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EXECUTIVE SUMMARY

International Business Machines Corporation (IBM) has completed a remediation program of
enhanced groundwater extraction and clean water injection to cleanup a groundwater plume of
dissolved volatile organic compounds (VOCs) emanating from the central portion of the former
IRM Endicott Site located in the Village of Endicott, Broome County, New York (Site). The
enhanced groundwater extraction and clean water injection activities were performed as an Interim
Remedial Measure (IRM) in accordance with Appendix C, Operable Unit #3 (OU#3): Plume
Reduction in the Southern Area, and Appendix D, Miscellaneous Site Activity A (MA-A): Plume
Reduction in Off-Site Capture Zone A, of Order on Consent Index #A7-0502-0104 (Order or AOC),
Site #704014 between the New York State Department of Environmental Conservation (NYSDEC)
and IBM, executed on August 4, 2004.

Efforts to contain and reduce the off-Site VOC plume in the areas of OU#3 and Off-Site Capture
Zone A (OSCZ-A or MA-A) began in the early 1980s in the form of groundwater extraction and
treatment. The OU#3/MA-A plume reduction IRM activities were performed over the past thirteen

years in an effort to achieve the following goals:

1. Attaining groundwater standards (NYSGQSs) to the extent practicable; and

2. Reducing the footprint and concentrations of the plume of VOCs south of North Street,
in particular for TCE.

To accomplish these goals, it was necessary to continue to hydraulically control on-Site sources of
groundwater contamination north of North Street; to eliminate, to the extent practicable,
groundwater chemical flux crossing North Street; and to accelerate the rate of off-Site plume
reduction south of North Street via enhanced groundwater extraction and clean water injection. The
specific milestones for the plume reduction effort were to reduce the mass of TCE dissolved in

groundwater within OSCZ-A and the Southern Area by 50% in five years and by 80% in ten years.

The sequencing of the IRM activities were completed in a phased approach to allow: expedited
capture of the mass flux crossing North Street; dewatering of the OSCZ-A and Southern Area
portions of the plume; and flushing with clean water in an effort to displace the remaining VOC
presence and place clean water in contact with Upper Aquifer soils. From the startup of the

enhanced plume reduction IRM in July 2004 through September 2017, the remedial systems
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employed for the OU#3/MA-A plume reduction IRM extracted and treated about 2.6 billion gallons
of contaminated groundwater from the Upper Aquifer. From late November 2008 through

September 2017, about 1.8 billion gallons of clean water were injected into the Upper Aquifer.

The OU#3/MA-A plume reduction IRM activities have been successful in achieving the goals of
attaining groundwater standards and reducing the footprint of the off-Site VOC plume area.
Reduction of the TCE concentration to below the NYSGQS of 5 pg/L and elimination of the off-
Site TCE plume footprint has substantially been attained for the OU#3/MA-A plume area since
2014. NYSGQSs for other principal constituents of the plume were substantially attained for the
OU#3/MA-A plume area in 2012 or earlier. The footprint of the OU#3/MA-A plume area beyond
the area used for control of groundwater chemical flux crossing North Street has been virtually

eliminated.

The IRM milestone goals of reducing the mass of TCE in groundwater within OU#3/MA-A by 50%
in five years and by 80% in ten years were achieved ahead of schedule. The 50% milestone was
achieved in two years and the 80% milestone was achieved in eight years. Continued
implementation of the OU#3/MA-A plume area IRM resulted in further improvements for about
two years, but monitoring results over the past three years support the conclusion that the
OU#3/MA-A plume reduction IRM is complete and further operations will not provide a
meaningful benefit to maintaining attainment of the plume reduction goals. Multiple lines of

evidence that support that conclusion include:

1. Percent reductions of the TCE mass dissolved in groundwater and the percent reductions
in average TCE concentrations over the past three years have ranged between 98% and
99%. The trends in these percent reductions have become asymptotic.

2. A comparative analysis of TCE concentrations in groundwater and deep vadose zone
soil vapor indicates the IRM activities over the past three to four years have had a
minimal effect in further reducing TCE vapor phase mass in the vadose zone and in
further reducing vapor intrusion potential.

3. The mass removal rates for TCE and the other principal plume constituents are in the
fractions of pounds per month with asymptotic declining trends over the past few years.

4. An analysis of IRM operations and monitoring data indicates that over the past three
years the majority of the TCE mass withdrawn by groundwater extraction wells is
sourced by TCE dissolved in pore water recharge from the vadose zone at a rate of about
2 pounds per year. The rate of this limited mass flux from the vadose zone has become
asymptotic and is expected to decline slowly as TCE mass stored in the vadose zone
dissipates passively via natural processes.
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5. Results of soil profiling indicate the remaining VOC mass in soil is not expected to be a
concern to groundwater as none of the soil samples collected in January 2017 exhibited
detections of TCE or other plume constituents above applicable soil-to-groundwater
cleanup standards.

