0.019 <0.003 29.1 0.012 [<0.00012| 0.003 2.8 <0.0087 | <0.0017 52.8 <0.01 <0.0015 | 0.0023
RU22A 4/13/2012 <0.06 <0.0068 | <0.0056 0.64 <0.0003 | <0.0005 468 0.0025 0.0096 0.006 <0.019 0.0058 82.9 28.3 <0.00012 0.25 8 0.012 <0.0017 838 0.015 <0.0075 0.01
5/2/2012 <0.06 <0.0068 | <0.0056 0.64 <0.0003 | 0.0007 521 0.0018 0.0037 0.0045 <0.019 <0.003 93.9 9.1 <0.00012 0.17 12 <0.0087 | <0.0017 721 0.013 <0.0015 | 0.0042
5/24/2012 <0.06 <0.0068 | <0.0056 0.74 <0.0003 | 0.0011 484 0.0046 0.0053 0.0062 <0.019 0.0039 92 175 <0.00012 0.2 12.1 <0.0087 | <0.0017 874 0.015 0.014 0.0036
6/27/2012 <0.06 <0.0068 | <0.0056 0.57 <0.0003 | 0.00077 449 <0.001 0.0031 0.0039 0.029 <0.003 81.1 10.6 <0.00012 0.15 8.9 <0.0087 | <0.0017 736 <0.01 0.0025 0.0049
RU22B 4/18/2012 <0.06 <0.0068 | <0.0056 0.5 <0.0003 | <0.0005 306 0.0015 0.0061 0.0063 <0.019 <0.003 54.8 13 <0.00012( 0.099 5.2 <0.0087 | <0.0017 493 <0.01 <0.0015 | 0.0084
5/2/2012 <0.06 <0.0068 | <0.0056 0.38 <0.0003 | <0.0005 386 <0.001 0.0042 0.0053 <0.019 <0.003 66.6 0.99 <0.00012 0.11 5.1 <0.0087 | <0.0017 535 <0.01 <0.0015 0.008
5/24/2012 <0.06 <0.0068 | <0.0056 0.53 <0.0003 | <0.0005 377 0.0013 0.0041 0.0057 <0.019 <0.003 713 1.2 <0.00012 0.12 53 <0.0087 | <0.0017 563 <0.01 <0.0015 | 0.0037
6/27/2012 <0.06 <0.0068 | <0.0056 0.43 <0.0003 | <0.0005 350 <0.001 0.0079 0.0047 0.069 <0.003 64.2 2.4 <0.00012 0.18 4.9 <0.0087 | <0.0017 643 <0.01 0.002 0.0052
9/6/2012 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
RU4 4/13/2012 <0.06 <0.0068 | <0.0056 0.24 <0.0003 | <0.0005 124 <0.001 0.0025 | <0.0016 | <0.019 <0.003 20.3 12 <0.00012( 0.017 3 <0.0087 | <0.0017 154 <0.01 <0.0015 | <0.0015
5/2/2012 33 <0.0068 0.35 0.18 <0.0003 | <0.0005 44.3 0.16 0.002 0.0039 <0.019 <0.003 1.3 0.00067 | <0.00012| 0.053 5.4 <0.0087 | <0.0017 3590 <0.01 0.088 0.0061
5/24/2012 0.38 <0.0068 0.032 0.073 <0.0003 | <0.0005 31 0.021 0.0073 0.007 <0.019 <0.003 5.3 0.076 |[<0.00012 0.15 2.7 <0.0087 | <0.0017 1470 <0.01 0.0079 [ <0.0015
6/27/2012 <0.06 <0.0068 | <0.0056 0.29 <0.0003 | <0.0005 196 0.0044 0.0061 0.0061 0.06 <0.003 42.1 0.49 <0.00012 0.14 5.2 <0.0087 | <0.0017 742 <0.01 <0.0015 | 0.0024
9/6/2012 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
RU5 4/13/2012 <0.06 <0.0068 | <0.0056 0.12 <0.0003 | <0.0005 101 <0.001 |<0.00063| <0.0016 | <0.019 <0.003 15.3 0.066 |[<0.00012| <0.0013 1.8 <0.0087 | <0.0017 29.7 <0.01 <0.0015 | <0.0015
6/29/2012 <0.06 <0.0068 | <0.0056 0.12 <0.0003 | <0.0005 104 <0.001 |<0.00063| <0.0016 | <0.019 <0.003 16 0.079 [<0.00012| <0.0013 2.1 <0.0087 | <0.0017 37.8 <0.01 <0.0015 | 0.0018
RU8 11/17/2011 | <0.06 <0.0068 | <0.0056 0.11 <0.0003 [ <0.00033 104 <0.00087 | <0.00063| 0.0019 <0.019 <0.003 215 0.28 <0.00012 | <0.0013 1.7 <0.0087 | <0.0017 17.6 <0.01 <0.0011 | 0.0058
5/2/2012 <0.06 <0.0068 | <0.0056 0.13 <0.0003 | <0.0005 117 <0.001 |<0.00063| 0.0017 <0.019 <0.003 22.5 0.48 <0.00012 | <0.0013 1.8 <0.0087 | <0.0017 12.7 <0.01 <0.0015 | 0.0086
RW1 4/12/2012 <0.06 <0.0068 | <0.0056 0.12 <0.0003 | <0.0005 97.5 0.0019 0.0042 0.0048 <0.019 <0.003 12.9 55 <0.00012( 0.018 5.8 <0.0087 | <0.0017 90.1 <0.01 <0.0015 0.005
6/28/2012 <0.06 <0.0068 | <0.0056 0.11 <0.0003 | <0.0005 96 <0.001 0.0042 0.0092 0.079 <0.003 13.6 6.4 <0.00012| 0.021 5.2 <0.0087 | <0.0017 79.7 <0.01 <0.0015 0.034
uc4 4/13/2012 <0.06 <0.0068 | <0.0056 0.17 <0.0003 | <0.0005 91.9 0.0025 |<0.00063| 0.0022 0.08 <0.003 14.1 11 <0.00012( 0.0015 2.8 <0.0087 | <0.0017 64.2 <0.01 <0.0015 | <0.0015
6/29/2012 <0.06 <0.0068 | <0.0056 0.2 <0.0003 | <0.0005 106 <0.001 |<0.00063| <0.0016 | <0.019 <0.003 16.5 13 <0.00012 | <0.0013 2.6 <0.0087 | <0.0017 59.1 <0.01 <0.0015 | 0.0035
UCs 4/11/2012 <0.06 <0.0068 | <0.0056 0.14 0.00032 | <0.0005 96 <0.001 |<0.00063| 0.0018 0.2 <0.003 16.6 0.63 <0.00012 | <0.0013 2 <0.0087 | <0.0017 27.7 <0.01 <0.0015 | 0.0016
6/28/2012 <0.06 <0.0068 | <0.0056 0.2 <0.0003 | <0.0005 106 <0.001 |<0.00063| <0.0016 | <0.019 <0.003 18 0.57 <0.00012| <0.0013 2.1 <0.0087 | <0.0017 28.9 <0.01 <0.0015 | 0.0026
Notes:
NS - not sampled
< - indicates compound not detected at greater than the detection limit shown Table 2 - Interim Monitoring Results

ISCO Pilot Study
Alcas Cutlery Corporation, Olean, New York
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VOC Molar Concentration (umol/L)
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555 17" Street Suite 1100
Denver, Colorado 80202
tel: 303 383-2300

fax: 303 308-3003

February 8, 2012

Mr. Michael Walters

U.S. Environmental Protection Agency, Region II
290 Broadway, 20th Floor

New York, New York 10007

Subject: Draft Bench-Scale Test Summary Report
Alcas Cutlery Corporation Facility, Olean, New York

Dear Mr. Walters:

On behalf of Alcoa, CDM Smith is pleased to submit this Draft Bench-Scale Test Summary
Report for the Alcas Cutlery Corporation Facility in Olean, New York. The bench-scale studies
were completed as part of the Focused Feasibility Study for the site to evaluate the effectiveness
of in-situ chemical oxidation at remediating chlorinated organic compounds present in
groundwater beneath and near the manufacturing building on the site.

The results of the bench-scale studies indicated that sodium persulfate, activated using sodium
hydroxide, was most effective at degrading chlorinated constituents while reducing likelihood
for generation of by-products. In order to validate the results of the bench-scale tests and to
evaluate the ability to implement the technology on a larger scale at the site, a small-scale pilot
study using activated persulfate may be necessary at a location adjacent to the manufacturing
building on site.

We look forward to receiving your feedback regarding this report. Should you have any
questions, please do not hesitate to contact Robert Prezbindowski with Alcoa at 865-977-3811 or
myself at 303-383-2300.

Very truly yours,

Kent S. Sorenson, Jr., Ph.D., P.E.
Senior Vice President
CDM Smith Inc.



Mr. Michael Walters
February 8, 2012

Page 2

Enclosure

cc: Mr. Vivek Nattanmai, NYDEC (4 copies)
Mr. Eric W. Wohlers, Cattaraugus County Health Department (1 copy)
Mr. Robert Prezbindowski, Alcoa (no enclosure)
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Section 1
Introduction

1.1 Project Background

In situ chemical oxidation (ISCO) is being considered as part of a Focused Feasibility Study to
screen potential remedial options for the Alcas Cutlery Corporation Facility Site (Site) located in
Olean, Cattaraugus County, New York. The primary constituents of concern at the Site are
chlorinated organic compounds consisting primarily of trichloroethene (TCE). Elevated levels
of chlorinated organic compounds are located underneath the main building and have persisted
in shallow groundwater at the site. The remedial effort objective is to control or reduce mass
flux of chlorinated organic compounds from the shallow aquifer to the deeper City Aquifer.

As ISCO is a technology that requires site-specific consideration, a bench-scale treatability study
was conducted at the CDM Smith Environmental Treatability Laboratory (ETL) located in
Bellevue, Washington, to assess the feasibility of this treatment technology for this site. ISCO
technology involves injecting chemical oxidant into the subsurface to oxidize organic
compounds. As the oxidation process is not selective, sufficient oxidant must be provided to
overcome the oxidant demand of soils and groundwater as well in order to oxidize the
constituents of concern, thus reducing their mass. Oxidants generally used in ISCO for
remediation of soil and groundwater include permanganate, persulfate, hydrogen peroxide, and
ozone. Hydrogen peroxide generates significant quantities of gas during the oxidation process.
This proved difficult to manage during initial bench-scale testing, and could create problems in a
field application occurring underneath a structure. Similarly, the injection of ozone gas beneath
the manufacturing facility at the Site could prove problematic both because of the highly
heterogeneous soils that would prevent uniform distribution of the gas, and because of the
potential for stripping VOCs from groundwater into the unsaturated soils under the building
foundation. Therefore, persulfate with bicarbonate and persulfate with sodium hydroxide were
determined to be most applicable to the Site and were the focus of this treatability study.

1.2 Chemistry of Persulfate (S,05")

Persulfate is available as ammonium persulfate [(NH4)2 S20s], sodium persulfate (NazS20s), and
potassium persulfate (K2S20sg). Use of potassium persulfate in ISCO applications is less common
because of its low solubility. Injection of ammonium persulfate may lead to an undesirably
elevated concentration of ammonia in groundwater. As a result, sodium persulfate was selected
for use in this study.

In the pH range of 3 to 7, the halfreaction equation of persulfate is:

52082- +2H,0 - 2H" + 25042_ + H,0; (Standard potential = 2.1 volts)
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Generation of H+ can lead to significant pH reductions and metals mobilization when persulfate is used.
The use of alkaline activation or a buffer such as bicarbonate is sometimes used with persulfate. While
persulfate is reactive by itself, its reactivity is greatly enhanced by activation and the resultant production
of free radicals (Interstate Technology & Regulatory Council 2005). Activated persulfate forms a more
powerful oxidant in the form of a sulfate radical (SO4-). The sulfate radical has a 2.6 V oxidation potential
which is greater than the persulfate at 2.1 V and can degrade a wider range of compounds at faster rates by
initiating a series of radical propagation and termination chain reactions. Heat, high pH, ferrous or chelated
iron, and hydrogen peroxide are common persulfate activators. Sodium hydroxide (high pH) was chosen as
the persulfate activator for this treatability study.

Not all of the oxidation potential will be available for degradation of the constituents of concern. Total
oxidant demand (TOD) is defined as the amount of oxidant consumed by soil, groundwater, and the target
constituents. The majority of the TOD required for ISCO is associated with the soil oxidant demand (SOD).
Thus, the oxidant dose requirements can depend strongly on SOD.

As with all oxidants, metals mobilization may occur due to changed oxidation states as well as lowered pH.
Therefore, metals mobilization is a concern even when alkaline activation or buffering is used with
persulfate. Furthermore, oxidized byproducts such as bromate and hexavalent chromium can be formed. It
is important to assess the potential for formation of these products, particularly where drinking water
aquifers or supply wells may be impacted.

1.3 Study Objectives
The objectives of this bench-scale study are to:

1. Evaluate degradation of the constituents of concern by persulfate and activated persulfate, using Site
soil and groundwater as the test matrix.

2. Evaluate the rate of breakdown of the persulfate and activated persulfate during the treatment test.

3. Evaluate the potential formation of any undesirable byproducts of the in situ treatments, such as
oxidized metals, that could negatively impact the City Aquifer and 18M municipal supply well.

4. Determine if persulfate with or without activation is applicable for Site source treatment, and if any
additional testing (e.g., a small scale, short-term pilot test near the Site source area) is needed to
confirm feasibility.
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Section 2
Methods

2.1 Groundwater and Soil Samples Receipt

Approximately 2.5 kilograms (kg) of Site soil from borehole RU4 were collected on 4 August
2011 and received at CDM Smith’s ETL on 5 August 2011. Five liters of groundwater were
collected from RU4 on 10 October 2011 and received at the ETL on 11 October 2011. Upon
receipt by CDM Smith, all samples were recorded on CDM Smith’s electronic inventory system
and kept in a cold room at 4 degrees Celsius until setup. The treatability study sample
information is summarized in Table 2-1. Prior to use, the soil was sieved through a #4 sieve.

Table 2-1 Sample Log

Sample ID Sample Date Sampled From Received Date Amount
Received
Site soil 8/4/11 RU4 8/5/11 2.5kg
Site groundwater | 10/10/11 RU5 10/11/11 5L
Notes:
kg - kilogram

L - liter

2.2 Titration of Soil, Groundwater, and Persulfate

Prior to experimental setup, mixtures of soil and groundwater with varying concentrations of
persulfate were titrated to pH 11 with sodium hydroxide. The results of the titration test were
used to calculate the volume of sodium hydroxide to use during the experimental setup. The
mixtures were allowed to equilibrate overnight, then titrated back up to pH 11. The total
volumes of sodium hydroxide necessary to titrate the mixtures are shown in Table 2-2.

Table 2-2 Persulfate Titration Test—Hydroxide Needed to Titrate to pH 11

Soil (g) Groundwater (mL) Persulfate Concentration NaOH used (uL of 1.0
M)

0% 1900
1% 2450

30 150
5% 3050
10% 3300

Notes:

g - gram

mL - milliliters

uL - microliters

M - molar
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2.3 Experimental Setup

The bench-scale study tested the use of unactivated persulfate with bicarbonate buffer (Test A) and

activated persulfate with sodium hydroxide (Test B). Each of these tests included four oxidant

concentrations (i.e., 0 percent, 1 percent, 3 percent, and 10 percent on a volume basis). The test bottles
were designated A1l through A4 and B1 through B4, as shown in Table 2-3.

Table 2-3 Test Conditions and Setup

Test Target Soil Ground- Deionized | Persulfate Bicarbonate | NaOH
Condition | persulfate (g) water water solution (as (1.0 M;
Code concentration (mL) (mL) (400 g NaHCO3;g) | uL)
(%) persulfate/L;
mL)
Al 0 60 220 80.0 0 0 --
A2 1 60 220 72.5 7.5 2.6 --
A3 5 60 220 42.5 37.5 13.1 --
A4 10 60 220 5.0 75.0 26.3 --
B1 0 60 220 80.0 0 - 0
B2 1 60 220 70.1 7.5 -- 2450
B3 5 60 220 39.5 37.5 -- 3050
B4 10 60 220 1.7 75.0 -- 3300
Notes:
g - grams

mL - milliliter
uL - microliter
M - molar

Reaction vessels were 1 liter (L) media bottles with a teflon-coated septum held in place by an open-top lid.
To prevent excess pressure in the event of gas production, the reaction vessels were connected to a 1-L
Tedlar bag as an expansion chamber. The bag was connected to a needle via a Luer-Lok/barb adapter and
Tygon tubing; the needle was secured in place in the septum of the reaction vessel throughout the
experiment.

For each condition, 60 grams (g) of Site soil and 220 milliliters (mL) of groundwater were added to the
bottle. Persulfate, buffer or activator, and deionized water were added to each condition as indicated in
Table 2-3. Deionized water was added to equalize the total liquid volume to 300 mL in each condition; the
deionized water volume depended on the volumes of persulfate and sodium hydroxide. The amounts of
bicarbonate added in Test A (persulfate with bicarbonate) were determined as the stoichiometric amount
of buffer needed to neutralize the acidity generated by persulfate decomposition. The amounts of 1 molar
(M) sodium hydroxide added in Test B (persulfate with sodium hydroxide) were based on the titration test
described in Section 2.2. Materials were added to the bottles in the following order: soil, bicarbonate (if
any), distilled water, groundwater, persulfate, and sodium hydroxide (if any). This order was chosen to
minimize the time that the persulfate and sodium hydroxide were reacting with the soil and groundwater
prior to the first sampling event. The bottles were capped immediately after the final addition, and
analyses began immediately after capping.
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Groundwater from each bottle was sampled as indicated in Table 2-4. Analyses of VOCs, pH, and sulfate
were conducted by ETL at several time points for all the experimental bottles. In addition, samples from
bottles A1, A4, B1, and B4 were sent to Columbia Analytical Services (CASLabs) for analyses of bromate,
hexavalent chromium, and dissolved metals. Bottles A1 and B1 were selected for analysis as negative
controls, while A4 and B4 had the highest oxidant loadings and could be assumed to present the greatest
probability of forming undesirable byproducts.

Table 2-4 Analytical Methods and Sampling Frequencies

Analyte Method Time Points Sampled Test Conditions | Laboratory
(hours from test Sampled
initiation)?
VOCs EPA 8260-M 0,12,23,41, 46 All ETL
pH Standard method 0,12,23,41, 46 All ETL
4500
Sulfate HACH 8051 0,12,23,41,46 All ETL
Bromate EPA 300.1 / BrO3 46 Al, A4,B1, B4 CASLabs
Hexavalent EPA 7199 46 Al, A4,B1,B4 CASLabs
chromium
Dissolved metals 6010B LL / Metals 46 Al, A4, B1, B4 CASLabs
7470A / Hg

Notes:

VOCs - Volatile organic compounds

EPA - U.S. Environmental Protection Agency

ETL - CDM Smith’s Environmental Treatability Laboratory
CASLabs - Columbia Analytical Services Laboratory
1: The time point shown was the time of sampling; Due to instrument limitations the GC-MS analysis occurred 2-9 hours

after sampling.
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Section 3
Results

3.1 VOC Oxidation

3.1.1 Unactivated Persulfate with Sodium Bicarbonate (Test A)

The graphs in Figure 3-1 show the removal of PCE, TCE, cis-1,2-DCE, and VC using 1 percent,

5 percent, and 10 percent concentrations of unactivated persulfate with bicarbonate buffer. VOC
levels declined in the controls in both this test and in Test B. The average percent reductions in
the VOCs for the two controls were PCE: 66 percent; TCE: 29 percent; cis-1,2-DCE: 28 percent,
and VC: 69 percent. The 1 percent dosage in this test showed little improvement compared to
the control. The 5 percent and 10 percent dosages performed similarly to each other and better
than the control, with the 10 percent dosage generally facilitating slightly faster and more
thorough VOC removal than the 5 percent dosage. In the 2.5-day period of the experiment, VOC
removal was not complete even in the 10 percent dosage. In this dosage, PCE was reduced by 79
percent, TCE by 84 percent, cis-1,2-DCE by 78 percent, and VC by 98 percent. The VOC data for
these tests are presented in Appendix A.

3.1.2 Activated Persulfate with Sodium Hydroxide (Test B)

The graphs in Figure 3-2 show the removal of PCE, TCE, cis-1,2-DCE, and VC using 1 percent,

5 percent, and 10 percent concentrations of persulfate activated with sodium hydroxide.
Similarly to persulfate with bicarbonate, persulfate with hydroxide performed better at the

5 percent and 10 percent dosages than at 1 percent. In contrast to test A, the 1 percent dosage in
test B did perform better than the control. Furthermore, the 5 percent and 10 percent dosages
with hydroxide performed substantially better than the corresponding doses in test A. In the

10 percent dosage, PCE was reduced by 90 percent, TCE by 96 percent, cis-1,2-DCE by

98 percent, and VC by 99 percent. The VOC data for these tests are also presented in Appendix A.

3.2 pH, Dissolved Metals, and Oxidized Byproducts

Addition of strong oxidizers often results in decreased pH values, potentially leading to increases
in dissolved metals such as cadmium, chromium, and lead. Furthermore, the oxidizers can lead
to the formation of undesirable byproducts such as bromate and hexavalent chromium. Thus,
the pH of all test conditions was monitored throughout the experiment, and analyses of dissolved
metals along with bromate and hexavalent chromium were performed on samples from selected
conditions by Columbia Analytical Services. Detailed results of these analyses are presented in
Appendix B. It should be noted that a low matrix-spike recovery for bromate indicated possible
matrix interference and the chromatograms for samples A1, B1, and B4 indicated non-target
background components, resulting in an elevated reporting limit of 100 micrograms per liter

(ng/L).
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Figure 3-1 Concentrations of PCE, TCE, cis-1,2-DCE & VC in Persulfate + Bicarbonate Treatments

3-2



Figure 3-2 Concentrations of PCE, TCE, cis-1,2-DCE & VC in Persulfate + Hydroxide Treatments
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3.2.1 Unactivated Persulfate with Bicarbonate

As shown in Figure 3-3, bicarbonate effectively maintained the pH of the test conditions at slightly above
neutral for all persulfate dosages. Despite the near-neutral pH, many of the dissolved metals
concentrations were elevated in test A4 (10 percent persulfate) compared to the control, as shown in
Figure 3-4. The relative difference was greatest for iron (elevated by a factor of 430x compared to the
control), sodium (260x), total chromium (110x), copper (30x), vanadium (30x), aluminum (20x), arsenic
(20x), and cobalt (10x). Several metals were elevated to levels several times greater than the New York
state groundwater or drinking-water quality standards, including aluminum, arsenic, cobalt, iron, sodium,
and vanadium (based on Part 703 summary tables, http://www.dec.ny.gov/regs/4590.html). Barium and
total chromium also exceeded the standards, though not by as great a factor. The hexavalent chromium
concentration did not measurably increase in test A4 compared to the control. However, the bromate
concentration was higher in test A4 by a factor of more than 400x, at approximately 43,000 pg/L. The EPA
drinking water standard is 10 pg/L. These results indicate that this treatment could have multiple adverse
impacts on the quality of the shallow groundwater.

3.2.2 Activated Persulfate with Sodium Hydroxide

Figure 3-5 shows that pH was initially elevated to approximately 10.5 in test conditions with persulfate
and sodium hydroxide. The pH declined to less than 9 within the first 12 hours of the test, but remained
above neutral for the full duration. Figure 3-6 shows that most metals concentrations did not increase
substantially in test B4 compared to the control. The greatest increases occurred for sodium (150x), total
chromium (100x), and potassium (5x). Neither bromate nor hexavalent chromium were measurably
elevated in test B4 compared to the control. A few metals were elevated to levels above the New York state
groundwater or drinking-water quality standards, including total chromium, selenium, and sodium.
However, chromium and selenium did not exceed the standards by much (chromium: 63 pug/L vs. 50 ug/L;
selenium 12.8 pg/L vs. 10 pg/L), suggesting that the impact of this treatment on the shallow groundwater
would be far less than the impact of persulfate with bicarbonate.

3.3 Total Oxidant Demand

The sulfate production for both test A and test B are shown in Figure 3-7; detailed results of these are in
Appendix C. In test B, increased persulfate dosages resulted in higher sulfate concentrations, although the
relationship was not linear. The sulfate results in test A do not follow this trend. Sulfate concentrations
were highest in A2 (1 percent persulfate with bicarbonate), while the higher persulfate dosages did not
generally produce any more sulfate than the control. However, the VOC-removal data indicate that
oxidation was occurring in conditions A3 and A4. This suggests an interference to the sulfate assay at the
higher dosages of persulfate with bicarbonate. None of the known interfering substances were present in
the samples at concentrations of concern, but other interferences may exist. Because of the destructive
nature of the analyses, re-analysis of the samples to identify or avoid the interference was not possible.

TOD values calculated from sulfate production in test B ranged from 1.2 to 6.8 g/kg; these values are shown
in Table 3-1. The oxidant demand increased with increasing persulfate dosages, indicating that the
measured oxidant demand is dependent on the dose applied, which is consistent with observations
reported by Huling and Pivetz (2006). Also, the sulfate concentration was still increasing at the completion
of the test period, suggesting that the calculated TOD would be higher with a longer period of observation.
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Table 3-1 Total Oxidant Demand for Persulfate Activated with Hydroxide

Condition | Soil Total Water | Control Sulfate | Final Sulfate Oxidant Total
Mass (g) | Volume Concentration | Concentration | Consumed Oxidant
(mL) (mg/L) (mg/L) (mg/L) Demand
(g/kg)
B1 (1%) 60 300 40 280 240 1.2
B2 (5%) 60 300 40 750 710 3.5
B3 (10%) | 60 300 40 1400 1360 6.8
Notes: Total oxidant demand (in g/kg) is equal to the oxidant consumed (in mg/L), times the total water volume (in L), divided by

the sum of the soil mass (in g) and the water volume (in mL; assumes a density of 1g/mL).
g - gram

mL - milliliter
mg/L - milligrams per liter
g/kg - grams per kilogram

Figure 3-3 pH in Persulfate + Bicarbonate Treatments



Figure 3-4 Final Concentrations of Hexavalent Chromium, Bromate, and Dissolved Metals in Persulfate + Bicarbonate Treatments

Notes:
The method detection limit (MDL) and method reporting limit (MRL) were higher in A4 than A1 because dilution was necessary for analysis of A4.

Lighter color indicates the MDL in non-detect samples.
An asterisk indicates an estimated value between the MDL and MRL.



Figure 3-5 pH in Persulfate + Hydroxide Treatments



Figure 3-6 Final Concentrations of Hexavalent Chromium, Bromate, and Dissolved Metals in Persulfate + Hydroxide Treatments

Notes:
Lighter color indicates the method detection limit (MDL) in non-detect samples.
An asterisk indicates an estimated value between the MDL and method reporting limit (MRL).
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Figure 3-7 Sulfate Concentrations in Test A (Persulfate + Bicarbonate) and Test B (Persulfate + Hydroxide)
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Section 4
Conclusions and Discussion

4.1 Conclusions

The results from this treatability study suggest the following conclusions:

Both unactivated persulfate buffered with bicarbonate and persulfate activated with
hydroxide were capable of substantially oxidizing TCE, cis-1,2-DCE, and VC when applied at
5 percent and 10 percent dosages.

For both unactivated and activated persulfate, the 10 percent dosage was more effective than
the 5 percent. Unactivated persulfate had little or no effect at a 1 percent dosage, while
activated persulfate was somewhat effective at this dosage.

For each of the dosages tested, hydroxide-activated persulfate provided better removal of
VOCs than unactivated persulfate.

The bicarbonate dosage rates chosen were sufficient to maintain a slightly alkaline pH.
However, substantial increases in the dissolved metals concentrations occurred and bromate
reached a concentration of 43 milligrams per liter (mg/L) with the 10 percent dosage.

Activated persulfate dosed at 10 percent had much less impact on dissolved metals
concentrations than did unactivated persulfate, and it did not lead to measurable increases in
the hexavalent chromium or bromate concentrations.

Activated persulfate did cause an immediate increase in the pH to 10.5, but this impact
diminished over time.

The calculated TOD values for activated persulfate indicate a dependence of TOD on the
oxidant dosage applied. The TOD could not be calculated for unactivated persulfate, due to
presumed analytical interference.

4.2 Discussion of Findings

The performance of activated persulfate was superior to unactivated persulfate in this study for
two reasons:

1.

2.

For each dosage tested, the activated persulfate more effectively oxidized the VOCs.

At the highest dosage, the unactivated persulfate resulted in high concentrations of the
byproduct bromate, whereas activated persulfate did not.
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For activated persulfate, a 1 percent dosage provided some removal of the VOCs, but less than 60 percent of
the high-concentration TCE and cis-1,2-DCE. The 10 percent dosage provided 90 - 99 percent removal of
the four VOCs tested, and initial removal rates were faster than in the 5 percent dosage. However, the VOC
removal in the 5 percent dosage approached that of the 10 percent dosage by the end of the test, ranging
from 85 to 98 percent. Furthermore, it appears that removal was still occurring at that time for both TCE
and cis-1,2-DCE. Thus it appears that a dosage of activated persulfate of approximately 5 percent will
provide the optimum balance between effective VOC removal and cost, without the formation of
undesirable oxidized byproducts.

The applicability of ISCO via alkaline-activated persulfate at the Site depends on the treatment goals. The
bench-scale results demonstrate that substantial mass removal can be achieved with this technology under
the ideal mixing conditions of the laboratory; however, even in those conditions, final VOC concentrations
were above federal drinking water standards. This suggests that in a field application at a heterogeneous
site where significant VOC mass is likely to be located in low permeability soil lenses, treatment to drinking
water standards would not be possible even with multiple oxidant applications. If, on the other hand, the
treatment goal were to achieve a specified mass removal in a specific area, this technology appears
promising.
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Appendix A: Summary of VOC Results

Persulfate Time cis-1,2-DCE
Test Condition [Concentration |(hours) |PCE (ug/L)|TCE (ug/L)|(ug/L) VC (ug/L)
3.28 78 54,691 9,807 2,049
16.08 40 45,512 6,975 952
Q Al 0 28.10 34 37,976 6,775 664
"c'u' 44.48 29 40,896 6,968 610
c 53.03 25 37,808 6,440 628
(o] 2.65 61 49,364 8,064 1,485
-E 15.45 45 46,267 7,428 935
(¢+] A2 0.01 27.47 34 36,206 5,998 586
.2 43.85 33 37,688 6,408 493
(aa) 52.4 29 36,002 6,076 392
-+ 2.13 70 51,097 7,995 1,615
Q 14.93 40 40,936 5,840 808
"6 A3 0.05 26.95 30 26,115 4,410 330
l-l_— 43.33 19 16,655 3,603 140
- 51.88 17 14,896 3,265 119
n 1.68 78| 53,128 9,565 1,647
()] 14.48 43 34,184 5,109 464
Q. A4 0.1 26.5 36 20,660 3,937 157
42.88 19 10,877 2,696 36
51.43 16 8,955 2,125 46
5.62 67 50,881 8,853 1,868
18.42 38 44,199 7,138 970
B1 0 30.43 32 38,632 6,961 693
v 46.82 29 39,488 7,178 633
.-g 55.38 24 37,412 6,903 602
é 5.05 70 49,665 8,774 1,834
S 17.85 37 37,136 6,122 729
o B2 0.01 29.87 27 28,573 4,870 425
E 46.25 25 27,995 4,529 322
54.82 21 25,094 3,857 323
+ 4.53 66 48,451 8,417 1,568
8 17.33 29 27,357 3,911 334
'-I(E B3 0.05 29.35 19 15,333 1,929 112
— 45.73 13 7,601 833 25
a 54.3 10 5,467 513 39
E 4.02 58 45,917 7,064 1,363
o 16.82 32 20,270 2,487 183
B4 0.1 28.83 19 7,671 882 40
45.22 9 1,964 177 8
53.78 7 2,010 159 13
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Appendix B: Summary of Metals and Bromate Results

Persulfate + Bicarbonate

Persulfate + Hydroxide

Al A4 B1 B2
Analyte ug/L ug/L ug/L ug/L
Chromium VI 04] J 03] U 04| J 03] U
Bromate 100| iU 42800 100] iU 100| iU
Aluminum 14.6 325 16.5 45.5
Antimony 3 U 15| iU 3[ U 3[ U
Arsenic 41 U 72 41 U 43| J
Barium 209 1460 183 329
Beryllium 0.09 U 0.45| iU 0.09( U 0.09] U
Cadmium 03| U 1.5] iU 03 U 03| U
Calcium 143000 16800 141000 191000
Chromium 0.6 U 65 0.6 U 62.6
Cobalt 1.3 15 1.3 2
Copper 3.1 102 4 1 )
Iron 7.8 J 3330 5| J 11.8
Lead 4, U 20| iU 4 U 4] U
Magnesium 17100 28500 16200 21500
Manganese 390 19 405 0.2 J
Mercury 0.02] U 0.02| iU 0.02| U 0.021 U
Nickel 19.6 11 21.3 2.6
Potassium 10800 56600 10700 50700
Selenium 5( U 25| iU 5[ U 12.8] J
Silver 0.7 U 3.5] iU 0.7 U 0.7 U
Sodium 142000 37100000 148000 22200000
Thallium 2 U 10| iU 2 U 2| U
Vanadium 2.5 85 33 16| J
Zinc 7.2 35 4 9.1
Flags:
J The result is an estimated value
u Non-detect at or above the MRL/MDL

Note: All samples taken at end of experimental period

The MRL/MDL is elevated due to a matrix interference or necessary sample dilution.
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LABORATORY REPORT

November 16, 2011

Diane Nelson

Camp Dresser & McKee, Incorporated (CDM)
14432 SE Eastgate Way, Suite 100

Bellevue, WA 98007

RE: Olean / 88146.TSK2.Bench

Dear Diane:

Enclosed are the results of the samples submitted to our laboratory on November 11, 2011. For your reference,
these analyses have been assigned our service request number P1104402.

All analyses were performed according to our laboratory’s NELAP and DoD-ELAP-approved quality assurance
program. The test results meet requirements of the current NELAP and DoD-ELAP standards, where applicable,
and except as noted in the laboratory case narrative provided. For a specific list of NELAP and DoD-ELAP-
accredited analytes, refer to the certifications section at www.caslab.com. Results are intended to be considered in
their entirety and apply only to the samples analyzed and reported herein.

Columbia Analytical Services, Inc. is certified by the California Department of Health Services, NELAP Laboratory
Certificate No. 02115CA,; Arizona Department of Health Services, Certificate No. AZ0694; Florida Department of
Health, NELAP Certification E871020; New Jersey Department of Environmental Protection, NELAP Laboratory
Certification ID #CAO009; New York State Department of Health, NELAP NY Lab ID No: 11221; Oregon
Environmental Laboratory Accreditation Program, NELAP ID: CA20007; The American Industrial Hygiene
Association, Laboratory #101661; United States Department of Defense Environmental Laboratory Accreditation
Program (DoD-ELAP), Certificate No. L10-3-R2; Pennsylvania Registration No. 68-03307; TX Commission of
Environmental Quality, NELAP ID T104704413-11-2; Minnesota Department of Health, NELAP Certificate No.
219474; Washington State Department of Ecology, ELAP Lab ID: C946. Each of the certifications listed above
have an explicit Scope of Accreditation that applies to specific matrices/methods/analytes; therefore, please contact
me for information corresponding to a particular certification.

If you have any questions, please call me at (805) 526-7161.

Respectfully submitted,

Columbia Analytical Services, Inc.

ot

Digitally Signed By Sue Anderson at 1:56 pm, Nov 16, 2011

Sue Anderson
Project Manager
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2655 Park Center Drive, Suite A, Simi Valley, CA 93065 805.526.7161 www.caslab.com

Client: Camp Dresser & McKee, Incorporated (CDM) CAS Project No: P1104402
Project: Olean / 88146.TSK2.Bench
CASE NARRATIVE

The samples were received intact under chain of custody on November 11, 2011 and were stored in accordance with
the analytical method requirements. Please refer to the sample acceptance check form for additional information.
The results reported herein are applicable only to the condition of the samples at the time of sample receipt.

Hexavalent Chromium Analysis

The samples were analyzed for hexavalent chromium in accordance with EPA Method 7199 and analyzed by
lon Chromatography.

Due to limited sample volume submitted the samples were diluted prior to analysis; therefore, the reporting
limits have been elevated accordingly.

The results of analyses are given in the attached laboratory report. All results are intended to be considered in their entirety, and Columbia
Analytical Services, Inc. (CAS) is not responsible for utilization of less than the complete report.