Recommended post-IRM operations that are believed to be necessary to maintain the achievement

of the OU#3/MA-A plume reduction IRM goals include:

e Continued operation of groundwater extraction wells in the railroad corridor source area
to control sources of groundwater contamination north of North Street.

e Continued operation of groundwater extraction well EN-284P to maintain control of
VOC mass flux crossing North Street that originates in the western, central, and eastern
portions of the OU#2: North Street Area.

e Continued operation of groundwater extraction well EN-491T, as necessary, to
supplement extraction well EN-284P in maintaining control of VOC mass flux crossing
North Street that originates in the eastern portion of the OU#2: North Street Area.

e Continued groundwater monitoring in accordance with the NYSDEC-approved
Groundwater Monitoring Plan (GMP), with reporting of the monitoring results in
semiannual and annual reports.

e Continued soil vapor monitoring in accordance with the NYSDEC-approved Soil Vapor
Monitoring Plan, with reporting of the monitoring results in annual reports.
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1 INTRODUCTION

This Operable Unit #3 (OU#3) and Miscellaneous Activity A (MA-A) Interim Remedial Measures
Final Report (IRM Final Report) has been prepared by Groundwater Sciences Corporation (GSC)
and Groundwater Sciences, P.C. (GSPC) at the request of the International Business Machines
Corporation (IBM). The report has been prepared pursuant to and in accordance with Appendix C,
Operable Unit #3 (OU#3): Plume Reduction in the Southern Area, and Appendix D, Miscellaneous
Site Activity A: Plume Reduction in Off-Site Capture Zone A, of Order on Consent Index #A7-
0502-0104 (Order or AOC), Site #704014 (Site) between the New York State Department of
Environmental Conservation (NYSDEC) and IBM, executed on August 4, 2004.

A plume of dissolved volatile organic compounds (VOCs) emanating for the central portion of the
Site was discovered in the early 1980s. Efforts to contain and reduce this off-Site VOC plume in
the areas of OU#3 and Off-Site Capture Zone A (OSCZ-A or MA-A) began in the early 1980s in
the form of groundwater extraction and treatment. Interim remedial measures implemented in
OU#3 and MA-A (hereinafter referred to as OU#3/MA-A) over the past thirteen years have
consisted of enhanced groundwater extraction and clean water injection for the purpose of

accelerating the rate of groundwater cleanup.

1.1 Purpose of the Report

This IRM Final Report is being submitted to the Agencies (NYSDEC and the New York State
Department of Health (NYSDOH)) to:

1. Provide a summary of the technical considerations that were evaluated during design of
the IRM strategy to accelerate the OU#3/MA-A plume reduction.

2. Describe the scope and sequencing of the OU#3/MA-A plume reduction IRM activities.

3. Present the plume reduction IRM results and document the achievement of the
OU#3/MA-A plume reduction IRM goals.

4. Review the plume reduction metrics that support the conclusion that the OU#3/MA-A
plume reduction IRM is complete and certain remedial measures are no longer required.

5. Provide recommendations for post-IRM remedial operations that are believed to be
necessary to maintain to the extent practicable the achievement of the OU#3/MA-A
plume reduction IRM goals.
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1.2 Organization of the Report

The remainder of this IRM Final Report is organized into six additional sections. Section 2
describes pertinent background information for OU#3/MA-A, including: a description of the
physical setting of the Site, a brief summary of the OU#3/MA-A hydrogeology, a summary of the
Supplemental Groundwater Assessment investigation that set forth the goals of the OU#3/MA-A
IRM, and a chronology of OU#3/MA-A IRM activities/milestones. Section 3 reviews the technical
considerations that supported the development of the OU#3/MA-A plume reduction IRM strategy.
Section 4 describes the scope and sequencing of the enhanced plume reduction measures. Section 5
presents the plume reduction IRM results and reviews the plume reduction metrics that support the
conclusion that the IRM is complete. Section 6 provides a summary of findings, conclusions and
recommendations for post-IRM remedial operations that are believed to be necessary to maintain

the achievement of the OU#3/MA-A plume reduction IRM goals. Section 7 lists references.
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2 BACKGROUND

This section provides a description of the physical setting of the Site and the OU#3/MA-A plume
area, a brief summary of the OU#3/MA-A hydrogeology, a summary of the Supplemental
Groundwater Assessment (SGA) investigation report (GSC, May 17, 2004) that set forth the goals
of the OU#3/MA-A IRM, and a chronology of OU#3/MA-A IRM activities/milestones.

2.1 Site Location and Area Designations

The former IBM Endicott Site is a 135-arce industrial facility situated in the Susquehanna River
valley in the Village of Endicott, Broome County, New York. A topographic map showing the
location of the former IBM Endicott Site is provided as Figure 2-1. The properties that comprise
the Site were conveyed by IBM to Huron Real Estate LLC (Huron) in 2002. All of these properties
are located either in the Village of Endicott or the adjacent portion of the Town of Union, Broome
County, New York. A map showing on-Site and off-Site area designations as defined in the Order
is provided as Figure 2-2. As shown on the map, the areas defined in the Order include the

following:

e Operable Unit #1: Railroad Corridor Source Area — north-central portion of the Site;
e Operable Unit #2: North Street Area — south-central portion of the Site;

e Operable Unit #3: Plume Reduction in the Southern Area — southern portion of the Off-
Site plume area originating in the central portion of the Site;

e Operable Unit #4: Ideal Cleaners Area — southeastern portion of the Site along with an
Off-Site plume area that extends to the south;

e Operable Unit #5: Building 57 Area — northeastern portion of the Site;

e Operable Unit #6: Plume Control in Bedrock Groundwater — bedrock groundwater
beneath the central portion of the Site and adjacent off-Site areas to the south;

e Operable Unit #7: Assessment of Sewers in Northwestern Area of the Site —
northwestern portion of the Site;

e Miscellaneous Activity A: Plume Reduction in Off-Site Capture Zone A — northern
portion of the Off-Site plume area originating in the central portion of the Site; and

e Remainder of Site — portions of the Site outside of the above-listed operable units.

The OU#3 and MA-A areas that have been the focus of the plume reduction IRM activities were
originally defined in the Order based on Upper Aquifer groundwater flow divides as they existed in

August 2003. The flow divides separated three zones of groundwater extraction well capture
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(designated as On-Site Capture Zone, Off-Site Capture Zone A (OSCZ-A), and Off-Site Capture
Zone B (OSCZ-B)) from an area to the south, outside of the apparent limits of extraction well
capture, designated as the Southern Area. The groundwater flow divides that separate these four
areas are shown on Figure 2-2. These divides and their associated areas were originally identified
in the SGA report published by GSC as a draft on December 31, 2003 and as a final report on May
17,2004 (SGA Final Report).

2.2 OU#3/MA-A Hydrogeology

According to regional hydrogeologic mapping in the Susquehanna River Valley, the Site and
surrounding region is underlain by a complex assemblage of post-glacial and glacial unconsolidated
sediments overlying a buried bedrock valley. A detailed discussion of the geology and deglacial
history of the Endicott area is presented in the SGA Report, but a summary of pertinent information

related to the OU#3/MA-A area is specified below.

The overburden geologic strata overlying bedrock in the OU#3/MA-A plume area includes a
complex downward sequence of: soil fill; outwash sand & gravel; lacustrine silt & clay; ice contact
sand and gravel; and glacial till. Descriptions of each of these strata from the surface downward are

provided below:

1. Soil Fill: Soil fill is present throughout the OU#3/MA-A area. The soil fill consists
primarily of reworked outwash sand & gravel deposits with lesser amounts of organic
silt and variable amounts of miscellaneous fill materials, such as brick, concrete, wood,
etc...

2. Glaciofluvial outwash sand & gravel: Typically 25 to 30 feet thick but thicker where
downwarped or collapsed in a few ice-block depressions. To the extent that it is
saturated (i.e., below the water table) this outwash unit constitutes the Upper Aquifer,
which is an unconfined, water table aquifer. This is the water-transmitting unit within
which the OU#3/MA-A plume area occurs.

3. Glaciolacustrine silt & clay: Fine-grained lake-bottom deposits, typically varved silt
with pink clay seams, but locally grading to silty fine sand. The top of this unit generally
defines the bottom of the Upper Aquifer. Where the lacustrine deposits are absent, the
bottom of the Upper Aquifer rests on glacial till or on coarse-textured ice contact
deposits that comprise the Lower Aquifer (where they are not silt-bound). Where the
lacustrine deposits are present, they form an effective aquitard between the overlying
Upper Aquifer and the underlying Lower Aquifer (where the latter is present).

4. lce contact sand & gravel deposits: Stratified drift deposited by sub-glacial meltwater in
tunnels or crevasses. This stratified drift, when present and of proper texture and sorting,
makes up the Lower Aquifer. Based on results of drilling within the Site and areas to the
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south, the ice contact deposits such as those comprising the Lower Aquifer are not
present as a continuous layer in the area north of Broad Street in the west, and East Main
Street in the east, although such materials may be present in isolated pockets.

5. Glacial till: Dense, poorly sorted mixtures of clay, silt, sand and angular rock fragments
deposited directly by glacial ice. While till is the lowest unit in this overall section, it is
not always present. Therefore it is not always the “basal” unit in contact with bedrock.

2.3 Supplemental Groundwater Assessment

In late 2002, the NYSDEC requested that an investigation be completed to assess the feasibility of
accelerating the off-Site groundwater cleanup to eliminate or substantially reduce VOCs in
groundwater as a potential source of off-Site vapor intrusion potential. To this end, a Supplemental
Groundwater Assessment (SGA) Work Plan was prepared and submitted to the NYSDEC on March
26, 2003. This work plan called for the performance of five tasks to address the measures that

might be taken to accelerate, if feasible, the rate of groundwater cleanup in the assessment area.

Work performed as part of the SGA included: acquisition of aerial photography and topographic
mapping for the Site and off-Site plume area; identification of groundwater users; surveying of
existing well locations and elevations; installation, testing, sampling, and surveying of 55 additional
monitoring and test wells at 42 locations; performance of extraction well shutdown tests and aquifer
pumping tests; groundwater level and water quality monitoring; extensive analysis and
interpretation of the geology, hydrogeology and groundwater chemistry of the Site and off-Site
groundwater plume area; and screening and evaluation of available corrective measure technologies
to determine those that would be applicable to the acceleration of groundwater cleanup at the Site
and in the off-Site groundwater plume area. Results of the SGA were summarized in a May 17,

2004 report (SGA Final Report).