Use of Columbia Analytical Services, Inc. (CAS) Name. Client shall not use CAS’s name or trademark in any marketing or reporting materials,
press releases or in any other manner (““Materials™) whatsoever and shall not attribute to CAS any test result, tolerance or specification
derived from CAS’s data (“Attribution”) without CAS’s prior written consent, which may be withheld by CAS for any reason in its sole
discretion. To request CAS’s consent, Client shall provide copies of the proposed Materials or Attribution and describe in writing Client’s
proposed use of such Materials or Attribution. If CAS has not provided written approval of the Materials or Attribution within ten (10) days of
receipt from Client, Client’s request to use CAS’s name or trademark in any Materials or Attribution shall be deemed denied. CAS may, in its
discretion, reasonably charge Client for its time in reviewing Materials or Attribution requests. Client acknowledges and agrees that the
unauthorized use of CAS’s name or trademark may cause CAS to incur irreparable harm for which the recovery of money damages will be
inadequate. Accordingly, Client acknowledges and agrees that a violation shall justify preliminary injunctive relief. For questions contact the
laboratory.
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2655 Park Center Drive, Suite A, Simi Valley, CA 93065 805.526.7161 www.caslab.com

DETAIL SUMMARY REPORT

Client: Camp Dresser & McKee, Incorporated (CDM) Service Request: P1104402
Project ID: Olean / 88146.TSK2.Bench
Date Received: 11/11/2011
Time Received: 08:00
©
(&)
Date Time o
Client Sample 1D Lab Code  Matrix Collected Collected =
Al P1104402-001 Water  11/10/2011 15:33 X
B1 P1104402-002 Water  11/10/2011 15:15 X
A4 P1104402-003 Water  11/10/2011 15:30 X
B4 P1104402-004 Water  11/10/2011 15:22 X
P1104402_Detail Summary_1111161350_RB.xls - DETAIL SUMMARY PEF_Detail.xls
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Columbia
Analytical Services~

2655 Park Center Drive, Suite A
Simi Valley, California 93065
Phone (805) 526-7161

Fax (805) 526-7270

Air - Chain of Custody Record & Analytical Service Request

/

Page

/

of

Requested Turnaround Time in Business Days (Surcharges) please circl
1 Day (100%) 2 Day (75%) 3 Day (50%) 4 Day (35%) 5 Day (25%){"10 Day

@
-mmwwamwv

CAS Prgject No. .
P LoD 2

P

Company Name & Address (Reporting Information)

Project Name

CAS Contact:

cONM . L , ) ;
00sa SE Lashyal® Why Ste/Or - gg%ﬁ% ~ Analysis Method
Bellvue WA 9l07 SE/H. \qlmw\ﬂ\k{ Beac A
Project Manager, P.O. # / Billing Information
\w@\h Fvas Ao Q057 %Nmf@i §§ Comments
Phone Fax e.g. Actual
Y24~ m\\% - KR Preservative or
Email Address for Result Reporting mwaunm_, (Print & Sign) specific instructions
\»@wﬁka\ ey &K e Diese § 2o e Y/ 4 7
| aborator Date Time Canister ID Flow Contreller ID Canister Canister
Client Sample ID Y (Bar code # - (Bar code #- Start Pressure End Pressure | Sample | (- HV.W,
ID Number | Collected Collected AC. SC, stc.) FC #) "Hg "Hglpsig Volume _—
/ i o/ . N -
A A Wil | 1S3 Onl| X £ \V\m\ &W\
1y, I EAY X R
AY | 14530 X |
RY y v a2 v X \

Report Tier Levels - please select
Tier | - Results (Default if not specified)
Tier Il (Results + QC Summaries) K

Tier 1l (Resuits + QC & Calibration Summaries)
Tier IV (Data Validation Package) 1

% Surcharge

Type:

EDD required m\mw / No

Project Requirements
(MRLs, QAPP)

Relin Emwola by: (Signature) f Datg: Time: Received U,« (Big .Jamw ?\ﬁ\ﬁa\@\
% o g Do) /s 97 W7 0 g ww\ Q\v\ o]
Relinquished by: (Signature) Date: Time: Received by: w.@:m»_._av Date: " Time:

Wwﬁnm_m%
perature ) &, o8

COC AR REV 3-11

~
u—

o
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2655 Park Center Drive, Suite A, Simi Valley, CA 93065 805.526.7161 www.caslab.com

Sample Acceptance Check Form

Client: Camp Dresser & McKee, Incorporated (CDM) Work order: P1104402
Project: Olean / 88146.TSK2.Bench
Sample(s) received on: 11/11/11 Date opened: 11/11/11 by: MZAMORA

Note: This form is used forall samples received by CAS. The use of this form for custody seals is strictly meant to indicate presence/absence and not as an indication of

compliance or nonconformity. Thermal preservation and pH will only be evaluated either at the request of the client and/or as required by the method/SOP.

Yes No NA
1 Were sample containers properly marked with client sample ID? O O
2 Container(s) supplied by CAS? O O
3 Did sample containers arrive in good condition? O O
4 Were chain-of-custody papers used and filled out? O O
5 Did sample container labels and/or tags agree with custody papers? O O
6  Was sample volume received adequate for analysis? O O
7 Are samples within specified holding times? O O
8 Was proper temperature (thermal preservation) of cooler at receipt adhered to? O O
Cooler Temperature: °C  Blank Temperature: 5° C Gel Packs
9  Was a trip blank received? o 0O
10  Were custody seals on outside of cooler/Box? O O
Location of seal(s)? Top of cooler, down the front. Sealing Lid? O O
Were signature and date included? O O
Were seals intact? O O
Were custody seals on outside of sample container? O O
Location of seal(s)? Sealing Lid? O O
Were signature and date included? o 0O
Were seals intact? O 0O
11 Do containers have appropriate preservation, according to method/SOP or Client specified information? O O
Is there a client indication that the submitted samples are pH preserved? O O
Were VOA vials checked for presence/absence of air bubbles? O O
Does the client/method/SOP require that the analyst check the sample pH and if necessary alter it? O O
12 Tubes: Are the tubes capped and intact? O O
Do they contain moisture? o 0O
13 Badges: Are the badges properly capped and intact? O O
Are dual bed badges separated and individually capped and intact? o 0O
Lab Sample ID Container Required Received Adjusted | VOA Headspace Receipt / Preservation
Description pH * pH pH (Presence/Absence) Comments
P1104402-001.01 125mL Plastic NP
P1104402-002.01 125mL Plastic NP
P1104402-003.01 125mL Plastic NP
P1104402-004.01 125mL Plastic NP
Explain any discrepancies: (include lab sample ID numbers):
Each bottle contains very limited sample volume.
RSK - MEEPP, HCL (pH<2); RSK - CO2, (pH 5-8); Sulfur (pH>4)
P1104402_Camp Dresser McKee, Incorporated (CDM)_Olean _ 88146.TSK2.Bench.xls - Page 1 of 1 11/16/11 1:55 PM
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Client :

Project Name :
Project Number :
Sample Matrix :

Prep Method :

COLUMBIA ANALYTICAL SERVICES, INC.

Analytical Report

Camp Dresser & McKee, Incorporated (CDM)
Olean

88146.TSK2.Bench

WATER

Chromium, Hexavalent

None

Analysis Method : 7199

Test Notes :

Sample Name

Al
B1
A4
B4
Method Blank

/.
Approved By /AL‘L u/ L—’ ’2 l‘ \ V/\_M

Report By:SAnderson

Dilution
Lab Code PQL MDL Factor
P1104402-001 1.0 0.3 10
P1104402-002 1.0 0.3 10
P1104402-003 1.0 0.3 10
P1104402-004 1.0 0.3 10
P1104402-MB 0.10 0.03 1

Service Request : P1104402
Date Collected : 11/10/11
Date Received : 11/11/11

Units : ug/L (ppb)
Basis: NA
Date Date/Time
Extracted Analyzed Result
NA 11/11/11 13:50 0.4
NA 11/11/11 14:03 0.4
NA 11/11/11 14:17 ND
NA 11/11/11 14:30 ND
NA 11/11/11 12:57 ND

Date :

Estimated concentration. The result is less than the PQL but greater than the MDL.

Result
Notes

J
J

.
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Client :
Project Name :
LCS Matrix :

Sample Name :
Lab Code :

Analyte

Chromium, Hexavalent

Approved By

COLUMBIA ANALYTICAL SERVICES, INC.

QA/QC Report
Camp Dresser & McKee, Incorporated (CDM) Service Request :
Olean Date Collected :
WATER Date Received :

Date Extracted :
Date Analyzed :

P1104402
NA

NA

NA
11/11/11

Laboratory Control Sample/Duplicate Laboratory Control Sample Summary

Inorganic Parameters

Duplicate Laboratory Control Sample

P1104402-L.CS P1104402-DLCS Basis: NA
Analysis True Value Result A CAS Relative
cceptance Percent
Units Method LCS DLCS LCS DLCS LCS DLCS Limits  Difference
ug/L (ppb) 7199 2.00 2.00 201 20! 101 101 90-110 <l

41‘1//& e R

Result
Notes

Report By:SAnderson

1
i
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wiww.casltab.com

December 22, 2011 . Analytical Report for Service Request No: K1111126
Revised Service Request No: K1111126.01

Diane Nelsen

CDM

14432 SE Eastgate Way
Suite 100

Poulsbo, WA 98370

RE: Olean/88146. TSK2.Bench
Dear Diane:

Enclosed are the revised report pages for the samples submitted to our laboratory on November 15,
2011. For your reference, these analyses have been assigned our service request number K1111126.

The Metals report has been revised to the MDL per your request.

Analyses were performed according to our laboratory’s NELAP-approved quality assurance program.
The test results meet requirements of the current NELAP standards, where applicable, and except as
noted in the laboratory case narrative provided. For a specific list of NELAP-accredited analytes, refer
to the certifications section at www.caslab.com. All results are intended to be considered in their
entirety, and Columbia Analytical Services, Inc. (CAS) is not responsible for use of less than the
complete report. Results apply only to the items submitted to the laboratory for analysis and individual
items (samples) analyzed, as listed in the report.

Please call if you have any questions. My extension is 3275. You may also contact me via Email at
CLeaf(@caslab.com.

Respectfully submitted,

Columbia Analytical Services, Inc.

Chris Leaf |
Project Chem}ét

cLb Page 1 of /3
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27407 CHAIN OF CUSTODY

1317 South 13th Ave, Kelso, WA 98626 | 360.577.7222 |

£

1 COC#

800.695.7222 | 360.636.1068 (fax)

Project Name a e
{ 3
Froject Number [—— 7 7 X
e J y / \w&w ww mv%i.&.\\m. b
Project Manager
« “ L X Evmos .
Company Name M\M m\ww\\ \ .m.
Comany Address S 7 . 5
/yy32 > Wy Ste D8 ol
City/State/Zip ° [SREE-1
- °l8
7 5 —
{M«N\w\ [ z m [« w m
FAX # o] T )
N w —
Sampler m.mzmﬁ:m s o . — < | Mmoo
xba%%@z\% L e S m M 2
Sample 1D Date Time LabiD | Matrix RIL|&5|8 Remarks
i s / N /
A/ 1§ 33| A LXK X =
Y ; oo NI 2
5/ I ! [ el R V. :
3 . H
i P i p s .
7/ \ | PYE4N ; e vm X
4 s 7 7 N
FEN Y / / N
Ay Vol oan 2] X
5 &
5 3
= 7
g T
El 9
10 10
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Report Requirements Invoice ::o:smso:
1. Routine Report: Method
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Columbia Analytical Services, Inc.
Cooler Receipt and Preservation Form

TR B B
Client / Project:_ (' Dy Service Request K11 | z’i LAY
Received: Mﬁ = ;; i1 Opened: z L5 g iy By: et Unloaded: i % {4}5 1 By: Y
1. Samples were received via?  Mail 6? UPS DHIL  PDX Courier  Hand Delivered
2. Samples were received in: (circle) Cooler Box Envelope Other NA
3. Were custody seals on coolers? NA (_Y/’ N If yes, how many and where? 4 | 13
If present, were custody seals intact? @ N If present, were they signed and dated? @ N

b
318

7. Packing material used. Inserts. @{g:;;és @%ap G@ Wet Ice Sleeves Other

8.  Were custody papers properly filled out (ink, si gnef etc.)?

9. Did all bottles arrive in good condition (unbroken)? Indicate in the table below.

10. Were all sample labels complete (i.e analysis, preservation, etc.)?

11. Did all sample labels and tags agree with custody papers? Indicate major discrepancies in the table on page 2.

A
A

12. Were appropriate bottles/containers and volumes received for the tests indicated?

13. Were the pH-preserved bottles (see SMO GEN SOP) received at the appropriate pH? Indicate in the table below

~

14, Were VOA vials received without headspace? Indicate in the table below.
15. Was C12/Res negative?

S
z ZzZ Q@ z 2z 2z 2z =z

B@zzz7%z
=~ =~

. 94 2 ™ °* i o ™ ¥ *
ivotes, Lnscrepancies, « Kesotutions:

Page 1 of
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Columbia Analytical Services

INORGANIC ANALYSIS DATA PACKAGE

Metals
-1-

Client: CDM Federal Programs Corporation Service Request: K11111Z6

Project No.: 88146.TSKZ2.Bench Date Collected: 11/10/11

Project Name: Olean Date Received: 11/15/11

Matrix: WATER Units: ug/L

Basis: NA
Sample Name: Al Lab Code: K1111126-001DISS
Analysis Dilution Date Date

Analyte Method MRL MDL Factor |Extracted]| Analyzed Result
Aluminum 6010B 2.00 0.50 1.0 11/21/11 ] 12/01/11 14.6
Antimony 6010B 10.0 3.0 1.0 11/21/11 ] 11/30/11 3.0
Arsenic 6010B 10.0 4.0 1.0 11/21/11 ] 11/30/11 4.0
Barium 6010B 2.0 0.4 1.0 11/21/11 ] 11/30/11 209
Beryllium 6010B 0.20 0.09 1.0 11/21/11 ] 11/30/11 0.09
Cadmium 6010B 0.5 0.3 1.0 11/21/11 ] 11/30/11 0.3
Calcium 6010B 50.0 6.0 1.0 11/21/11 | 11/30/11 143000
Chromium 6010B 2.0 0.6 1.0 ll/2l/ll| 11/30/11 0.6
Cobalt 6010B 1.0 0.4 1.0 ll/2l/ll| 11/30/11 1.3
Copper 6010B 2.0 0.8 1.0 11/21/11 | 11/30/11 3.1
Iron 6010B 10.0 3.0 1.0 11/21/11 | 12/01/11 7.8
Lead 6010B 10.0 4.0 1.0 11/21/11 i 11/30/11 4.0
Magnesium 6010B 20.0 2.0 1.0 11/21/11 I 11/30/11 17100
Manganese 6010B 0.6 0.2 1.0 ll/2l/ll| 11/30/11 390
Mercury 7470A 0.20 0.02 1.0 11/16/11 | 11/17/11 0.02
Nickel 6010B 2.0 0.7 1.0 11/21/11 | 11/30/11 19.6
Potassium 6010B 100 50.0 1.0 ll/2l/ll| 11/30/11 10800
Selenium 6010B 20.0 5.0 1.0 11/21/11 | 11/30/11 5.0
Silver 6010B 2.0 0.7 1.0 ll/2l/ll| 11/30/11 0.7
Sodium 6010B 200 20.0 1.0 ll/2l/ll| 11/30/11 142000
Thallium 6010B 10.0 2.0 1.0 11/21/11 l 11/30/11 2.0
Vanadium 6010B 2.0 1.0 1.0 ll/21/ll| 11/30/11 2.5
Zinc 6010B 2.00 0.70 1.0 11/21/11 | 11/30/11 7.20

Comments:

Form I - IN




Columbia Analytical Services

Metals

-1-
INORGANIC ANALYSIS DATA PACKAGE

Client: CDM Frederal Programs Corporation Service Request: KI1111126
Project No.: 88146.TSK2.Bench Date Collected: 11/10/11
Project Name: Olean Date Received: 11/15/11
Matrix: WATER Units: ug/L

Basis: NA

Sample Name: Bl Lab Code: K1111126~002DISS
Analysis Dilution Date Date

Analyte Method MRT, MDI. Factor |Extracted| Analyzed Result

Aluminum 6010B 2.00 0.50 1.0 11/21/11 l 12/01/11 16.5
Antimony 6010B 10.0 3.0 1.0 11/21/11 l 11/30/11 3.0
Arsenic 6010B 10.0 4.0 1.0 11/21/11 l 11/30/11 4.0
Barium 6010B 2.0 0.4 1.0 11/21/11 i 11/30/11 183
Beryllium 6010B 0.20 0.09 1.0 11/21/11 | 11/30/11 0.09
Cadmium 6010B 0.5 0.3 1.0 11/21/11 l 11/30/11 0.3
Calcium 6010B 50.0 6.0 1.0 11/21/11‘ 11/30/11 141000
Chromium 6010B 2.0 0.6 1.0 11/21/11 I 11/30/11 0.6
Cobalt 6010B 1.0 0.4 1.0 11/21/11[ 11/30/11 1.3
Copper 6010B 2.0 0.8 1.0 11/21/11! 11/30/11 4.0
Iron 6010B 10.0 3.0 1.0 11/21/11 | 12/01/11 5.0
Lead 6010B 10.0 4.0 1.0 11/21/11 I 11/30/11 4.0
Magnesium 6010B 20.0 2.0 1.0 11/21/11 | 11/30/11 16200
Manganese 6010B 0.6 0.2 1.0 11/21/ll| 11/30/11 405
Mercury 7470A 0.20 0.02 1.0 11/16/11 l 11/17/11 0.02
Nickel 6010B 2.0 0.7 1.0 11/21/11 l 11/30/11 21.3
Potassium 6010B 100 50.0 1.0 ll/21/ll| 11/30/11 10700
Selenium 6010B 20.0 5.0 1.0 11/21/11 [ 11/30/11 5.0
Silver 6010B 2.0 0.7 1.0 11/21/11 I 11/30/11 0.7
Sodium 6010B 200 20.0 1.0 11/21/11 [ 11/30/11 148000
Thallium 6010B 10.0 2.0 1.0 11/21/11 ‘ 11/30/11 2.0
Vanadium 6010B 2.0 1.0 1.0 11/21/11 | 11/30/11 3.3
Zinc 6010B 2.00 0.70 1.0 11/21/11 l 11/30/11 4.00

Comments:

Form I - IN



Columbia Analytical Services

Metals

-1-
INORGANIC ANALYSIS DATA PACKAGE

Client: CDM Federal Programs Corporation Service Request: KI1I111126
Project No.: 88146.TSK2.Bench Date Collected: 11/10/11
Project Name: Olean Date Received: 11/15/11
Matrix: WATER Units: ug/L

Basis: NA

Sample Name: Al Lab Code: K1111126-003DISS
Analysis Dilution Date Date

Analyte Method MRI, MDL, Factor |Extracted| Analyzed Result

Aluminum 6010B 8.96 2.24 1.0 11/21/11 | 12/01/11 325
Antimony 6010B 50.0 15.0 1.0 11/21/11 | 11/30/11 15.0
Arsenic 6010B 50.0 20.0 1.0 11/21/11 | 11/30/11 72.0
Barium 6010B 10.0 2.0 1.0 11/21/11 | 11/30/11 1460
Beryllium 6010B 1.00 0.45 1.0 11/21/11 | 11/30/11 0.45
Cadmium 6010B 2.5 1.5 1.0 11/21/11 | 11/30/11 1.5
Calcium 6010B 250 30.0 1.0 11/21/11[ 11/30/11 16800
Chromium 6010B 10.0 3.0 1.0 11/21/11 l 11/30/11 65.0
Cobalt 6010B 5.0 2.0 1.0 11/21/11 [ 11/30/11 15.0
Copper 6010B 10.0 4.0 1.0 11/21/11 | 11/30/11 102
Iron 6010B 44.8 13.4 1.0 11/21/11 l 12/01/11 3330
Lead 6010B 50.0 20.0 1.0 11/21/11 ! 11/30/11 20.0
Magnesium 6010B 100 10.0 1.0 ll/2l/ll| 11/30/11 28500
Manganese 6010B 3.0 1.0 1.0 11/21/11' 11/30/11 19.0
Mercury 7470A 0.20 0.02 1.0 11/16/11 [ 11/17/11 0.02
Nickel 6010B 10.0 3.5 1.0 11/21/11 l 11/30/11 11.0
Potassium 6010B 500 250 1.0 11/21/11 l 11/30/11 56600
Selenium 6010B 100 25.0 1.0 11/21/11’ 11/30/11 25.0
Silver 6010B 10.0 3.5 1.0 11/21/11 ] 11/30/11 3.5
Sodium 6010B 100000 10000 100.0 | 11/21/11 I 11/30/11 37100000
Thallium 6010B 50.0 10.0 1.0 11/21/11 I 11/30/11 10.0
Vanadium 6010B 10.0 5.0 1.0 11/21/11 I 11/30/11 85.0
Zinc 6010B 10.0 3.50 1.0 11/21/11 l 11/30/11 35.0