The SGA Final Report identified two principal goals of the enhanced corrective action program.
The first corresponded to the overall goal of attaining groundwater standards to the extent
practicable. The second was to reduce the footprint and concentrations of the plume of VOCs south
of North Street, in particular for TCE. To accomplish these goals, the SGA Report indicated it
would be necessary to continue to control sources of groundwater contamination north of North
Street; to eliminate, to the extent practicable, groundwater chemical flux crossing North Street; and

to then accelerate the rate of plume reduction south of North Street. The specific milestones for the
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plume reduction effort as stated in the SGA Report were to reduce the mass of TCE in groundwater

within OSCZ-A and the Southern Area by 50% in five years and by 80% in ten years.

2.4 Chronology of OU#3/MA-A IRM Activities/Milestones

The draft of the SGA Report dated December 31, 2003 contained recommendations for the
installation and operation of new groundwater extraction wells and clean water injection wells to
accelerate plume reduction in OSCZ-A and the Southern Area. Therefore, prior to the publication of
the Final SGA Report in May 2004, a work plan was prepared to implement the first phase of these
interim corrective measures which included the installation of three new extraction wells in OSCZ-
A (GSC, March 18, 2004). The implementation of this work plan began in the second quarter of
2004 prior to the effective date of the Order and continued pursuant to the Order beginning in
August 2004. Start-up of the first new well operating under this plan occurred at the beginning of
July 2004. Therefore, the start date for the inception of enhanced plume reduction measures that are
the subject of this report is July 1, 2004. For this reason the TCE baseline conditions against which
progress is measured in this report are represented by concentrations in plumes south of North
Street as reflected in sampling conducted in the first half of 2004. Figure 2-3 shows the extent of
the TCE plume IBM prior to the start of OU#3/MA-A plume reduction IRM activities. As shown,
this plume area is contained primarily within OSCZ-A and the Southern Area, together with a

smaller contiguous plume area within the western portion of OSCZ-B.

Following the performance of extensive additional supplemental remedial investigations (SRIs) in
the Southern Area (termed OU#3 in the Order), an IRM work plan for installation, testing and
operation of new extraction and injection wells was prepared to address plume reduction in the
Southern Area (GSC, June 10, 2005). Installation of these additional wells and the associated
infrastructure was completed by the second quarter of 2006 with startup of the new extraction wells

occurring in May 2006.

Following the startup and operation of the new extraction wells in the Southern Area (OU#3) and
OSCZ-A (MA-A), the boundary between these two areas, which corresponded to a groundwater
divide as it existed in August 2003, shifted progressively farther south and it no longer provided a
relevant basis for separating activities in these two areas. Therefore, in December 2006 an IRM
work plan modification was published (GSC, December 18, 2006) that recast the separate IRM
activities in OU#3 and MA-A into a combined OU#3/MA-A IRM. A map showing the
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approximate limits of the OU#3/MA-A Off-Site plume area (in gray) relative to the Site (in green)
is provided as Figure 2-4. The Off-Site plume area depicted in gray on Figure 2-4 is 86.4 acres,
while the total OU#3/MA-A plume area (including portions of the “Remainder of Site”, located

south of North Street) is greater than 100 acres.

On February 25, 2011, IBM submitted an IRM Progress Report that described IBM’s plume
reduction activities initiated in July 2004, the remedial progress achieved after about six years of
enhanced groundwater extraction and one to two years of clean water injection, and
recommendations for the next steps in the IRM implementation. The progress report documented
substantial reductions in the average concentration and lateral extent of the VOC plumes had
occurred in the first six years of the IRM. The report also documented that the first milestone
cleanup goal of reducing the dissolved TCE mass by 50% had been achieved and that substantial
progress had been made towards the ten-year goal of reducing the dissolved TCE mass by 80%. In
a letter dated July 16, 2012, the agencies concurred with IBM’s assessment of the remedial progress

and IBM’s recommendations for the next steps of IRM implementation.

Results of groundwater monitoring in August 2012, indicated the second milestone cleanup goal of
reducing the dissolved TCE mass by 80% had been achieved within eight years rather than the
projected timeframe of ten years. The most encouraging aspect of the August 2012 monitoring
results was the achievement of an 80% reduction in the average TCE concentration in the

OU#3/MA-A off-Site plume area as well.

In March 2015, the NYSDEC, in consultation with the NYSDOH, issued a Record of Decision
(ROD) with a remedy for the OU#3 and the OSCZ-A (MA-A) off-Site area. The ROD prescribed
“No Further Action” as the remedy, contingent on the continued operation of enhanced groundwater
extraction and clean water injection until such time that the NYSDEC determines that those

remedial measures are no longer necessary.
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3 ENHANCED PLUME REDUCTION CONSIDERATIONS

The design of an effective plume reduction strategy requires an understanding of the fate and
transport mechanisms affecting the nature and extent of the plume constituents, the timing of initial
plume development, and the hydrogeologic conditions and aquifer properties influencing plume
development and plume stability. This section provides a description of the technical
considerations that were evaluated during IRM design and the early stages of IRM implementation,
followed by a description of the technical approach that was applied to enhance and accelerate the

OU#3/MA-A plume reduction corrective measures that were initiated in the early 1980s.

3.1 Review of Fate & Transport Mechanisms

Plate 3-1 provides graphics reviewed and/or generated as part of the analysis of fate and transport
mechanisms affecting plume reduction. Plate 3-1.1 consists of a tabular overview of the fate and
transport mechanisms deemed pertinent in the OU#3/MA-A off-Site plume area. A review of the

three major fate and transport processes is provided in the following subsections.

3.1.1 Aqueous Transport Processes

As shown on the Plate 3-1.1 table, aqueous transport processes in the vadose zone consist of
vertical downward infiltration of precipitation and vertical downward unsaturated flow of
gravitational water. In the deep portion of the vadose zone developed due to dewatering by
groundwater extraction, aqueous transport processes include vertical downward draining and
recharge at the water table. In the saturated zone aqueous transport processes include lateral
advection (groundwater flow), aqueous diffusion into Upper Aquifer saturated soil particles, vertical
downward advection into the underlying lacustrine silt aquitard, and vertical upward aqueous
diffusion from the silt to the base of the Upper Aquifer saturated soils. The aqueous diffusion
processes are reversible as they are driven by the chemical gradient between the VOC groundwater
concentration surrounding the soil particles and the VOC pore water concentration in the soil

particles.

The overall effects of these aqueous transport processes were to retard the early plume development
by aqueous diffusion when chemical gradients between the plume and the Upper Aquifer soil pore
water were at their greatest. These processes resulted in the accumulation of mass in the Upper

Aquifer soils and the underlying lacustrine silt soils. The lowering of the off-Site VOC mass flux

IRM Final Report for OU#3 and MA-A November 10, 2017

GROUNDWATER SCIENCES CORPORATION
GROUNDWATER SCIENCES, P.C.



by on-Site corrective measures and the lowering of the VOC plume concentrations by off-Site
groundwater extraction would have lowered the chemical gradients between the groundwater and
soil pore water, decreasing the rate of mass accumulation in the soil. Over time these processes

likely resulted in similar concentrations between the groundwater and soil pore water.

3.1.2 Vapor Transport Processes

Vapor transport processes are restricted to the vadose zone and include: volatilization from the
water table; upward vertical vapor diffusion; advective loss of vapor to ventilation systems (where
present); and diffusive loss of vapor to the atmosphere. As depicted in the Plate 3-1.2 graphic, the
volatilization occurs at the top of the Capillary or Tension-Saturation Zone, also referred to as the
Capillary Fringe. Vapor diffusion is the predominant transport mechanism in the majority of the
vadose zone, with transport due to advective losses to ventilation systems restricted to near building

foundation level soils and diffusive losses to the atmosphere restricted to near surface soils.

The overall effects of these vapor transport processes were to retard the early plume development
by volatilization and vapor diffusion at the water table and to accumulate mass in vadose zone soils.
The rate of these vapor transport processes would have been highest during initial plume
development when chemical gradients would have been highest. Over time these processes likely

resulted in near equilibrium concentrations between the soil vapor and soil pore water.

3.1.3 Fate Processes

Fate processes in the saturated zone include chemical transformation from VOC parent compounds
to daughter (breakdown) compounds, sorption onto organic carbon particles, sorption-retarded
intragranular (within the soil particle) diffusion. Fate processes in the vadose zone include chemical
transformation from VOC parent compounds to daughter (breakdown) compounds via aerobic
degradation, partitioning from soil vapor to soil pore water, and the two sorption related processes
identified for the saturated zone. The partitioning from soil vapor to soil pore water and the

sorption related processes are reversible as they are driven by a chemical gradient.

The overall effects of these fate processes were to retard the early plume development by
sorption/diffusion processes and then subsequently reduce the rate of plume cleanup due to the slow

rate of the natural reversal of those same sorption/diffusion processes. Degradation of VOC plume
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constituents in the off-Site plume area is likely limited to the abiotic transformation of TCA to 1,1-
DCE. Degradation of other VOC constituents via reductive dechlorination is inferred to have a
minimal or negligible effect on VOC speciation and concentrations due to the oxidizing conditions

in much of the Upper Aquifer in the off-Site plume area.

3.2 Initial VOC Plume Development

Historical releases of solvents, most notably TCE, TCA, and PCE, occurred at the Site prior to the
discovery of VOCs in the subsurface in 1979. Results of over three decades of Site investigations
and correction action suggest that the majority of the solvent releases occurred in the railroad
corridor area in the central portion of the Site. The railroad corridor area corresponds to historical
load/unload areas and bulk tank farm areas proximate to former EJ and IBM manufacturing
buildings (GSC, August 28, 2009). Solvent releases in these areas that extended to the water table
would have resulted in development of VOC plumes that extended off-Site in a southerly direction

across North Street.