Comments:

Form I - IN



Columbia Analytical Services

Metals
-1-

INORGANIC ANALYSIS DATA PACKAGE

Client: CDM Federal Programs Corporation Service Request: KI1111126
Project No.: 88146.TSK2.Bench Date Collected: 11/10/11
Project Name: Olean Date Received: 11/15/11
Matrix: WATER Units: ug/L
Basis: NA
Sample Name: B4 Lab Code: K1111126-004DISS
Analysis Dilution Date Date
Analyte Method MRL MDL Factor |Extracted!| Analyzed Result clo
Aluminum 6010B 2.00 0.50 1.0 11/21/11 l 12/01/11 45.5 X
Antimony 6010B 10.0 3.0 1.0 11/21/11 | 11/30/11 3.0 U
Arsenic 6010B 10.0 4.0 1.0 11/21/11 | 11/30/11 4.3 J
Barium 6010B 2.0 0.4 1.0 11/21/11| 11/30/11 329
Beryllium 6010B 0.20 0.09 1.0 11/21/11 | 11/30/11 0.09 U
Cadmium 6010B 0.5 0.3 1.0 11/21/11| 11/30/11 0.3 U
Calcium 6010B 50.0 6.0 1.0 11/21/11 i 11/30/11 191000
Chromium 6010B 2.0 0.6 1.0 11/21/11 | 11/30/11 62.6
Cobalt 6010B 1.0 0.4 1.0 11/21/11| 11/30/11 2.0
Copper 6010B 2.0 0.8 1.0 11/21/11| 11/30/11 1.0 J
Iron 6010B 10.0 3.0 1.0 11/21/11 | 12/01/11 11.8
Lead 6010B 10.0 4.0 1.0 11/21/11 l 11/30/11 4.0 U
Magnesium 6010B 20.0 2.0 1.0 11/21/11 | 11/30/11 21500
Manganese 6010B 0.6 0.2 1.0 11/21/11| 11/30/11 0.2 J
Mercury 7470A 0.20 0.02 1.0 11/16/11 | 11/17/11 0.02 U
Nickel 6010B 2.0 0.7 1.0 11/21/11| 11/30/11 2.6
Potassium 6010B 100 50.0 1.0 11/21/11] 11/30/11 50700
Selenium 6010B 20.0 5.0 1.0 11/21/11 I 11/30/11 12.8 J
Silver 6010B 2.0 0.7 1.0 11/21/11| 11/30/11 0.7 U
Sodium 6010B 20000 2000 100.0 11/21/11| 11/30/11 22200000
Thallium 6010B 10.0 2.0 1.0 11/21/11 | 11/30/11 2.0 U
Vanadium 6010B 2.0 1.0 1.0 11/21/11| 11/30/11 1.6 J
Zinc 6010B 2.00 0.70 1.0 11/21/11 l 11/30/11 9.10
Comments:

Form I - IN




Columbia Analytical Services

Client:

Project No.:

Project Name:

Matrix:

CDM Federal Programs Corporation

88146.TSK2.Bench

Olean

WATER

Metals

-1-

Date Collected:

Date Received:

INORGANIC ANALYSIS DATA PACKAGE

Service Request:

Units:

Basis:

K1111126

ug/L
NA

Sample Name: Method Blank 1 Lab Code: K1111126~MB1
Analysis Dilution Date Date
Analyte Method MRL MDL Factor |Extracted! Analyzed Result cl o
Aluminum 6010B 2.00 0.50 1.0 11/21/11} 12/01/11 3.70
Antimony 6010B 10.0 3.0 1.0 11/21/11 | 11/30/11 3.0 U
Arsenic 6010B 10.0 4.0 1.0 11/21/11 ] 11/30/11 4.0| U
Barium 6010B 2.0 0.4 1.0 11/21/11 ] 11/30/11 0.4| U
Beryllium 6010B 0.20 0.09 1.0 11/21/11] 11/30/11 0.09| U
Cadmium 6010B 0.5 0.3 1.0 11/21/11] 11/30/11 0.3] U
Calcium 6010B 50.0 6.0 1.0 11/21/11 | 11/30/11 16.2 J
Chromium 6010B 2.0 0.6 1.0 11/21/11| 11/30/11 0.6 U
Cobalt 6010B 1.0 0.4 1.0 11/21/11| 11/30/11 0.4] U
Copper 6010B 2.0 0.8 1.0 11/21/11| 11/30/11 1.9 J
Iron 60108 10.0 3.0 1.0 11/21/11 | 12/01/11 3.0] U
Lead 6010B 10.0 4.0 1.0 11/21/11 l 11/30/11 4.0 U
Magnesium 6010B 20.0 2.0 1.0 11/21/11 ] 11/30/11 2.5 J
Manganese 6010B 0.6 0.2 1.0 11/21/11| 11/30/11 0.2] U
Mercury 7470A 0.20 0.02 1.0 11/16/11| 11/17/11 0.02| U
Nickel 60108 2.0 0.7 1.0 11/21/11| 11/30/11 0.7 U
Potassium 6010B 100 50.0 1.0 11/21/11| 11/30/11 50.0 | U
Selenium 6010B 20.0 5.0 1.0 11/21/11 | 11/30/11 .0l U
Silver 6010B 2.0 0.7 1.0 11/21/11| 11/30/11 .71 U
Sodium 6010B 200 20.0 1.0 11/21/11| 11/30/11 20.0| U
Thallium 6010B 10.0 2.0 1.0 11/21/11 | 11/30/11 2.0 U
Vanadium 6010B 2.0 1.0 1.0 11/21/11| 11/30/11 .0} U
Zinec 6010B 2.00 0.70 1.0 11/21/11] 11/30/11 0.70 | U
Comments:

Form I - IN
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Client:

Project No.:

Project Name:

Matrix:

CDM Federal Programs Corporation

88146.TSK2.Bench

Olean

WATER

Metals

-1-

Date Collected:

Date Received:

INORGANIC ANALYSIS DATA PACKAGE

Service Request:

Units:

Basis:

K1111126

Ug/L
NA

Sample Name:  Method Blank 2 Lab Code:  K1111126-MB2
Analysis Dilution Date Date

Analvte Method MRI, MDTL, Factor [Extracted]| Analyzed Result c Q
Aluminum 6010B 2.00 0.50 1.0 11/21/11 l 12/01/11 0.90 J
Antimony 6010B 10.0 3.0 1.0 11/21/11 | 11/30/11 3.0 U
Arsenic 6010B 10.0 4.0 1.0 11/21/11 | 11/30/11 4.0 U
Barium 6010B 2.0 0.4 1.0 11/21/11 l 11/30/11 0.4 U
Beryllium 6010B 0.20 0.09 1.0 11/21/11 | 11/30/11 0.09 U
Cadmium 6010B 0.5 0.3 1.0 11/21/11| 11/30/11 0.3 U
Calcium 6010B 50.0 6.0 1.0 11/21/11 l 11/30/11 9.7 J
Chromium 6010B 2.0 0.6 1.0 11/21/11 I 11/30/11 0.6 U
Cobalt 6010B 1.0 0.4 1.0 11/21/11| 11/30/11 0.4 U
Copper 6010B 2.0 0.8 1.0 11/21/11| 11/30/11 1.0 J
Iron 6010B 10.0 3.0 1.0 11/21/11 I 12/01/11 3.0 U
Lead 6010B 10.0 4.0 1.0 11/21/11 ] 11/30/11 4.0 U
Magnesium 6010B 20.0 2.0 1.0 11/21/11 ] 11/30/11 2.0 J
Manganese 6010B 0.6 0.2 1.0 11/21/11] 11/30/11 0.2 U
Nickel 6010B 2.0 0.7 1.0 11/21/11] 11/30/11 0.7 U
Potassium 6010B 100 50.0 1.0 11/21/11] 11/30/11 50.5 J
Selenium 6010B 20.0 5.0 1.0 11/21/11 ! 11/30/11 5.0 U
Silver 6010B 2.0 0.7 1.0 11/21/11 | 11/30/11 0.7 U
Sodium 6010B 200 20.0 1.0 11/21/11‘ 11/30/11 103 J
Thallium 6010B 10.0 2.0 1.0 11/21/11 ] 11/30/11 2.0 U
Vanadium 6010B 2.0 1.0 1.0 11/21/111 11/30/11 1.0 U
Zinc 6010B 2.00 0.70 1.0 11/21/11 I 11/30/11 0.70 U
Comments:

Form I - IN
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Client:

Project No.:

Project Name:

Matrix:

CDM Federal Programs Corporation

Metals

e

SPIKE SAMPLE RECOVERY

88146.TSK2.Bench

Olean

WATER

Service Request:
Units:
Basis:

% Solids:

K1111126

UG/L

NA

0.0

Sample Name: AlsS

Lab Code: K1111126-001DISSS

Control Spike Sample Spike
Analyte Limit %R Result C| Result Added %R Method
Mercury 76 - 126 0.94[ [ 0.02|U 1.00 94.0 7470A

An empty field in the Control Limit column indicates the control limit is not applicable

Form V (PART 1) - IN

10
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Metals
- SA -

SPIKE SAMPLE RECOVERY

Client: CDM Federal Programs Corporation Service Request: KI1111126

Project No.: 88146.TSK2.Bench Units: UG/L

Project Name: Qlean Basis: NA

Matrix: WATER % Solids: 0.0

Sample Name: Batch QC1S Lab Code: K1111260-001S8

analyte Limit sk | mesmt C| mesar ©| adea sn | @ | (Method
Aluminum 79 - 125 2500| | 344 2000.00 107.8 6010B
Antimony 86 - 116 485 | 3.0]u 500.00 97.0 6010B
Arsenic 79 - 121 998| | 4.0]lu 1000.00 99.8 6010B
Barium 80 - 124 2140| | 16.4] 2000.00 106.2 6010B
Beryllium 87 - 114 49.7) | 0.09|U 50.00 99.4 6010B
Cadmium 71 - 142 51.1] | 0.3]U 50.00 102.2 6010B
Calcium 75 - 125 13100| | 2460 | 10000.00 106. 4 60108
Chromium 89 - 117 215| | 2.8 200.00 106.1 6010B
Cobalt 88 - 117 493 | 0.4|uU 500.00 98.6 6010B
Copper 86 - 113 251| | 8.2 250.00 97.1 6010B
Iron 72 - 131 1760 | 642 | 1000.00 111.8 6010B
Lead 75 - 130 515 | 8.8]J 500.00 101.2 60108
Magnesium 75 - 125 9890 | 403 | 10000.00 94.9 6010B
Manganese 77 - 113 549 | 15.9| 500.00 106.6 6010B
Nickel 86 - 120 s511] | 1.1] 3 500.00 102.0 6010B
Potassium 75 - 125 10400| | 282 | 10000.00 101.2 6010B
Selenium 82 - 119 974| | 5.0]U 1000.00 97.4 6010B
Silver 79 - 120 49.6| | 0.7]U 50.00 99.2 60108
Sodium 75 - 125 12600 | 2990 | 10000.00 96.1 6010B
Thallium 75 - 125 977| | 2.0|u 1000.00 97.7 6010B
Vanadium 89 - 115 558| | 1.8]|J 500.00 111.2 6010B
Zinc 77 - 112 665| | 168 | 500.00 99.4 6010B

An empty field in the Control Limit column indicates the control limit is not applicable

Form V (PART 1) -~ IN
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Columbia Analytical Services

Metals
-6 -
DUPLICATES
Client: CDM Federal Programs Corporation Service Request: KI1111126
Project No.: 88146,TSK2.Bench Units: UG/L
Project Name: (Qlean Basis: NA
Matrix: WATER % Solids: 0.0
Sample Name: A1D Lab Code: K1111126-001DISSD
Control
Analyte Limit Sample (S) C Duplicate (D) C RPD Q Method
Mercury 0.0| U 0.0 i §) | 7470A

An empty field in the Control Limit column indicates the control limit is not applicable.

Form VI - IN
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Columbia Analytical Services

Metals
-G -
DUPLICATES

Client: CDM Federal Programs Corporation Service Request: KI1111126

Project No.: 88146.TSK2.Bench Units: UG/L

Project Name: QOlean Basis: NA

Matrix: WATER % Solids: 0.0

Sample Name: Batch QCI1D Lab Code: K1111260-001D

Analyte ng:;zl Sample (S) c Duplicate () ¢ | meD | o Method
Aluminum 20 344 ] 371 7.6 i 6010B
Antimony 3| U 3|u | 60108
Arsenic 4| U 41U | 6010B
Barium 20 16.4| 16.9 3.0 l 6010B
Beryllium 0.1| U 0.11U | 6010B
Cadmium 0.3| U 0.3] 3 |200.0 ] 6010B
Calcium 20 2450i 2540 3.2 i 6010B
Chromium 2.8] 2.7 3.6 | 6010B
Cobalt o_4| U 0.4]U | 6010B
Copper 8,2[ 8.2 0.0 [ 6010B
Iron 20 642 I 709 9.9 [ 6010B
Lead 9| g 9| J 0.0 [ 6010B
Magnesium 20 403 | 414 2.7 | 6010B
Manganese 20 15.9 ] 16.6 4.3 ] 6010B
Nickel 1.1 J 1.2|J 8.7 | 6010B
Potassium 282 | 353 22.4 | 6010B
Selenium 5| U 5]U | 6010B
Silver o,7| U 0.7|U | 6010B
Sodium 20 2990 | 3070 2.6 ] 6010B
Thallium 2 ] U 2| U | 6010B
Vanadium 1.8 | J 1.3 g 32.3 | 6010B
Zinc 20 168 [ 173 2.9 l 6010B

An empty field in the Control Limit column indicates the control limit is not applicable.

Form VI - IN
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Appendix C: Summary of pH and Sulfate Results

Persulfate Time

Test Condition |Concentration |(hours) |pH Sulfate (mg/L)
Al 0% 3.28 7.70 30
16.08 7.57 35
Q 28.10 7.50 30
"&; 44.48 7.49 45
c 53.03 7.70 45
o0 (A2 1% 2.65 7.55 65
-E 15.45 7.87 195
G 27.47 7.78 250
0O 43.85 7.73 320
(aa] 52.4 7.74 340
+ (A3 5% 2.13 7.63 0
Q 14.93 8.04 5
4&; 26.95 7.97 5
Y 43.33 7.95 15
-3 51.88 7.92 10
4By 10% 1.68 7.42 15
() 14.48 7.90 0
o. 26.5 7.87 15
42.88 7.88 15
51.43 8.01 170
B1 0% 5.62 8.14 30
18.42 7.67 40
30.43 7.67 40
q,) 46.82 7.38 50
i=] 55.38 7.78 40
C>§ B2 1% 5.05 10.29 95
- 17.85 8.84 200
© 29.87 8.41 240
:|>:' 46.25 7.87 240
54.82 7.97 280
+ & 5% 4.53 10.22 315
_8 17.33 8.71 490
-.E 29.35 8.11 550
—_— 45.73 7.65 700
a 54.3 7.59 750
E B4 10% 4.02 10.41 600
a 16.82 8.48 850
28.83 7.89 1050
45.22 7.43 1250
53.78 7.43 1400
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Appendix E

Groundwater Characterization for Evaluation of Natural Attenuation
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1.0 Introduction

Groundwater at the Alcas facility has been impacted by historic operations where
Trichloroethene (“TCE”) and its degradation products, have migrated to the Superfund Site's
Upper Aquifer (hereinafter referred to as the “ Upper Aquitard or UA”) and Lower Aquifer
(hereinafter referred to as the “ City Aquifer”). Targeted daughter, or degradation, products for
TCE include cis-1,2-dichloroethene (“cDCE”) and vinyl chloride (“VC”). Tetrachloroethene
(“PCE"), a parent product for TCE, has aso been detected at the Site and is most likely derived
from a commercial grade fraction of the TCE solvent.

A site-specific determination was made to analyze natural attenuation as a sufficient remedial
technology. Natural attenuation in groundwater results from severa attenuation mechanisms that
include sorption, dispersion, dilution, volatilization, and biodegradation. As part of the FFS data
collection initiative, additional water quality and geochemical samples were collected in
December 2011 to better understand the interactions between chlorinated volatile organic
compounds, natural existing carbon, and inorganic electron acceptors at the Site.  For the
purposes of this study, natural attenuation was evaluated for the UWBZ and the Upper City
Aquifer.

1.1 Processes of Natural Attenuation

Chlorinated organic compounds may be used as electron acceptors or electron donors during
biodegradation. The most common process of biodegradation of highly chlorinated solvents is
through reductive dechlorination. During this process, the chlorinated hydrocarbon is used as an
electron acceptor and a chlorine atom is removed and replaced with a hydrogen atom
sequentially from PCE to TCE to DCE to VC to ethene. An electron donor is required to
facilitate this reaction in the form of naturally existing organic carbon or anthropogenic carbon.
In this process, the availability of other electron acceptors, DO, Nitrate, Iron (111), and Sulfate
plays an important role as they compete with chlorinated organic compounds for reduction.
Reductive dechlorination has been demonstrated under nitrate and iron reducing conditions but is
most effective under sulfate reducing and methanogenic conditions.

1.2 Study Objectives
The objectives of this natural attenuation evaluation are to:

e Evauate the water quality of the water bearing units through groundwater sampling and
analysis, and

e Determine whether natural attenuation is capable of attaining site-specific remediation
objectives in a reasonabl e time period.
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2.0 Methods

Field personnel collected groundwater samples for analysis. Locations of the wells selected for
groundwater sampling are shown on Figure 2-1. Any well not sampled within the last 12 months
was redeveloped prior to sampling. Otherwise, a groundwater sample was collected using the
EPA recommended Low Flow Sampling protocols.

All wells were sampled for TCL VOCs. Fifteen of those wells, (RU-3, RU-4, RU-6, RU-8, RU-
9, UA-1, UA-2, UA-3, UA-4, UA-5, UC-1, UC-2, UC-3, UC-4 and UC-5), were also sampled
for General Chemistry parameters, ethane, ethene, methane, sulfate, sulfide, chloride, alkalinity,
TOC, COD, and nitrate.

21  Sample Collection

During the sampling event, each well was gauged from the top of casing with an electronic
resistivity probe, which measures the groundwater level. The water levels were measured in all
wells before any actions are performed on the well which may affect water levels.
Measurements were made to a precision of +/- 0.01 ft. The measuring device was
decontaminated prior to use in each well.

The majority of well in the Alcas well network had not been sampled in the prior year. These
wells were redevel oped and sampled immediately following development without any additional
purging. Procedures for redevelopment of the wells will follow EPA Guidance entitled
Monitoring Well Development Guidelines for Superfund Project Managers.

The few monitoring wells that had been sampled in the last 12 months or been recently installed
as replacement for existing damaged wells, were sampled using Low Flow Sampling protocols.
Low-flow/low-stress monitoring well sampling procedures and protocols were followed as
outlined in the USEPA Region |l guidance document entitled “Groundwater Sampling
Procedure, Low Stress (Low Flow) Purging and Sampling.” Generally, the low-flow/low-stress
purging was conducted prior to sampling by evacuating groundwater at a rate of less than 500
milliliters per minute until stabilization of the field parameters occurred. Purging was conducted
using a 2-inch submersible pump, which was connected to dedicated tubing in each well.

Immediately prior to sampling, field parameters were collected and recorded in the field notes.
The field parameters consisted of Dissolved (“DQO”), Oxidation/Reduction Potential (“ORP’),
Ferrous Iron, pH, Temperature, specific conductivity (“SC”), nitrate, and turbidity.

Precautions were taken so that sampling materials did not contact the ground or other potentially
contaminated surfaces. Contents were retrieved from the sampling location and placed into a
clean sample container. Upon completion of the field measurements, samples were collected
from the sample location for laboratory analyses, and placed in laboratory-prepared containers
appropriate for the analyses. Trip and equipment blanks (not required if dedicated equipment are
used), and replicate samples were collected for analyses. Each sample container was labeled
with the sample number; the identity of the sampler; the time and date of collection; the
preservatives (if any); and the desired analyses. All samples collected were placed into
laboratory-prepared containers and preserved.



ENI, LLC

3.0 Results

Biodegradation of organic compounds brings about measurable changes in the groundwater
chemistry. Those changes in COC concentration, TOC, available electron acceptors, and
biodegradation indications were measured and analyzed to evaluate natural attenuation at the
Site.

3.1 Volatile Organic Compounds

TCE is the predominant chlorinated volatile organic compound at the Site found in the UWBZ,
UCTZ, Upper City Aquifer, and Lower City Aquifer. Detected concentrations of TCE, as shown
on Figures 3-1 and 3-2, range from approximately 150,000 pg/L at RU-4 next to the Main
Building to 0.6 pug/L at RU-15 at the former Bailey property. PCE, a parent product of TCE, is
also found across the Site, but at much lower concentrations as shown on Figure 3-3. The
presence of PCE is most likely derived from commercial grade fraction of the TCE solvent
formerly used as part of the manufacturing process.

Evidence of biodegradatoin is observed with the accumulation of TCE daughter products. The
two isomers of DCE were measured and it was found that cis-1,2-DCE was the prevailing
intermediate observed across the Site with detected concentrations ranging from 16,000 pg/L at
RU-4 to 1.1 pg/L at RU-1, as shown on Figure 3-4. Concentrations of VC were not found as
widespread across the Site as compared to TCE or cis-1,2-DCE with detected concentrations
ranging from 2,700 pg/L at RU-4 to 3.5 pg/L at RU-12, as shown on Figure 3-5. Volatile
organic compound results are reported in Table 3-1

3.2 Total Organic Carbon (TOC)

Reductive dechlorination is described as an electron-donor-limited process. Without an electron
donor source reductive dechlorination cannot occur.  Total Organic Carbon (TOC)
concentrations were measured from 15 locations across the Site. The concentrations ranged from
14.4 mg/L at UA-1 to non-detect (<1 mg/L) at UA-4 in the UWBZ and from 1.1 mg/L in UC-3
to 0.45 mg/L at UC-2 in the Upper City Aquifer. This concentration coincides with the City of
Olean’s 2011 Consumer Confidence Report that reported TOC concentrations between 0.92
mg/L to 1.7 mg/L from various City Production wells withdrawn from the City Aquifer. TOC
concentrations are reported in Table 3-2.

3.3  Electron Acceptors

During biodegradation, organic carbon is used as an electron donor and dissolved oxygen is used
first as the primary electron acceptor. After DO is consumed, anaerobic bacteria will utilize
nitrate, ferric iron, sulfate, and carbon dioxide, in that order, as additional electron acceptors.

3.3.1 Dissolved Oxygen (DO)
Anaerobic bacteria generally cannot function at dissolved oxygen concentrations greater than 0.5
mg/L and at concentrations greater than 0.5 mg/L reductive dechlorination will not occur. DO
concentrations ranged at the Site from 9.4 mg/L at RU-1to 0.63 mg/L at UA-1in the UWBZ and
from 4.68 mg/L in Alcas D-2 to 0.8 mg/L in UC-4 in the Upper City Aquifer. The mgority of
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DO concentrations measured were greater than 0.5 mg/L in the UWBZ and the Upper City
Aquifer. DO concentrations are reported in Table 3-3.

3.3.2 Nitrate

After DO has been depleted, anaerobic bacteria prefer to use Nitrate an electron acceptor for
biodegradation of organic carbon. In order for reductive dechlorination to occur, nitrate
concentrations need to be less than 1.0 mg/L. Nitrate concentrations ranged at the Site from 2.5
mg/L at RU-9 to non-detect (<0.1 mg/L) at RU-3 and UA-1 in the UWBZ and from 2.3 mg/L in
UC-2 to 0.56 mg/L at UC-5 in the Upper City Aquifer. This concentration coincides with the
City of Olean’s 2011 Consumer Confidence Report that reported Nitrate concentrations between
0.39 mg/L to 1.32 mg/L from various City Production wells withdrawn from the City Aquifer.
The majority of Nitrate concentrations measured were greater than 1.0 mg/L in the UWBZ and
the Upper City Aquifer. Nitrate concentrations are reported in Table 3-2.

3.3.3 Sulfate/Sulfide

After DO and Nitrate have been depleted, sulfate will be used as the electron acceptor for
anaerobic biodegradation. The process of sulfate reduction will generate sulfide. Unlike DO and
Nitrate, reductive dechlorination of chlorinated organic compounds can occur under sulfate
reducing conditions, but concentrations of sulfate greater than 20 mg/L may still cause a
competitive exclusion to chlorinated dechlorination. Sulfate concentrations ranged at the Site
from 56.6 mg/L at RU-4 to 9.3 mg/L at RU-9 in the UWBZ and from 39.9 mg/L in UC-5to 24.0
mg/L at UC-3 in the Upper City Aquifer. The majority of Sulfate concentrations measured were
greater than 20.0 mg/L in the UWBZ and the Upper City Aquifer. The City of Olean’s 2011
Consumer Confidence Report reported Sulfate concentrations between 11.3 mg/L to 23.5 mg/L
from various City Production wells withdrawn from the City Aquifer. Sulfide was not detected
a any well across the site in the UWBZ or Upper City Aquifer. Sulfate and Sulfide
concentrations are reported in Table 3-2.

3.3.4 Ferrous lron

Ferrous Iron or Iron (I1) (Fe") will be produced when Ferric Iron (Fe*) is used as an electron
acceptor during anaerobic biodegradation. Thus, ferrous Iron can be used as an indicator of
biodegradation as a metabolic by-product when the ferrous iron concentration is greater than 1.0
mg/L. Ferrous Iron concentrations ranged at the Site from 1.98 mg/L at RU-12 to non-detect at
several location in the UWBZ and from 1.9 mg/L in B-2 to non-detect at UC-1 and Alcas D-2in
the Upper City Aquifer. The majority of Ferrous Iron concentrations measured were less than
1.0 mg/L in the UWBZ and the Upper City Aquifer. Ferrous Iron concentrations are reported in
Table 3-3.

3.3.5 Methane
Methanogenesis occurs after oxygen, nitrate, and sulfate have been depleted in the treatment
zone. During methanogenesis, carbon dioxide is used as the electron acceptor and is reduced to
methane. Therefore, the presence of methane in ground water is indicative of strongly reducing
conditions and indicated with methane concentrations exceeding 0.5 mg/L. Methane
concentrations were measured from 15 locations across the Site. The concentrations ranged from
0.9 mg/L at RU-4 to non-detect (<0.002 mg/L) at severa wellsin the UWBZ and from 0.0003 J
mg/L at UC-3 to non-detect (<0.002 mg/L) at UC-1 and UC-2 in the Upper City Aquifer. The



ENI, LLC

majority of methane concentrations measured were less than 0.5 mg/L in the UWBZ and the
Upper City Aquifer. Methane concentrations are reported in Table 3-2.

3.4  Biodegradation Indicators

Biodegradation of chlorinated organic compounds alters the groundwater chemistry in the
affected area. Analysis of these changes alows for a quantitative evaluation of the ongoing
natural attenuation at the Site. The following paragraphs analyzes chloride alkalinity, ORP, pH,
Temp, and Specific Conductivity as natural attenuation indicators.

3.4.1 Chloride

Biodegradation of chlorinated hydrocarbons rel eases chloride into the ground water. This results
in elevated chloride concentrations in and around the contaminant plume relative to background
chloride levels. Chloride concentrations were measured from 15 locations across the Site. The
concentrations ranged from 566 mg/L at RU-4 to 3.2 mg/L at UA-1 and UA-3 in the UWBZ and
from 165 mg/L at UC-4 to 88.1 mg/L at UC-2 in the Upper City Aquifer. In areas around the
contaminant plume, chloride concentrations were observed to be less than 100 mg/L in the
UWBZ and Upper City Aquifer. This concentration coincides with the City of Olean’s 2011
Consumer Confidence Report that reported chloride concentrations between 35.0 mg/L to 51.2
mg/L from various City Production wells withdrawn from the City Aquifer. Chloride
concentrations were observed to be greater than 100 mg/L at RU-4, RU-3, and RU-6 in the
UWBZ and at UC-4 and UC-5 in the Upper City Aquifer. As illustrated on Figure 3-6, these
areas are located in the heart of the contaminant plume. Chloride concentrations are reported in
Table 3-2.

3.4.2 Alkalinity

Similar to chloride, a positive correlation has been noted with biodegradation and increased
alkalinity. Alkalinity measured at twice the background concentration is indicative of
methanogenic conditions as the generated carbon dioxide increases the alkalinity. Alkalinity
concentrations were measured from 15 locations across the Site. The concentrations ranged from
352 mg/L at RU-31t061.3 mg/L at UA-2 in the UWBZ and from 293 mg/L at UC-3 to 184 mg/L
a UC-2 in the Upper City Aquifer. In areas around the contaminant plume, alkalinity
concentrations were observed to be less than 100 mg/L in the UWBZ and between 300 and 200
mg/L in the Upper City Aquifer. Alkalinity concentrations were observed to be greater than 100
mg/L at RU-4, RU-3, RU-6, RU-8, UA-1, UA-4 and UA-5 in the UWBZ. As illustrated on
Figure 3-7, these areas are located in the heart of the contaminant plume in the UWBZ.
Alkalinity concentrations are reported in Table 3-2.

343 ORP

The Oxidation-Reduction Potential (ORP) is a measure of electron activity and is an indicator of
a solutions preference to accept or transfer electrons. The ORP is influenced by the nature of the
biological availability of an electron acceptor. The ORP of groundwater may range from more
than 800 mV to less than -400 mV. Generally, ORP measurements less than 50 mV indicate that
reductive dechlorination is possible. ORP measurements ranged at the Site from 199.8 mV at
RU-6 to -131.5 mV at RU-5 in the UWBZ and from 196.5 mV at UC-5to 144.4 a Alcas D-2 in
the Upper City Aquifer. The mgjority of ORP measurements were greater than 50 mV in the
UWBZ and the Upper City Aquifer. ORP isreported in Table 3-3.
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3.4.4 pH, Temp, and Specific Conductivity

Microbes capable of degrading chlorinated organic compounds generally prefer pH values
between 6 and 8 standard units. The pH measured across the Site ranged from 7.44 to 4.7
standard unitsin the UWBZ and from 8.53 to 5.19 standard units in the Upper City Aquifer. The
pH was me asured below 6 standard units at RU-14B, RU-16, RU-17B, and UA2 in the UWBZ.
The pH was measured below 6 standard units at RU-18 and Alcas D-2 and was measured above
8 standard units at UC-1, UC-3, and UC-4 in the Upper City Aquifer. Groundwater temperature
was measured across the site and ranged from 16 °C to 9 °C in the UWBZ and the Upper City
Aquifer. Conductivity measures a solutions ability to conduct electricity and relates to the
concentration of dissolved ions. Specific Conductivity was measured across the site and ranged
from 73 uS/cm to 2773 uS/cm in the UWBZ and 375 pS/cm to 1138 puS/cm in the Upper City
Aquifer. pH, temperature, and specific conductivity are reported in Table 3-3.
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4.0 Conclusions

The results from the natural attenuation evaluation suggest the following conclusions:

e Evidence of biodegradation is observed with the accumulation of TCE daughter products,
DCE and VC. Degradation products are observed more readily at high TCE
concentration areas but are not as prevalent in areas of low TCE concentration.

e The Site does not contain sufficient electron donors, TOC, to drive dechlorination. The
process is Electron donor limiting at the Site.

e The Site has alow Reducing potential based on availability of DO, Nitrate, Sulfate and
ORP field measurements.

e Chloride and Alkalinity concentrations confirm that some amount of biodegradation is
occurring at high TCE concentration areas.
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Table 3-1

Volatile Organic Constituents

in Groundwater

Alcas Cutlery Corporation

Olean, New York

Client Sample ID

B-1

B-2

BC-1

BC-2

BC-3

BC-4

BC-5

CW-13

CW-13A

D-2

Collection Date

11/29/2011 14:00

11/29/2011 18:00

12/2/2011 18:06

12/2/2011 13:45

12/2/2011 18:30

12/2/2011 12:00

12/2/2011 15:45

12/2/2011 9:10

12/1/2011 11:30

12/2/2011 8:00

Analysis Date

12/10/2011 13:40

12/9/2011 11:38

12/13/2011 17:45

12/13/2011 16:58

12/13/2011 18:09

12/13/2011 16:34

12/13/2011 17:22

12/14/2011 20:43

12/13/2011 3:05

12/13/2011 5:02

Analysis Method 82608 8260B 8260B 8260B 8260B 8260B 8260B 8260B 8260B 8260B
Dilution Factor 1 20 1 1 1 1 1 1 1 1

CAS Analyte Unit Result Result Result Result Result Result Result Result Result Result
71-55-6 1,1,1-Trichloroethane ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U 1.2
79-34-5 1,1,2,2-Tetrachloroethane ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane ug/L <1 u <20 U <1 u <1 u <1 U <1 U <1 U <1 U 0.46 J <1 U
79-00-5 1,1,2-Trichloroethane ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U 2.4
75-34-3 1,1-Dichloroethane ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-35-4 1,1-Dichloroethene ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U 6.9
120-82-1 1,2,4-Trichlorobenzene ug/L <1 U <20 U <1 u <1 u <1 U <1 U <1 U <1 U <1 u <1 U
96-12-8 1,2-Dibromo-3-Chloropropane ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
106-93-4 1,2-Dibromoethane ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
95-50-1 1,2-Dichlorobenzene ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
107-06-2 1,2-Dichloroethane ug/L <1 U <20 ] <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
78-87-5 1,2-Dichloropropane ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 8] <1 U
541-73-1 1,3-Dichlorobenzene ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
106-46-7 1,4-Dichlorobenzene ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
78-93-3 2-Butanone (MEK) ug/L < 10 U < 200 ] < 10 U <10 U <10 U <10 U <10 U <10 U <10 U < 10 U
591-78-6 2-Hexanone ug/L <5 U < 100 U <5 U <5 U <5 U <5 U <5 U <5 U <5 U <5 U
108-10-1 4-Methyl-2-pentanone (MIBK) ug/L <5 U < 100 U <5 U <5 U <5 U <5 U <5 U <5 U <5 U <5 U
67-64-1 Acetone ug/L <10 U < 200 U <10 U <10 U <10 U <10 U <10 U 3.2 J <10 U <10 U
71-43-2 Benzene ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U 0.45 J
75-27-4 Bromodichloromethane ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-25-2 Bromoform ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
74-83-9 Bromomethane ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-15-0 Carbon disulfide ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U 1.7 <1 U
56-23-5 Carbon tetrachloride ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
108-90-7 Chlorobenzene ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-00-3 Chloroethane ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U 0.51 J
67-66-3 Chloroform ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U 0.77 J
74-87-3 Chloromethane ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
156-59-2 cis-1,2-Dichloroethene ug/L <1 U 190 <1 U <1 U <1 U 1.3 <1 U <1 U 2.9 440 D
10061-01-5 [cis-1,3-Dichloropropene ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
110-82-7 Cyclohexane ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
124-48-1 Dibromochloromethane ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-71-8 Dichlorodifluoromethane ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
100-41-4 Ethylbenzene ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
98-82-8 Isopropylbenzene ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
79-20-9 Methyl acetate ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
1634-04-4 [Methyl tert-butyl ether ug/L <1 U <20 ] <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
108-87-2 Methylcyclohexane ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-09-2 Methylene Chloride ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
100-42-5 Styrene ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
127-18-4  |Tetrachloroethene ug/L <1 U <20 U <1 U <1 U <1 U <1 U 0.83 J <1 U <1 U 8.7
108-88-3 Toluene ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
156-60-5 [trans-1,2-Dichloroethene ug/L <1 U <20 U <1 U <1 U <1 U <1 U 1 U <1 U <1 U 8.1
10061-02-6 [trans-1,3-Dichloropropene ug/L <1 U <20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
79-01-6 Trichloroethene ug/L <1 U 2900 D 5.5 0.98 J <1 U 14 5 1.5 95 16000 D
75-69-4 Trichlorofluoromethane ug/L <1 U < 20 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-01-4 Vinyl chloride ug/L <1 U 26 <1 U <1 U <1 U <1 U <1 U <1 U <1 U 51
1330-20-7 [Xylenes, Total ug/L <2 U < 40 U <2 U <2 U <2 U <2 U <2 U <2 U <2 U <2 U

U - Analyzed for but not detected.

* - MS, MSD, LCS or LCSD exceeds the control limit.

J - Indicates an estimated value.

D - Result determined from Secondary Dultion Factor.
E - Compound concentration exceeds the upper level of the calibration range of the instrument.