Sampling and analysis of solvent recovered from the railroad corridor source area in the central
portion of the Site indicates nearly 30 times more TCA solvent than TCE solvent. A review of
historical Site operations indicates TCE usage was more prevalent at the Site in the 1950s and
1960s, whereas TCA usage was more prevalent in the 1970s (GSC, August 28, 2009). Based on the
relative timing of the solvent usage at the Site, the initial off-Site plume development was likely to
consist of TCE and possibly lesser fractions of PCE and the TCE breakdown product of cis-1,2-
dichloroethene, followed in later years by TCA and its breakdown products, 1,1-dichloroethane and
1,1-dichloroethene. Given this relative timing, the TCE and to a lesser extent PCE, would have had
a much longer time for diffusion into aquifer solids as compared to TCA. The early presence of
TCE would also have likely resulted in it adsorbing onto the majority of the preferential sorption
sites in the aquifer solids. As we will see later, this affected the rate of cleanup of the different

constituents that were part of the off-Site VOC presence in groundwater.

The initial development of the off-Site VOC plumes was influenced by variations in the hydraulic
properties of the Upper Aquifer soils and the surface topography of the underlying lacustrine silt
unit. Maps depicting hydrogeologic conditions that are inferred to have affected initial VOC plume
development are shown on Plate 3-2. The plate includes a contour map of the lacustrine silt surface

(Plate 3-2.1) and a November 2, 2003 groundwater elevation contour map of the Upper Aquifer
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(Plate 3-2.2). The approximate limits of the OU#3/MA-A off-Site TCE plume area prior to the
plume reduction IRM activities (1* half of 2004) are depicted on both maps by gray shading. As
shown on Plate 3-2.1, six prominent features in the surface of the lacustrine silt unit have been
identified within or near the former off-Site plume area. These lacustrine silt surface features
include two ice-block depressions’, three troughs, and one large mound or ridge. The locations of

critical ice-block depressions and troughs are described below:

e Ice-block depression A — Located in the area beneath the eastern portion of Building 14
and the southern portion of Building 18.

e Ice-block depression B - Located about 50 to 400 feet south of North Street in the area
between Grant Avenue and Garfield Avenue.

e Trough A — Located in the central portion of the off-Site plume area, extending a
distance of nearly 2,000 feet, from the intersection of Garfield Avenue and Monroe
Street in an east-southeastern direction to the intersection of Adams Avenue and Tracy
Street.

e Trough B — Located near the western limits of the former off-Site plume area, extending
in a westerly direction from near the intersection of Washington Avenue and Monroe
Street towards the intersection of North Street and Cleveland Avenue.

e Trough C — Located near the Susquehanna River, south of the McKinley Avenue
interchange, near the southwestern limits of the former off-Site plume area, extending
southwesterly from the area of McKinley Avenue and Tracy Street towards the Union-
Endicott High School ballfields.

Each of these low areas in the top of silt surface contain greater thicknesses of outwash sand and
gravel resulting in greater Upper Aquifer saturated thickness than the areas surrounding these
depressions. The greater saturated thickness and available drawdown in the area of the two ice-
block depressions and Trough A allowed them to be used as strategic extraction well pumping

locations.

Plate 3-2.2 depicts Upper Aquifer groundwater elevation contours, apparent groundwater flow

divides, and apparent groundwater flow directions based on water levels recorded during a

! An ice-block depression or “kettle hole” forms when a block of ice is buried by glaciolacustrine and/or glaciofluvial
outwash deposits. When the ice melts it causes the overlying glacial deposits to collapse or slump, forming a depression
in the surface of the lacustrine and/or outwash soils. Depending on the timing of the melting of the ice block, these
depressions can be filled in with outwash deposits.
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November 2, 2003 shutdown test of off-Site extraction wells. The on-Site groundwater extraction
wells continued operating during the shutdown test so the large flow divide shown on Plate 3-2.2
that crosses through Building 18, Building 41, and the Old Group Buildings would not have been
present at the time of the solvent releases and initial plume development. However, the contours,
flow directions, and flow divides for the off-Site plume area are inferred to be similar to the “static”
non-pumping conditions that existed in the Upper Aquifer at the time of the initial plume
development. A groundwater flow divide in the area of Broad Street results in directing
groundwater flow in the former off-Site plume area to the west or to the southeast. As shown on
Plate 3-2.1, this flow divide corresponds with the location of a large mound or ridge in the
lacustrine silt unit surface. The groundwater elevation contours and flow directions on Plate 3-2.2
indicate converging groundwater flow towards the lacustrine silt surface trough features suggesting

they serve as areas of greater relative transmissivity.

A review of both maps on Plate 3-2 allows for the following inferences regarding the initial

development of the off-Site plume:

e Upper Aquifer VOC plumes originating in the western and central portions of OUs #1
and #2 (near Building 18, Building 41, and the western limits of the Old Group
Buildings) flowed off-Site in a southwesterly direction across North Street and then in a
westerly direction towards Upper Aquifer soils within lacustrine silt surface Trough B.

e Upper Aquifer VOC plumes originating in the eastern portions of OUs #1 and #2 (near
the majority of the Old Group Buildings) flowed off-Site in a southwesterly direction
across North Street towards Upper Aquifer soil within lacustrine silt surface Trough A,
and then southeasterly towards the Susquehanna River. Some of the Upper Aquifer
groundwater flow exiting the area of Trough A was directed to the southwest towards
Trough C, rather than directly towards the river.

e The Upper Aquifer VOC plumes were attenuated in the area of the lacustrine silt surface
troughs due to: 1) converging groundwater flow that allowed for greater dilution; and 2)
greater saturated thickness of Upper Aquifer soils that allowed for greater diffusion into
soil particles and greater sorption onto organic carbon particles.

e The VOC plumes did not extend southwesterly into the area of Broad Street due to the
presence of the large lacustrine silt surface mound.