1of5




Table 3-1
Volatile Organic Constituents
in Groundwater

Alcas Cutlery Corporation
Olean, New York

Client Sample ID P-1 P-2 RU-1 RU-3 RU-4 RU-5 RU-6 RU-7 RU-8 RU-9
Collection Date 12/1/2011 16:30 12/1/2011 11:30 12/1/2011 15:00 11/30/2011 15:15 11/30/2011 16:30 12/1/2011 17:00 11/30/2011 14:00 12/1/2011 9:00 11/30/2011 9:30 11/30/2011 11:00
Analysis Date 12/13/2011 0:44 12/13/2011 1:08 12/13/2011 2:41 12/12/2011 14:37 12/10/2011 17:23 12/13/2011 3:51 12/12/2011 14:59 12/13/2011 1:31 12/10/2011 19:14 12/12/2011 13:31
Analysis Method 8260B 8260B 82608 8260B 82608 82608 8260B 8260B 8260B 8260B
Dilution Factor 1 1 1 4 1 1 500 1 1 1

CAS Analyte Unit Result Result Result Result Result Result Result Result Result Result
71-55-6 1,1,1-Trichloroethane ug/L <1 U <1 U <1 U <4 ] <1 U 7.3 < 500 U <1 U <1 U <1 ]
79-34-5 1,1,2,2-Tetrachloroethane ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane ug/L <1 U <1 U <1 U <4 U <1 U 0.83 J < 500 U 0.4 J <1 U <1 U
79-00-5 1,1,2-Trichloroethane ug/L <1 U <1 U <1 U <4 U <1 U 6.6 < 500 U <1 U <1 U <1 U
75-34-3 1,1-Dichloroethane ug/L <1 U <1 U <1 U <4 U 0.66 J <1 U < 500 U <1 U <1 U <1 U
75-35-4 1,1-Dichloroethene ug/L <1 U <1 U <1 U <4 U 100 E 15 < 500 U <1 U <1 U <1 U
120-82-1 1,2,4-Trichlorobenzene ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
96-12-8 1,2-Dibromo-3-Chloropropane ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
106-93-4 1,2-Dibromoethane ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
95-50-1 1,2-Dichlorobenzene ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
107-06-2 1,2-Dichloroethane ug/L <1 U <1 ] <1 ] <4 U <1 U <1 ] < 500 ] <1 U <1 U <1 ]
78-87-5 1,2-Dichloropropane ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
541-73-1 1,3-Dichlorobenzene ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
106-46-7 1,4-Dichlorobenzene ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
78-93-3 2-Butanone (MEK) ug/L <10 U <10 ] <10 U < 40 U < 10 U <10 ] < 5000 ] <10 U < 10 U <10 ]
591-78-6 2-Hexanone ug/L <5 U <5 U <5 U <20 U <5 U <5 U < 2500 U <5 U <5 U <5 U
108-10-1 4-Methyl-2-pentanone (MIBK) ug/L <5 U <5 U <5 U <20 U <5 U <5 U < 2500 U <5 U <5 U <5 U
67-64-1 Acetone ug/L <10 U <10 U <10 U < 40 U <10 U <10 U < 5000 U <10 U <10 U <10 U
71-43-2 Benzene ug/L <1 U <1 U <1 U <4 U 4.9 0.54 J < 500 U <1 U <1 U <1 U
75-27-4 Bromodichloromethane ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
75-25-2 Bromoform ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
74-83-9 Bromomethane ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
75-15-0 Carbon disulfide ug/L <1 U <1 ] <1 ] <4 uU* <1 U <1 ] < 500 ] <1 U <1 U <1 ]
56-23-5 Carbon tetrachloride ug/L <1 U <1 U <1 U <4 U <1 U 1.7 < 500 U <1 U <1 U <1 U
108-90-7 Chlorobenzene ug/L <1 U <1 U <1 U <4 U <1 U 1 U < 500 U <1 U <1 U <1 U
75-00-3 Chloroethane ug/L <1 U <1 U <1 U <4 U 11 <1 U < 500 U <1 U <1 U <1 U
67-66-3 Chloroform ug/L <1 U <1 U <1 U 2.1 J 0.98 J 2.1 < 500 U <1 U <1 U <1 ]
74-87-3 Chloromethane ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
156-59-2 cis-1,2-Dichloroethene ug/L 11 <1 U 1.1 31 16000 D 270 E < 500 U <1 U 5.7 <1 U
10061-01-5 |cis-1,3-Dichloropropene ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
110-82-7 Cyclohexane ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
124-48-1 Dibromochloromethane ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
75-71-8 Dichlorodifluoromethane ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
100-41-4 Ethylbenzene ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
98-82-8 Isopropylbenzene ug/L <1 U <1 U <1 U <4 ] <1 U <1 ] < 500 U <1 U <1 U <1 U
79-20-9 Methyl acetate ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
1634-04-4 |Methyl tert-butyl ether ug/L <1 ] <1 ] <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
108-87-2 Methylcyclohexane ug/L <1 U <1 U <1 u <4 u <1 U <1 u < 500 u <1 U <1 U <1 U
75-09-2 Methylene Chloride ug/L <1 U 1 U <1 U <4 U 9.9 <1 U < 500 U <1 U <1 U <1 ]
100-42-5 Styrene ug/L <1 U 1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
127-18-4  |Tetrachloroethene ug/L <1 U <1 U <1 U <4 U 140 E 100 E < 500 U <1 U <1 U <1 U
108-88-3 Toluene ug/L <1 U <1 U <1 U <4 U 14 <1 U < 500 U <1 U <1 U <1 U
156-60-5 |trans-1,2-Dichloroethene ug/L <1 U <1 U <1 U <4 U 200 E 11 < 500 U <1 U <1 U <1 U
10061-02-6 |trans-1,3-Dichloropropene ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
79-01-6 Trichloroethene ug/L 17 1.6 8.8 210 13000 E 80000 D 31000 9.4 120 D 0.87 J
75-69-4 Trichlorofluoromethane ug/L <1 U <1 U <1 U <4 U <1 U <1 U < 500 U <1 U <1 U <1 U
75-01-4 Vinyl chloride ug/L 2.5 <1 U <1 U 13 2700 D 13 < 500 U <1 U <1 U <1 U
1330-20-7 |Xylenes, Total ug/L <2 U <2 U <2 U <8 U 3.1 <2 U < 1000 U <2 U <2 U <2 U

U - Analyzed for but not detected.
* - MS, MSD, LCS or LCSD exceeds the control limit.
J - Indicates an estimated value.
D - Result determined from Secondary Dultion Factor.

E - Compound concentration exceeds the upper level of the ca
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Table 3-1

Volatile Organic Constituents

in Groundwater

Alcas Cutlery Corporation

Olean, New York

Client Sample ID

RU-11

RU-12

RU-13

RU-14A

RU-14B

RU-15

RU-16

RU-17A

RU-17B

RU-17C

Collection Date

11/29/2011 14:11

11/29/2011 17:00

12/2/2011 9:55

12/1/2011 12:30

12/2/2011 11:40

11/29/2011 15:52

12/1/2011 13:45

12/1/2011 13:30

12/2/2011 13:33

11/29/2011 16:35

Analysis Date

12/10/2011 14:47

12/10/2011 15:09

12/14/2011 19:55

12/13/2011 2:18

12/13/2011 15:24

12/10/2011 15:32

12/13/2011 3:28

12/13/2011 1:54

12/13/2011 15:47

12/10/2011 14:03

Analysis Method 8260B 82608 8260B 8260B 8260B 8260B 8260B 8260B 8260B 8260B
Dilution Factor 1 1 1 1 5 1 1 1 4 1

CAS Analyte Unit Result Result Result Result Result Result Result Result Result Result

71-55-6 1,1,1-Trichloroethane ug/L <1 U <1 U <1 U <1 U <5 U <1 ] <1 U <1 U <4 U <1 U
79-34-5 1,1,2,2-Tetrachloroethane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane ug/L <1 U <1 u <1 U <1 U <5 U <1 U <1 U <1 u <4 U <1 U
79-00-5 1,1,2-Trichloroethane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
75-34-3 1,1-Dichloroethane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
75-35-4 1,1-Dichloroethene ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
120-82-1 1,2,4-Trichlorobenzene ug/L <1 U <1 u <1 U <1 U <5 U <1 U <1 U <1 u <4 U <1 U
96-12-8 1,2-Dibromo-3-Chloropropane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
106-93-4 1,2-Dibromoethane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
95-50-1 1,2-Dichlorobenzene ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
107-06-2 1,2-Dichloroethane ug/L <1 ] <1 U <1 U <1 U <5 U <1 ] <1 U <1 U <4 U <1 U
78-87-5 1,2-Dichloropropane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
541-73-1 1,3-Dichlorobenzene ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
106-46-7 1,4-Dichlorobenzene ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
78-93-3 2-Butanone (MEK) ug/L <10 ] <10 U <10 U <10 ] < 50 ] <10 U < 10 U < 10 U <40 U <10 U
591-78-6 2-Hexanone ug/L <5 U <5 U <5 U <5 U < 25 U <5 U <5 U <5 U <20 U <5 U
108-10-1 4-Methyl-2-pentanone (MIBK) ug/L <5 U <5 U <5 U <5 U < 25 U <5 U <5 U <5 U <20 U <5 U
67-64-1 Acetone ug/L <10 U <10 U <10 U <10 U < 50 U <10 U 3.7 J <10 U <40 U <10 U
71-43-2 Benzene ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
75-27-4 Bromodichloromethane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
75-25-2 Bromoform ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
74-83-9 Bromomethane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
75-15-0 Carbon disulfide ug/L <1 ] <1 U <1 U <1 U <5 U <1 U 0.57 J <1 U <4 U <1 U
56-23-5 Carbon tetrachloride ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
108-90-7 Chlorobenzene ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
75-00-3 Chloroethane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
67-66-3 Chloroform ug/L <1 ] <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
74-87-3 Chloromethane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
156-59-2 cis-1,2-Dichloroethene ug/L 1.4 3.5 <1 U <1 U 46 <1 U 11 <1 U 49 <1 U
10061-01-5 [cis-1,3-Dichloropropene ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
110-82-7 Cyclohexane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
124-48-1 Dibromochloromethane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
75-71-8 Dichlorodifluoromethane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
100-41-4 Ethylbenzene ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
98-82-8 Isopropylbenzene ug/L <1 U <1 U <1 U <1 U <5 ] <1 ] <1 U <1 U <4 U <1 U
79-20-9 Methyl acetate ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
1634-04-4 |Methyl tert-butyl ether ug/L <1 ] <1 U <1 U <1 U <5 U <1 ] <1 U <1 U <4 U <1 U
108-87-2 Methylcyclohexane ug/L <1 U <1 U <1 u <1 u <5 U <1 U <1 U <1 U <4 U <1 U
75-09-2 Methylene Chloride ug/L 1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
100-42-5 Styrene ug/L 1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 S
127-18-4  |Tetrachloroethene ug/L <1 U <1 U <1 U 1.7 <5 U <1 U <1 U <1 U <4 U <1 U
108-88-3 Toluene ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
156-60-5 |trans-1,2-Dichloroethene ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
10061-02-6 |trans-1,3-Dichloropropene ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 S
79-01-6 Trichloroethene ug/L <1 U 1.5 6.2 0.55 J 330 0.6 J 43 <1 U 330 <1 U
75-69-4 Trichlorofluoromethane ug/L <1 U <1 U <1 U <1 U <5 U <1 U <1 U <1 U <4 U <1 U
75-01-4 Vinyl chloride ug/L 1.1 3.5 <1 U <1 U 18 <1 U <1 U <1 U 3.7 J <1 U
1330-20-7 |Xylenes, Total ug/L <2 U <2 U <2 U <2 U <10 U <2 U <2 U <2 U <8 U <2 U

U - Analyzed for but not detected.

* - MS, MSD, LCS or LCSD exceeds the control limit.

J - Indicates an estimated value.

D - Result determined from Secondary Dultion Factor.

E - Compound concentration exceeds the upper level of the ca
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Table 3-1

Volatile Organic Constituents

in Groundwater

Alcas Cutlery Corporation

Olean, New York

Client Sample ID

RU-18

UA-1

UA-2

UA-3

UA-4

UAS

UC-1

UC-2

UC-3

Collection Date

12/2/2011 8:30

11/30/2011 17:11

11/30/2011 15:30

11/30/2011 13:45

11/30/2011 11:35

11/30/2011 9:15

11/30/2011 18:00

11/30/2011 10:00

11/30/2011 16:35

Analysis Date

12/13/2011 4:38

12/12/2011 13:52

12/10/2011 20:20

12/10/2011 19:58

12/10/2011 15:54

12/9/2011 12:00

12/10/2011 17:00

12/12/2011 13:08

12/10/2011 16:38

Analysis Method 8260B 8260B 8260B 82608 8260B 8260B 8260B 8260B 8260B
Dilution Factor 1 1 1 1 1 1 1 1 1

CAS Analyte Unit Result Result Result Result Result Result Result Result Result
71-55-6 1,1,1-Trichloroethane ug/L <1 U <1 U <1 ] <1 U <1 U <1 U <1 U <1 U <1 ]
79-34-5 1,1,2,2-Tetrachloroethane ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane ug/L <1 u <1 u <1 U <1 U <1 U <1 U <1 U <1 U <1 U
79-00-5 1,1,2-Trichloroethane ug/L 0.77 J <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-34-3 1,1-Dichloroethane ug/L <1 U <1 U <1 ] <1 U <1 U <1 U <1 U <1 U <1 U
75-35-4 1,1-Dichloroethene ug/L 5.8 <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
120-82-1 1,2,4-Trichlorobenzene ug/L <1 u <1 u <1 U <1 u <1 U <1 U <1 U <1 U <1 U
96-12-8 1,2-Dibromo-3-Chloropropane ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
106-93-4 1,2-Dibromoethane ug/L <1 U <1 U <1 ] <1 U <1 U <1 U <1 U <1 U <1 U
95-50-1 1,2-Dichlorobenzene ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
107-06-2 1,2-Dichloroethane ug/L <1 U <1 U <1 ] <1 U <1 ] <1 U <1 ] <1 U <1 ]
78-87-5 1,2-Dichloropropane ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
541-73-1 1,3-Dichlorobenzene ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
106-46-7 1,4-Dichlorobenzene ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
78-93-3 2-Butanone (MEK) ug/L <10 U <10 U <10 U <10 U <10 U <10 U <10 U <10 U <10 U
591-78-6 2-Hexanone ug/L <5 U <5 U <5 U <5 U <5 U <5 U <5 U <5 U <5 U
108-10-1 4-Methyl-2-pentanone (MIBK) ug/L <5 U <5 U <5 ] <5 U <5 U <5 U <5 U <5 U <5 U
67-64-1 Acetone ug/L <10 U <10 U <10 U <10 U <10 U <10 U <10 U <10 U <10 U
71-43-2 Benzene ug/L 0.41 J <1 U <1 ] <1 U <1 U <1 U <1 U <1 U <1 U
75-27-4 Bromodichloromethane ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-25-2 Bromoform ug/L 1 U <1 U <1 ] <1 U <1 U <1 U <1 U <1 U <1 U
74-83-9 Bromomethane ug/L 1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-15-0 Carbon disulfide ug/L 0.98 J <1 U <1 u* <1 U <1 ] <1 U <1 ] <1 U <1 U
56-23-5 Carbon tetrachloride ug/L 1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
108-90-7 Chlorobenzene ug/L 1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-00-3 Chloroethane ug/L 0.51 J <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
67-66-3 Chloroform ug/L 1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
74-87-3 Chloromethane ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
156-59-2  |cis-1,2-Dichloroethene ug/L 1700 D 49 9.3 3.1 <1 U <1 U <1 U <1 U <1 U
10061-01-5 [cis-1,3-Dichloropropene ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
110-82-7 Cyclohexane ug/L <1 U <1 U <1 ] <1 U <1 U <1 U <1 U <1 U <1 U
124-48-1 Dibromochloromethane ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-71-8 Dichlorodifluoromethane ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
100-41-4 Ethylbenzene ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
98-82-8 Isopropylbenzene ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
79-20-9 Methyl acetate ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
1634-04-4 [Methyl tert-butyl ether ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
108-87-2 Methylcyclohexane ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-09-2 Methylene Chloride ug/L <1 U <1 U <1 ] <1 U <1 ] <1 U <1 U <1 U <1 U
100-42-5 Styrene ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
127-18-4  |Tetrachloroethene ug/L 2.9 <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
108-88-3 Toluene ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
156-60-5 [trans-1,2-Dichloroethene ug/L 9.3 <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
10061-02-6 [trans-1,3-Dichloropropene ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
79-01-6 Trichloroethene ug/L 4600 D 0.91 J 13 29 5.6 18 13 <1 U 7.2

75-69-4 Trichlorofluoromethane ug/L <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U <1 U
75-01-4 Vinyl chloride ug/L 43 8.3 <1 U <1 U <1 U <1 U <1 U <1 U <1 U
1330-20-7 [Xylenes, Total ug/L <2 U <2 U <2 U <2 U <2 U <2 U <2 U <2 U <2 U

U - Analyzed for but not detected.

* - MS, MSD, LCS or LCSD exceeds the control limit.

J - Indicates an estimated value.

D - Result determined from Secondary Dultion Factor.

E - Compound concentration exceeds the upper level of the ca
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Table 3-1
Volatile Organic Constituents
in Groundwater

Alcas Cutlery Corporation
Olean, New York

Client Sample ID uc-4 UC-5 EQUIP BLANK TRIP BLANK
Collection Date 11/30/2011 14:30 11/30/2011 12:30 12/3/2011 8:00 12/3/2011 8:00
Analysis Date 12/10/2011 16:16 12/12/2011 12:46 12/13/2011 18:32 12/13/2011 18:56
Analysis Method 82608 8260B 8260B 82608
Dilution Factor 1 1 1 | 1|

CAS Analyte Unit Result Result Result Result

71-55-6 1,1,1-Trichloroethane ug/L <1 u <1 U <1 u <1 U
79-34-5 1,1,2,2-Tetrachloroethane ug/L <1 U <1 U <1 U <1 U
76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane ug/L <1 u <1 U <1 U <1 U
79-00-5 1,1,2-Trichloroethane ug/L <1 U <1 U <1 U <1 U
75-34-3 1,1-Dichloroethane ug/L <1 u <1 U <1 U <1 U
75-35-4 1,1-Dichloroethene ug/L <1 U <1 U <1 U <1 U
120-82-1 1,2,4-Trichlorobenzene ug/L <1 u <1 U <1 U <1 U
96-12-8 1,2-Dibromo-3-Chloropropane ug/L <1 U <1 U <1 U <1 U
106-93-4 1,2-Dibromoethane ug/L <1 u <1 U <1 U <1 U
95-50-1 1,2-Dichlorobenzene ug/L <1 U <1 U <1 U <1 U
107-06-2 1,2-Dichloroethane ug/L <1 U <1 U <1 U <1 U
78-87-5 1,2-Dichloropropane ug/L <1 U <1 U <1 U <1 U
541-73-1 1,3-Dichlorobenzene ug/L <1 U <1 U <1 U <1 8]
106-46-7 1,4-Dichlorobenzene ug/L <1 U <1 U <1 U <1 U
78-93-3 2-Butanone (MEK) ug/L < 10 U <10 U <10 U < 10 U
591-78-6 2-Hexanone ug/L <5 U <5 U <5 U <5 U
108-10-1 4-Methyl-2-pentanone (MIBK) ug/L <5 U <5 U <5 U <5 U
67-64-1 Acetone ug/L <10 u <10 U 6.6 J 6.9 J
71-43-2 Benzene ug/L <1 U <1 U <1 U <1 U
75-27-4 Bromodichloromethane ug/L <1 U <1 U <1 U <1 U
75-25-2 Bromoform ug/L <1 U <1 U <1 U <1 U
74-83-9 Bromomethane ug/L <1 U <1 U <1 U <1 U
75-15-0 Carbon disulfide ug/L <1 u* <1 U <1 U <1 U
56-23-5 Carbon tetrachloride ug/L <1 U <1 U <1 U <1 U
108-90-7 Chlorobenzene ug/L <1 U <1 U <1 U <1 U
75-00-3 Chloroethane ug/L <1 U <1 U <1 U <1 U
67-66-3 Chloroform ug/L <1 U <1 U <1 U <1 U
74-87-3 Chloromethane ug/L <1 U <1 U <1 U <1 U
156-59-2 cis-1,2-Dichloroethene ug/L 1.8 0.93 J <1 U <1 U
10061-01-5 (cis-1,3-Dichloropropene ug/L <1 U <1 U <1 U <1 U
110-82-7 Cyclohexane ug/L <1 U <1 U <1 U <1 U
124-48-1 Dibromochloromethane ug/L <1 U <1 U <1 U <1 U
75-71-8 Dichlorodifluoromethane ug/L <1 U <1 U <1 U <1 U
100-41-4 Ethylbenzene ug/L <1 U <1 U <1 U <1 U
98-82-8 Isopropylbenzene ug/L <1 U <1 U <1 U <1 U
79-20-9 Methyl acetate ug/L <1 U <1 U <1 U <1 U
1634-04-4 [Methyl tert-butyl ether ug/L <1 U <1 U <1 U <1 U
108-87-2 Methylcyclohexane ug/L <1 U <1 U <1 U <1 S
75-09-2 Methylene Chloride ug/L <1 U 1 U <1 U <1 S
100-42-5 |Styrene ug/L <1 U 1 U <1 U <1 U
127-18-4  |Tetrachloroethene ug/L <1 U <1 U <1 U <1 U
108-88-3 Toluene ug/L <1 u <1 U <1 u <1 u
156-60-5 [trans-1,2-Dichloroethene ug/L <1 U <1 U <1 U <1 U
10061-02-6 [trans-1,3-Dichloropropene ug/L <1 U <1 U <1 U <1 U
79-01-6 Trichloroethene ug/L 55 95 <1 u <1 u
75-69-4 Trichlorofluoromethane ug/L <1 U <1 U <1 U <1 U
75-01-4 Vinyl chloride ug/L <1 U <1 U <1 U <1 U
1330-20-7 [Xylenes, Total ug/L <2 U <2 U <2 U <2 U

U - Analyzed for but not detected.

* - MS, MSD, LCS or LCSD exceeds the control limit.

J - Indicates an estimated value.

D - Result determined from Secondary Dultion Factor.

E - Compound concentration exceeds the upper level of the ca
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Table 3-2

General Chemistry Parameters in Groundwater

Alcas Cutlery Corporation

Olean, New York

Client Sample ID . RU-3 RU-4 RU-6 RU-8 RU-9 UA-1 UA-2 UA-3 UA-4
- Reporting
Collection Date Limit 11/30/2011| 11/30/2011]| 11/30/2011{ 11/30/2011| 11/30/2011] 11/30/2011{ 11/30/2011| 11/30/2011| 11/30/2011
Analysis Date 12/12/2011| 12/10/2011| 12/12/2011| 12/10/2011| 12/12/2011] 12/12/2011{ 12/10/2011| 12/10/2011| 12/10/2011
CAS Analyte Unit

74-84-0 Ethane mg/L 0.003 0.0068 0.2 U 0.00091J U 0.0005J U U U
74-85-1 Ethene mg/L 0.004 0.013 0.27) U 0.00076J U U U U U
74-82-8 Methane mg/L 0.002 0.14 0.9 0.0041 0.013 U 0.11 U 0.00049 J U
16887-00-6 Chloride mg/L 1 244 566 140 11.7 9.1 3.2 11.1 3.2 50.9
14808-79-8 Sulfate mg/L 2 46 56.6 31.7 394 9.3 47.6 27.9 13.8 29.8
14797-55-8 | NitrateasN | mg/L 0.1 U 0.025) 1.3 0.36 2.5 U 1.8 0.88 2.4
CoD mg/L 10 U 41.8 6.7) U 21.2 34.8 14.9 U U
Alkalinity mg/L 5 352 342 227 352 75.1 163 61.3 89.4 251
18496-25-8 Sulfide mg/L 1 U U U U U U V) V) U
7440-44-0 TOC mg/L 1 3.4 5.8 1.2 1.2 1.5 14.4 5.7 10.8 U

U - Analyzed for but not detected.
J - Indicates an estimated value.
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Table 3-2
General Chemistry Parameters in Groundwater

Alcas Cutlery Corporation

Olean, New York

Client Sample ID . UA-5 UC-1 uUC-2 uc-3 uc-4 Uc-5
- Reporting
Collection Date Limit 11/30/2011| 11/30/2011| 11/30/2011| 11/30/2011| 11/30/2011| 11/30/2011
Analysis Date 12/9/2011( 12/10/2011| 12/12/2011| 12/10/2011| 12/10/2011| 12/12/2011
CAS Analyte Unit
74-84-0 Ethane mg/L 0.003 U U U U U U
74-85-1 Ethene mg/L 0.004 U U U U U U
74-82-8 Methane mg/L 0.002 U U U 0.0003J 0.00023J 0.00023J
16887-00-6 Chloride mg/L 1 59.7 97.4 88.1 90.3 165 109
14808-79-8 Sulfate mg/L 2 30 24.6 32.3 24 38.9 39.9
14797-55-8 | Nitrateas N | mg/L 0.1 2.4 1.7 2.3 1.3 14 0.056J
COD mg/L 10 U U U U U U
Alkalinity mg/L 5 238 244 184 293 221 205
18496-25-8 Sulfide mg/L 1 U U U U U U
7440-44-0 TOC mg/L 1 0.64) 0.84) 0.45) 1.1 0.47) 0.56J

U - Analyzed for but not detected.

J - Indicates an estimated value.
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Table 3-3

General Chemistry in Groundwater (Field Parameters)

Alcas Cutlery Corporation

Olean, New York

well ID Dissolved | Ferrous ORP oH Temp sc
Oxygen Iron
mg/L mg/L mv SU °c puS/cm
RU-1 9.4 0 156.3 6.82 12.4 837
RU-3 3.63 0 164.8 6.16 13.9 1264
RU-4 3.47 0.06 154.2 6.39 14.5 2116
RU-5 3.07 0 -131.5 6.49 16.6 618
RU-6 5.06 0 199.8 7.13 12.3 152
RU-7 3.46 0.23 193.2 7.12 10.3 669
RU-8 0.97 0.05 -17 7.02 9.4 419
RU-9 0.97 0.06 23.6 6.84 16.3 73
RU-10 ND ND ND ND ND ND
RU-11 ND 0.51 ND 7.35 13.9 424
RU-12 ND 1.98 ND 6.08 13.1 448
RU-13 1.28 0.41 152.3 6.1 15.9 781
RU-14A 7.23 0.16 169.2 7.23 13.7 634
RU-14B 2.11 0 144 5.39 15.0 1464
RU-15 ND 0.58 ND 6.15 12.9 137
RU-16 2.66 0.1 -106.6 4.7 11.5 187
RU-17A 9.27 0.09 154.7 6.6 15.5 2773
RU-17B 1.8 0 136.2 5.43 13.8 2647
UA-1 0.63 0.81 -30.7 6.18 114 291
UA-2 0.9 0 42.5 5.93 9.8 141
UA-3 0.69 0.03 20.3 6.38 10.9 111
UA-4 3.56 0.18 127.5 7.44 12.2 583
UA-5 4.71 0.16 162 7.43 14.8 546
B-1 3.92 1.9 165.2 5.97 15.1 1540
P-1 5.07 ND 130.9 7.4 10.4 511
P-2 6.02 0.42 171.6 6.79 13.3 539
CW-13A 3.57 1.49 -72 6.39 9.4 406
RU-2 ND ND ND ND ND ND
RU-17C 2.86 0.02 194.3 7.07 14.0 782
RU-18 2.65 0.24 144.7 5.93 12.0 692
UC-1 1.64 0 175.3 8.14 10.8 698
uc-2 3.68 0.14 188.6 7.39 10.9 605
uc-3 1.17 0.2 160.7 8.09 10.7 734
uc-4 0.8 0.01 161.5 8.53 14.4 870
UC-5 2.5 0.07 196.5 7.28 9.0 375
B-2 3.01 1.9 168.4 6.54 14.9 1138
Alcas D2 4.68 0 144.4 5.19 9.1 807
BC-1 3.58 0.1 -62.9 8.14 9.9 0.507
BC-2 3.46 0.12 -53.3 8.31 10.9 0.422
BC-3 0.32 ND 168.6 10.27 8.1 0.672
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Table 3-3

General Chemistry in Groundwater (Field Parameters)

Alcas Cutlery Corporation

Olean, New York

well ID Dissolved | Ferrous ORP oH Temp sc
Oxygen Iron
mg/L mg/L mv SU °c puS/cm
BC-4 0.516 0 -43.8 8.39 114 0.45
BC-5 ND 0.19 ND 8.65 10.4 0.403
CW-13 6.4 0 170.6 7.98 7.9 0.472

ND- Parameter Not determined.

2 0of 2




ENI, LLC

Figures



w 37/38M
[\

UA-3 LEGEND

uc-1 Aﬁ UC/UCTZ AQUIFER WELLS
UA—-1 $ UPPER AQUITARD WELLS
w<<l_#.mw. EXISTING MONITORING WELLS

_NCI_N.%. NEW MONITORING WELLS
18M @ PUBLIC WATER WELL

e

ENI-1 ® BORING
—— — —— PROPERTY BOUNDARY

RU-T7

RU-17B —O—— FENCE

RU-17C,

Taggerty Avenue
SW—14¢

0 75 150 300

SCALE IN FEET

ENVIRONEERING, INC.

T FIGURE 2—1
WELL LOCATIN MAP

D. Michael Canada P.L.S. No. 49245

Elevation datum from the City of Olean, >_lo>m _.|>O__l_._.<
OLEAN, NEW YORK

Engineering Office, Olean, NY. Base being USGS.
DRAWN BY: DATE: PROJ. NO.




Notes:
This plat was completed on Jan. 2012

D. Michael Canada P.LS. No. 49245

Elevation datum from the City of Olean,
Engineering Office, Olean, NY. Base being USGS.

0.005 ppm

%_ngf

Ru-17¢ RULZA

Taggerty Avenue

w 37/38M
[\

LEGEND

UA—1-€- ALCAS MONITORING WELLS
SW—14-¢ EXISTING MONITORING WELLS

18M ® PUBLIC WATER WELL

ENI—-1 ® BORING
—— — —— PROPERTY BOUNDARY
——0o—— FENCE

TCE CONCENTRATION IN THE UPPER
0.0011 WATER BEARING ZONE mg/L

SAMPLES COLLECTED IN DECEMBER 2011

0 75 150 300

SCALE IN FEET

ENVIRONEERING, INC.

FIGURE 3-1
TCE
Concentration Isopleth Map
Upper Water Bearing Zone

ALCAS FACILITY
OLEAN, NEW YORK

DRAWN BY: DATE: PROJ. NO.
137-154




w 37/38M
[\

LEGEND

UA—1-€- ALCAS MONITORING WELLS
SW—14-¢ EXISTING MONITORING WELLS

18M ® PUBLIC WATER WELL

ENI—-1 ® BORING
—— — —— PROPERTY BOUNDARY

[ RU-2
3

RU-17C, xcnﬁ

——0—— FENCE

,_xvmcu:m
4 Taggerty Avenue TCE CONCENTRATION
BC-2 w :¢// IN THE UPPER CITY AND UPPER CITY
- TRANSITION ZONE mg/L

SAMPLES COLLECTED IN DECEMBER 2011

0 75 150 300

SCALE IN FEET

ENVIRONEERING, INC.

zoﬁﬂw plat was completed on Jan. 2012 _-I_ O C m m u - N
D. Michael Canada P.LS. No. 49245
Elevation datum from the City of Qlean, . |_|O m
Concentration Isopleth Map

Engineering Office, Olean, NY. Base being USGS.

Upper City and Upper City Transition Zone
ALCAS FACILITY
OLEAN, NEW YORK

DRAWN BY: DATE: PROJ. NO.
137-154




Notes:
This plat was completed on Jan. 2012

D. Michael Canada P.L.S. No. 49245
Elevation datum from the City of Olean,

Engineering Office, Olean, NY. Base being USGS.

Taggerty Avenue

msu_.ﬂ_y

W 37/38M
\

LEGEND

UA—1-4- ALCAS MONITORING WELLS
SW—14-4 EXISTNG MONITORING WELLS
18M @ PUBLIC WATER WELL
ENI—1 @ BORING
—  PROPERTY BOUNDARY

— b FENCE
PCE CONCENTRATION
0.0011 IN THE UPPER CITY AND UPPER
CITY TRANSITION ZONE mg/L

PCE CONCENTRATION IN THE UPPER
WATER BEARING ZONE mg/L

SAMPLES COLLECTED IN DECEMBER 2011

0 75 150 300

SCALE IN FEET

ENVIRONEERING, INC.

FIGURE 3-3

PCE

Concentration Isopleth Map

ALCAS FACILITY
OLEAN, NEW YORK

DRAWN BY: DATE: PROJ. NO.
AF 11/13/2012 137—-154




0.005 ppm,

Notes:
This plat was completed on Jan. 2012

D. Michael Canada P.L.S. No. 49245

Elevation datum from the City of Olean,
Engineering Office, Olean, NY. Base being USGS.

Taggerty Avenue

msu_.ﬂ_j

W 37/38M
\

LEGEND

UA—1-4- ALCAS MONITORING WELLS
SW—14-4 EXISTNG MONITORING WELLS
18M @ PUBLIC WATER WELL

ENI-1 @ BORING
——— — —— PROPERTY BOUNDARY

—— 0—— FENCE

cis—1,2—DCE CONCENTRATION
IN THE UPPER CITY AND UPPER
CITY TRANSITION ZONE mg/L

0.0011 cis—1,2—DCE CONCENTRATION IN THE
) UPPER WATER BEARING ZONE mg/L

SAMPLES COLLECTED IN DECEMBER 2011

0 75 150 300

SCALE IN FEET

ENVIRONEERING, INC.

FIGURE 3—4
cis—1,2—DCE

Concentration Isopleth Map

ALCAS FACILITY
OLEAN, NEW YORK

DRAWN BY: DATE: PROJ. NO.
AF 11,/13/2012 137—154




Notes:
This plat was completed on Jan. 2012
D. Michael Canada P.L.S. No. 49245

Elevation datum from the City of Olean,

Engineering Office, Olean, NY. Base being USGS.

{
/\ N
RU-17C
ZQJ%_".C 17A

RU-17B
wo

<3

NC :.>

mc 14B

B—1
MMA

®

A0

Taggerty Avenue

msu_.ﬂ_y

W 37/38M
\

LEGEND

UA-1 .0. ALCAS MONITORING WELLS
w<<l,:..m_w. EXISTING MONITORING WELLS

18M @ PUBLIC WATER WELL

—— — —— PROPERTY BOUNDARY

——— FENCE

cis—1,2—DCE CONCENTRATION
IN' THE UPPER CITY AND UPPER
CITY TRANSITION ZONE mg/L

0.0011 cis—1,2—DCE CONCENTRATION IN THE
: UPPER WATER BEARING ZONE mg/L

SAMPLES COLLECTED IN DECEMBER 2011

0 75 150 300

SCALE IN FEET

ENVIRONEERING, INC.

FIGURE 3-6
Chloride

Concentration Isopleth Map

ALCAS FACILITY
OLEAN, NEW YORK

DRAWN BY: DATE: PROJ. NO.
AF 11/13/2012 137—154




Notes:
This plat was completed on Jan. 2012

D. Michael Canada P.L.S. No. 49245
Elevation datum from the City of Olean,

Engineering Office, Olean, NY. Base being USGS.

Taggerty Avenue

msu_.ﬂ_y

W 37/38M
\

LEGEND

UA-1 .0. ALCAS MONITORING WELLS
w<<l,:..m_w. EXISTING MONITORING WELLS

18M @ PUBLIC WATER WELL

—— — —— PROPERTY BOUNDARY
—0O——  FENCE

ALKALINITY CONCENTRATION
IN THE UPPER CITY AND UPPER

CITY TRANSITION ZONE mg/L

0.0011 ALKALINITY CONCENTRATION IN THE
: UPPER WATER BEARING ZONE mg/L

SAMPLES COLLECTED IN DECEMBER 2011

0 75 150 300

SCALE IN FEET

ENVIRONEERING, INC.