3.3 Effects of Corrective Action on the Off-Site TCE Plume

The nature and extent of the former off-Site VOC plumes were affected by the scope and the timing
of source removal, source containment/reduction, and plume reduction efforts initiated upon the

discovery of subsurface VOCs in late 1979. Of the various VOCs detected in the early 1980s, TCE
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was the most prevalent VOC in the off-Site plume area. Plate 3-3 provides graphs depicting time
versus TCE concentrations for certain Upper Aquifer monitoring wells to depict temporal trends in
TCE concentrations for the time period of 1980 through the first half of 2004. An Upper Aquifer
groundwater elevation contour map for June 4, 2004 along with an overlay of the approximate

limits of the OU#3/MA-A off-Site plume area is provided on Plate 3-3 for reference.

Initial source reduction and control efforts in the central railroad corridor portion of the Site had an
immediate effect in reducing the mass flux of dissolved TCE and other plume constituents crossing
North Street. As shown on Plate 3-3, the most noticeable effect of these initial corrective action
efforts is shown in the trend of TCE concentrations between 1980 and 1982 for well EN-077. Less
prominent but similar declining trends in TCE concentrations were observed during this time period
at well locations EN-092, EN-093, and EN-094. The startup of off-Site groundwater extraction and
treatment in the early- to mid-1980s through the first half of 2004 resulted in further reductions in
TCE concentrations. As shown on Plate 3-3, the greatest reductions were observed at well EN-094,
located near extraction well EN-133. Overall, the nearly twenty-five years of on-Site and off-Site
corrective action activities reduced TCE concentrations by greater than 50% at the off-Site plume
monitoring well locations. However, results of groundwater monitoring during the first half of
2004 in the central portions of the off-Site plume indicated TCE concentrations were still 10 to 40
times greater than the New York State Groundwater Quality Standard for TCE of 5 micrograms per
liter (ug/L).

3.4 Site-Specific Testing and Modeling

During the early stages of IRM implementation a disparity between the reductions in dissolved
concentrations of TCE compared to other plume constituents was identified along with the
observation that the mass of TCE removed by combined IRM extraction wells was on the order of
four to five times the mass of TCE calculated to be dissolved in groundwater within the plume in
June 2004. Both of these observations suggested that the sorption coefficient for TCE in this
aquifer, which determines the relationship between mass dissolved in groundwater and mass sorbed
to aquifer solids, was much higher than the values published by the United States Environmental
Protection Agency (EPA) and NYSDEC. Based on these observations, Site-specific sorption

coefficient experiments and spherical diffusion modeling were performed to better understand the
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potential effects of sorption and diffusion on the performance and timing of plume reduction IRM

activities.

3.4.1 Site-Specific Sorption Coefficient Experiments

Site-specific sorption experiments to determine the site-specific sorption coefficient (K,.) for TCE
in various geologic materials at this Site were performed by researchers at the University of Buffalo
led by Richelle Allen-King, Ph.D. The results of these experiments are presented in the report
titled, Phase 2 Site-Specific Sediment Sorption Measurements at Variable Trichloroethene (TCE)
Aqueous Concentrations, dated November 2010, which is reproduced herein as Appendix A. The

most important conclusion of this report as stated on page 10 is as follows:

“The estimated Koc cw are more than 400 times, 100 times, and 50 times greater than
the reference TCE Koc of 94 L/kg reported by EPA (26) for the silt, sand & gravel,
and sand samples respectively. The TCE Koccw observed at low concentration for
the silt samples are some of the largest values reported for natural materials.”

This conclusion explains the higher mass removal rate per unit drop in groundwater concentration
than would be expected based on the published value for the sorption coefficient, as was observed at
this Site in the early stages of the IRM implementation. These results also indicate that TCE mass
adsorbed to aquifer solids at the beginning of IRM implementation constituted a significant ongoing

secondary source of TCE dissolved in groundwater within the plume.

3.4.2 Spherical Diffusion Modeling

Spherical diffusion modeling was performed for different particle grain sizes to assist in evaluating
the effects of reverse diffusion of TCE mass from soil particles on possible groundwater cleanup
timeframes. The modeling was performed by Stanley Feenstra, Ph.D. of Applied Groundwater
Research, Ltd., located in Mississauga, Ontario, Canada. The spherical grain sizes evaluated in the
model included 1.2 mm (medium sand size), 5 mm (near boundary between coarse sand size and
fine gravel size), 10 mm (fine gravel size), and 25 mm (coarse gravel size). The modeling used the
empirically-derived Site-specific sorption coefficients and Site-specific fraction of organic carbon
(foc) data from the University of Buffalo sorption experiments. The modeling assumed a TCE soil

pore water concentration of 100 pg/L, and a groundwater concentration of 0 pg/L.
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Average grain-size distribution curves for Upper Aquifer soils collected in the northern (EN-438),
central (EN-215), and southern (EN-401) portions of the off-Site plume area are shown on Plate 3-
1.3. As shown by the average grain-size distribution curves the Upper Aquifer soils have typically
less than 25 % silt, roughly 40 to 70% sand, and about 10 to 50% gravel, with coarser soils typically
in the southern portion of the off-Site plume area. The four spherical grain sizes that were used for
the modeling are also depicted on the grain-size curve for comparison. The actual sizes of the four

grain sizes are also depicted beneath the grain-size distribution curves.