FIGURE 3-7
Alkalinity

Concentration Isopleth Map

ALCAS FACILITY
OLEAN, NEW YORK

DRAWN BY: DATE: PROJ. NO.
AF 11/13/2012 137—154




ENI, LLC

Appendix F

Enhanced Anaerobic Bioremediation Pilot Study



Report

Enhanced Anaerobic
Bioremediation Pilot Study
Alcas Cutlery Corporation
Facility, Olean, New York

Prepared by:

CDM Smith

555 17th Street, Suite
1100

Denver, Colorado 80202

Prepared for:

ALCOA INC.
2300 North Wright Rd.
Alcoa TN, 37701

Attn: Mr. Robert Prezbindowski

May 2012






Table of Contents

Section 1 Introduction

1.1  Project and Regulatory BacCKIrOUNG.....oeeemeessmeesseesseasseesssesssssssessssessssssssssssssssessssssssssssssssssssssessss 1-1
1.2 ODJECHVES.corereeerreeeseeersesessesessseesssssssssesssssesssssesesns
1.3 Technology Description...
1.3.1 EAB ..ooeeereeeesesssesessssssesssssssssssssssass
1.3.2 ELECEION DOMNOTS c.ceeeeeieeecreeseeesseesseesseesssesssssssssssssssesssesssss s s s s sssss s ss s ssssssssasssssssnens 1-2
1.3.3 REAOX CONAILIONS oevrrerusreruseesseessseeesseesssessssseessssssssssesssssesssssesssssessssssssssssssssssssssssssssesssssesssssesssns 1-3
1.3.4 Bioaugmentation ... 1-3
1.4 Data QUAlity ODJECHIVES. ..ot s s p s 1-3
1.4.1 PrODIEM SEAtEIMENT . ...cuuieeereeeeeesseeessseeesseessseesssseeesssesssssesssssesss e sss s ss s ss s s ssssenssas 1-4
1.4.2 DeCiSION QUESTIONS .....cueeieeieesseesseesessesssessssssssssssessss e ssssssssssssssssssssesssssssesssssssssssssssssssssesanes 1-4
1.4.3 INPULS t0 the DECISION ... ettt seeseses s seesssessssessss s sess s ss s b ssasssssssens 1-4
1.4.4 BoUNAATries Of the STUAY ...ccueeeeeeeeesneeeseeessseeessssesssseessssesssssessssssssssssssssssssssssssssssssssesssssesssas 1-4
1.4.5 DECISION RULES ... iieererererirerecssseessseesssesssse s s ssssse s s ss s s s sssaessnas 1-5
1.4.6 Limits on DeciSION EITOIS...issssssssssissssssssssssssssssssssssssssssssns 1-5
1.5 L2030 To) 0] == 311221 (0 ) o OO TSRO 1-6

Section 2  Summary of Activities

2.1  Implementation of EAB Pilot STUAY....ccomenmieeerneesssesssesssesssessssesssssssessssssssssssssssssssssssssssssssans 2-1
2.2.1 RVLTA2T U BT = 11 U o ) o DO OO 2-1
2.2.2 Electron DOnor INJECHION. . eeesrcssssssssssssssssses s sssssssssssssssssssssssssssssssssssssssssssssssssnes 2-1
223 J2 Y Lo TR T=a 00 T=) o =1 (0 ) o PO PP 2-2
2.3 GrOUNAWALET MOMIEOTINEG couuvevusreruseeesseesssseesssseessssesssssesssseessssesssssesssssesssssessssssssssssssssssssssssssssesssssesssssasssssasssss 2-2

Section3  Electron Donor Delivery and Distribution

3.1  Delivery
3.2 Distribution
3.2.1 TOC and Organic Acid Concentrations
3.2.2 SUMMATY Of DISTIIDULION weeuveeeeeeeeeeee e eeeseesse s s ses s s sesss s ssrssesesssesssssesens
3.3 Hydraulic CONAUCHIVIEY TESTING c.ouuvvvueermereseerssseessseessseessssessssssssssssssesssssesssssesssssesssssessssssssssssssssssesssesees

Section 4 EAB Results

41 REAOX COMAITIONS orevrreemseeeseesseersseesseeesseessessseesssessseessseesssssssessssessssssssessssesssessssessssesssessssssssessssssssassssessssssssessasees 4-1
411 Oxidation-Reduction POtential.......eeeeeimeesmeessseessseessssesssssesssssesssesesssesesssssssssesssns 4-1

4.1.2 Inorganic Electron Acceptors e ——— 4-1

0 2 R \ ) i 4-4

4.1.2.2  FeITOUS ITON . ccuieeerreeseeeseessseeseessesseesseessssssessssesssessssssssesssesssssssssssssessssssssessasesns 4-4

4.1.2.3 SUIALE .. evurerreserse s es bbbt 4-5

4.1.24  Methane.. TP 4-5

4.1.3 REAOX SUIMIMATY ..vrerreerrereerseesessssessssessseesssesssesssesssssssssssssesssssssssssssesssesssssssssesssessssassssssssassssssssess 4-5

4.2 Dechlorination .......eeeeen. 4-6
4.2.1 [NJECTION AT e ceeeerereeresrisieses s bbb 4-6

4.2.2 MONIOrING WELLS coouvieererererisersssssessss s sssssssssssssssssss s sssssssssssssssssssans 4-8

4.2.3 Dechlorination SUMIMATY ... ceeeerserseeessesssessessssssssssssssssssssssessssssssssssassssssssssssssesss 4-14

4.3 23 (O T NB T a0 T=) ¢ Lir: U (o) o PP 4-14
4.4 DiSSOIVEA METALS ....ceieeceeceseessestseesses e sssssesssssss s st s s s s bbb bbb 4-15



Table of Contents

Section 5 Pilot Scale Summary and Conclusions

Section 6 References

List of Figures

1-1 Alcas Facility Layout
2-1 Pilot Study Layout

List of Tables

3-1 Hydraulic Conductivity Testing Summary
4-1 Analytical Results Summary

4-2 Dehalococcoides Spp. Analytical Results
4-3 Dissolved Metals Concentrations

Appendices

Appendix A Boring Logs and Well Construction Diagrams
Appendix B Laboratory Data
Appendix C Hydraulic Conductivity Testing Results



Exhibits

3-1A
3-1B
3-1C
3-1D
3-1E
4-1A
4.1B

4.1C

4-1D
4-1E
4-2A
4-2B
4-3A
4-3B
4-4A
4-4B
4-5A
4-5B
4-6A
4-6B

Table of Contents

RU-21 E1eCtron DONOT Data....cecrcieeseississessesessessesssssssssssssssessessssssssssssssssssessesssssssssssssssassassassanes
RU-10 Electron Donor Data....
RU-19 Electron Donor Data........
RU-20 E1Ctron DONOT DAt ... sessssssssssssesssssssesssssssssssssssssssstessssssssssassassssssessens
RU-8 Electron Donor Data........vcnsenenseseessesessesessseens
RU-21 Electron Acceptor Data ......eeenmeesneesnssessnsesnnns
RU-10 Electron Acceptor Data
RU-19 Electron Acceptor Data......
RU-20 Electron Acceptor Data.....cccccnnuenne.
RU-8 Electron Acceptor Data......coecrrrrerrneens
RU-21 VOC Molar Concentrations
RU-21 VOC Mass CONCENIIATIONS ...ccuueurererrcneisiresessiecssesissssessssssessessssessssssssssessssssssssssssssssssssesssssssesas
RU-10 VOC Molar Concentrations
RU-10 VOC Mass CONCENLIATIONS ...covuverrererrernereteenesstesssesssssssesssssessssssssssssssssssessssssssssssssssssssssssssssesas
RU-19 VOC Molar Concentrations
RU-19 VOC Mass Concentrations......

RU-20 VOC Molar Concentrations....

RU-20 VOC Mass Concentrations......

RU-8 VOC Molar CONCENIIAtIONS ....covuerreeererresretsesssssssssesessessesssssssssssssssssssssesesssssssssssssssssessessesnes
RU-8 VOC MasS CONCENIIAtIONS......curuerrereresrearesresssssssssessessessesssssssssssessessessesssssssssssssessessessessesees

i




Table of Contents

Acronyms
bgs below ground surface
bls below land surface
DCE dichloroethene
degC degrees Celsius
DNA deoxyribonucleic acid
DNAPL dense non-aqueous phase liquid
DO dissolved oxygen
DPT direct push technology
DQO Data Quality Objectives
EAB enhanced anaerobic bioremediation
EPA U.S. Environmental Protection Agency
FFS Focused Feasibility Study
mg/L milligrams per liter
ORP oxidation reduction potential
ou1 Operable Unit 1
PCE tetrachloroethene
psi pounds per square inch
ROD Record of Decision
ROI radius of influence
Site Alcas Cutlery Corporation Facility Site
TCE trichloroethene
TOC total organic carbon
UWBZ upper water bearing zone
VC vinyl chloride
VFA volatile fatty acid

VOCs volatile organic compounds



Section 1

Introduction

This report presents the results of the enhanced anaerobic bioremediation (EAB) pilot study
completed to support evaluation and selection of in-situ treatment technologies "short listed" in Part I
of the Focused Feasibility Study (FFS) for the Alcas Cutlery Corporation Facility Site (Site) Olean,
Cattaraugus County, New York. Part I of the FFS includes a pilot test to evaluate EAB to treat
dissolved-phase trichloroethene (TCE) present at the Site. This introductory section provides an
overview of the project background, the report objectives, and the technology description.

1.1 Project and Regulatory Background

The U.S. Environmental Protection Agency (EPA) added the Olean Well Field to the National Priorities
List in September 1983 when TCE and other solvents were detected above drinking water standards
in the City of Olean municipal supply wells. Based on the results of the early studies and interim
actions, EPA issued the Record of Decision (ROD) for the First Operable Unit (OU1 ROD) in September
1985, which included installation of an air stripper to treat chlorinated solvents at well 18M, located
near the Site. Figure 1-1 illustrates the features of the Alcas property, including the estimated extent
of the TCE plumes. Previous investigations have determined that the governing source of the
chlorinated volatile organic compounds (VOCs) found in the Upper and City aquifers was from
residual dense non-aqueous phase liquid (DNAPL) located underneath the main building.

Part Il Phase 2 of the FFS for the Site includes the scope of work defined in the Pilot and Bench Study
Remedial Action Plan (CDM Smith 2011) to implement bench and pilot testing at the Site. This testing
is focused on obtaining targeted parameters to evaluate the technologies that were "short listed" in
the previously submitted Part I of the FFS. Technology selection will be detailed during the Part II
Phase 3 of the FFS effort, following completion of Phase 2 field characterization, bench testing, and
pilot testing activities.

Several previous investigations have identified and characterized the presence of chlorinated VOCs in
soil and groundwater at the Site, including an offsite area to the south. EAB with bioaugmentation is
being considered as a potential remedy for the TCE groundwater plume. The findings of this pilot
study will be used to assess the viability of EAB for larger-scale application and to compare it to other
alternatives.

Additional Site background information is presented in the final Pilot and Bench Study Remedial
Action Plan (CDM Smith 2011).

1.2 Objectives

The overall objectives of the pilot testing were to collect data to evaluate the efficacy of EAB to treat
the Site plume and to ensure whatever is done in the field at the Site will "do no harm" to the City
Aquifer or existing municipal well treatment system. Specific objectives of the pilot test were as
follows:
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1. Demonstrate whether bioremediation with bioaugmentation can successfully dechlorinate TCE to
non-hazardous byproducts, e.g., ethene.

2. Determine injection parameters needed for full-scale design, including amendment dosing rates,
and lag time before onset of efficient dechlorination.

3. Determine hydraulic parameters needed for a full-scale design, including target depth intervals,
feasible injection rates, and radius of influence through a single injection point.

4. Evaluate production and mitigation of secondary water quality factors, such as total organic
carbon (TOC), and dissolved metals (e.g., iron and manganese) to ensure no impacts to the 18M
municipal supply well.

1.3 Technology Description
1.3.1 EAB

During EAB, TCE will be completely transformed to innocuous products following the reductive
dechlorination pathway: TCE ->dichloroethene (DCE) - vinyl chloride (VC) > ethene (Freedman and
Gossett 1989). EAB is generally facilitated through the addition of fermentable carbon compounds
that serve as "electron donors" for subsurface bacteria that use the chloroethenes as "electron
acceptors.”" The hydrogen produced during fermentation reactions is the primary electron donor for
dechlorinating bacteria and drives EAB. This electron transfer process provides the bacteria with
energy for population growth and metabolic activity.

The two primary requirements for successful implementation of EAB are: 1) adequate spatial
distribution of the electron donor to achieve strongly reducing conditions, and 2) a microbial
community capable of complete reductive dechlorination of the chlorinated compounds. Meeting both
of these requirements is therefore the focus of this pilot study.

1.3.2 Electron Donors

Electron donors come in two basic types: aqueous and "slow-release." Aqueous electron donors are
generally miscible and of a viscosity similar to water, and are therefore relatively easy to distribute in
the subsurface, and are very quickly used by the microbial community. They have the disadvantage
that they typically last only a few months in the subsurface, and therefore have to be reinjected
periodically. Slow-release donors are typically high-viscosity liquids or solids that last much longer
than aqueous donors, but are more difficult to distribute in subsurface soils. At this Site, slow-release
donors are appropriate at least for the more permeable soils for a couple reasons. First, the shallow
depth of the target treatment zone (up to about 25 feet below land surface [bls]) and the
unconsolidated soils allow emplacement of a large amount of electron donor using a grid of direct-
push injection points. Second, the residential land use in the area makes it desirable to minimize the
number of injections. However, the less permeable Site soils will make distribution of viscous
compounds challenging. Therefore, the electron donor used for the pilot study will be a combination
of aqueous and slow-release donors, to maximize the longevity of the amendment, but take advantage
of better distribution and reduced lag time before onset of microbial activity.

Although a variety of electron donor compounds are available, their impact on groundwater
conditions will generally be quite similar. In almost all cases fermentation, hydrolysis, or a
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combination of both will transform the electron donor compounds into smaller, volatile fatty acid
(VFA) compounds such as acetate, propionate, and butyrate. The relative proportions of the VFAs will
depend on the donor and the indigenous microbial community. The VFAs are then transformed into
hydrogen, carbon dioxide, and hydrogen ions (protons). The hydrogen is utilized by a wide variety of
anaerobic microbes, including dechlorinators, methanogens, sulfate-reducers, etc. Metals that become
more soluble under reducing conditions, such as iron and manganese, are likely to increase in
concentration in the active treatment zone, but are typically precipitated within a short distance down
gradient as conditions become less reducing.

1.3.3 Redox Conditions

The most important aspect of groundwater chemistry with respect to the fate of chlorinated
hydrocarbons is the oxidation-reduction, or redox, conditions. Chlorinated hydrocarbons serve as
electron acceptors in microbially-mediated redox reactions during reductive dechlorination (including
EAB). Therefore, they have to compete with naturally occurring electron acceptors in groundwater.
The use of electron acceptors is generally governed by the available free energy from redox reactions.
In order of decreasing energy available, some common, naturally occurring electron acceptors are
oxygen, nitrate, iron-IlI, sulfate, and carbon dioxide. At a minimum, oxygen and nitrate must be
depleted for any reductive dechlorination to occur. Dechlorination of tetrachloroethene (PCE) and
TCE to DCE generally occurs under iron-reducing to sulfate-reducing conditions. Complete
dechlorination to ethene typically occurs under methanogenic conditions (carbon dioxide is the only
remaining naturally occurring electron acceptor.) Thus, understanding redox conditions (aerobic,
nitrate-reducing, iron-reducing, sulfate-reducing, or methanogenic) provides key insight into the
potential for reductive dechlorination to occur at a site. The more electron donor present, the more
reducing the conditions will be.

1.3.4 Bioaugmentation

EAB can be accomplished through either biostimulation or bioaugmentation. Biostimulation involves
only the addition of electron donors, and potentially nutrients such as nitrogen and phosphorous,
relying on indigenous microorganisms to carry out the desired reactions. Bioaugmentation on the
other hand is the introduction of non-indigenous microorganisms as well as electron donors into site
groundwater to provide a metabolic capability that either is not present in the native community, or
can be significantly enhanced. The dechlorinating bacteria, Dehalococcoides spp., have been found to
be very important for achieving complete dechlorination of PCE and TCE to ethene in groundwater
(Hendrickson et al. 2002). While these bacteria are fairly common, they are not present at every site,
and their absence can lead to the stall of dechlorination at DCE. Several studies have now been
performed to demonstrate that these bacteria can be added to an aquifer to facilitate complete
dechlorination (e.g., Ellis et al. 2000, Major et al. 2002, Lendvay et al. 2003). As these bacteria only
grow in the presence of chlorinated hydrocarbons, their long-term impact on the microbiological
community is negligible.

1.4 Data Quality Objectives

The EPA's Data Quality Objectives (DQO) process was used to help frame the "problem” to be
addressed by the EAB pilot study at the Site, and to define the associated data needs. This section
restates the DQOs developed in the work plan (CDM Smith 2011).
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1.4.1 Problem Statement

Historical operations at the Site have resulted in impacted soils and groundwater with TCE and other
chlorinated products. An EAB pilot study was completed at the Site for the purpose of determining its
potential viability for full-scale application for remediation of the plume.

1.4.2 Decision Questions

The decisions to be made based on the EAB pilot study pertain to the performance of the technology
as a whole. Specific decision questions include the following:

= Can electron donor be effectively distributed at the Site to affect the reducing conditions
necessary to support complete dechlorination?

=  Assuming a limited presence of indigenous microorganisms that have a capability for complete
dechlorination, can bioaugmentation be used to provide that capability?

* Does injection of electron donor within the upper water bearing zone (UWBZ) present any risk
of undesired effects within the City Aquifer?

=  Assuming complete dechlorination is achieved using EAB, will the selected electron donor
provide the most cost-effective treatment?

1.4.3 Inputs to the Decision

The data collected during the pilot study are considered inputs to the decision questions. The various
data required are grouped here into categories roughly corresponding to the most relevant questions:

= Electron donor distribution - electron donor concentrations (measured as TOC and VFAs),
biological activity indicators (measured as alkalinity and pH), and redox conditions (measured
as oxidation reduction potential [ORP], dissolved oxygen [DO], dissolved iron, sulfate, methane,
and TAL metals).

= Bioaugmentation effectiveness - chlorinated hydrocarbon and ethene trends over time
(measured as PCE, TCE, DCE, VC, and ethene); and growth and proliferation of Dehalococcoides
spp. bacteria over time (measured as increases in Dehalococcoides spp. DNA in groundwater
samples).

= Electron donor selection - raw electron donor cost; electron donor mass required,
distribution strategy, and longevity (based on electron donor distribution measurements over
time); and effectiveness for stimulating efficient reductive dechlorination (based on the same
measurements as bioaugmentation effectiveness).

1.4.4 Boundaries of the Study

In this context, the term "boundaries” refers both to spatial and temporal boundaries for the pilot
study. The pilot study was completed in an area south of the Alcas facility, in the vicinity of well RU-
10. The pilot study included three injection locations in the vicinity of newly installed well RU-21,
approximately 10 feet apart on centers. Vertically, all injections and monitoring wells targeted the
UWBZ (observed between 10 and 20 feet bls in the pilot study location). The pilot study duration
(including baseline sampling), was planned for a maximum of 6 months.
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1.4.5 Decision Rules

Decision rules identify the actions to be taken for a given answer to each of the questions in
Section 3.2. In some cases the decision rules are qualitative in nature due to the multiple lines of
evidence that must be considered to evaluate this technology.

= Ifthe electron donor tested cannot be effectively distributed at the Site, then an assessment of
additional alternatives would need to be made. This should be evident very early in the pilot
study and would prevent the use of EAB for full-scale remediation.

= Ifbioaugmentation does not facilitate complete dechlorination in the treatment zones, EAB
would be precluded from full-scale application.

= [fthe rates of biodegradation are not sufficient to meet cleanup objectives, EAB would be
precluded from full-scale application.

Once it is determined that electron donor can be distributed effectively and EAB achieves the desired
degradation, an electron donor (or some combination of electron donors) must be selected for full-
scale implementation. A decision regarding the most cost-effective electron donor will depend upon
the ease of distribution, the rate of biodegradation, the cost of the electron donor, the mass of electron
donor required, and the longevity of the electron donor in the subsurface. All of these factors will be
considered to develop cost estimates for a potential full-scale implementation approach.

1.4.6 Limits on Decision Errors

Limits on allowable errors for decision inputs ensure that data quality will be sufficient for the
intended purpose. Total study error consists of two types of decision errors: sampling design errors
and measurement errors. Because a judgmental sampling design is being followed in the pilot test,
statistically derived limits on sampling design error are not quantifiable.

The judgmental sampling approach is designed to limit the probability of sampling design errors by:

=  Collecting data from multiple lines of evidence (electron donor concentrations, biological
activity indicators, redox conditions, TCE and degradation products, and bacterial
deoxyribonucleic acid [DNA]) to ensure an internally consistent data set.

=  Collecting data at a sufficient frequency to demonstrate reproducibility of results.

* Locating monitoring wells so as to maximize the potential for influence by the electron donor
injections.

= Designing the pilot study based on successful pilot studies at other sites.

Measurement errors are limited by selecting appropriate analytical procedures, detection limits, and
quality control acceptance criteria (precision and accuracy). These parameters were presented in
Table 3-1 of the Bench and Pilot Study Work Plan (CDM Smith 2011).
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1.5 Report Organization

The report is organized in keeping with the objectives of assessing electron donor 