Results of the diffusion modeling are shown on the graph provided as Plate 3-1.4. The graph
depicts the percentage of mass exchanged over time for the four different grain sizes. As shown on
the graph, the estimated timeframes to exchange all of the TCE mass from the various sized

particles is as follows:

¢ 1.2 mm (medium sand size) — less than three months

e 5 mm (near boundary between coarse sand size and fine gravel size) — less than three
years

¢ 10 mm (fine gravel size) — more than 10 years

e 25 mm (coarse gravel size) — about 80 years

Assuming the groundwater surrounding the Upper Aquifer soil particles is clean, a comparison of
the average grain size distribution data with the modeling results suggests that it would take a

minimum of three years to remove about 50 to 75 percent of the TCE mass from the aquifer solids.

3.5 Enhanced Plume Reduction Strategy

As described in the SGA Final Report, the recommended strategy to further reduce the VOC
presence in the OU#3/MA-A off-Site plume area consisted of the following three elements:

1. Continued control of sources of groundwater contamination north of North Street;

2. FElimination, to the extent practicable, of groundwater chemical flux crossing North
Street; and

3. Acceleration of the rate of plume reduction south of North Street.

The first element was achieved by continued operation of the groundwater extraction wells in the
OU#I railroad corridor source area. The second element was achieved by continued operation of

OU#2 groundwater extraction well EN-276 and the installation of new groundwater extraction well
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(EN-284TD and then EN-284P) in Ice-Block Depression B, located a short distance south of North
Street. This ice-block depression was discovered in May 2002 during installation of monitoring

well EN-284.

The third element consisted of enhanced groundwater extraction with or without vacuum-assist and
injection of clean water to increase the Upper Aquifer pore volume exchanges and “flush” the
remaining VOC presence. Injection of clean water creates a mound in the surface of the water table
in the area of the injection well causing increased lateral hydraulic gradients that result in increased
groundwater flow velocities that radiate outward from the well. “Flushing” refers to the
displacement of VOC-containing groundwater with “clean” water under the greater groundwater
flow velocity conditions to increase the soil-to-groundwater chemical gradient in the aquifer and
take advantage of the reversible aqueous diffusion process. Enhanced groundwater extraction with
injection of clean water was selected as the plume reduction IRM for OU#3/MA-A based on
screening of a number of remedial technologies and remedial alternatives. The criteria used for

screening the remedial technologies and possible remedial alternatives included:

1. Demonstrated reliable effectiveness in achieving groundwater cleanup objectives at full
field-scale at other sites under comparable conditions.

2. Implementable under the conditions within OU#3/MA-A.

3. Effectiveness in achieving groundwater cleanup objectives can be monitored.

Overall, enhanced groundwater extraction combined with clean water injection was determined to
have the highest potential of achieving the remedial action goals of reducing the dissolved TCE
mass in groundwater by 50 percent in five years and 80 percent in ten years. The basis for this

determination included, but was not limited to:

1. Groundwater extraction and clean water injection are the only technologies identified
with a successful track record for reduction of chlorinated solvent plumes at other sites
with a similar size (footprint of about 100 acres and a volume in storage of about 100
million gallons) and in a similar hydrogeologic setting (water table aquifer with thin
saturated thickness in sand or sand and gravel soils overlying a silt and clay aquitard).

2. Extraction and injection operations using vertical wells can be implemented in areas
with limited accessibility due to roads and areas of private commercial and residential
properties. Implementation of these measures would result in less impact to the
community as compared to other technologies that require numerous injection points,
handling of chemicals, and/or numerous site visits on private properties.
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3. Extraction and injection operations are compatible with existing groundwater
geochemistry of the thin water table aquifer that varies laterally and temporally due to
effects from application of road deicing salts and variations in seasonal recharge of
oxygenated water.

4. Extraction and injection operations are compatible with existing groundwater extraction
and treatment system infrastructure that needs to remain in operation to provide
hydraulic containment during the OU#3/MA-A IRM.

5. Extraction and injection operations can be implemented at a scale that provides active
mass transfer from aquifer solids to groundwater by flushing on the order of 100 to 200
million gallons of water per year as compared to passive flux control technologies that
rely on years of injection of significantly lower volumes of amendments.

6. Extraction and injection operations and the resulting changes in groundwater levels,
groundwater flow directions, and groundwater chemistry can be monitored by direct
field measurements and fixed-based laboratory analyses to allow for evaluation and
tracking of IRM progress.

In light of the results of the Site-specific sorption experiments and spherical diffusion modeling, a
fast-tracked program of enhanced extraction and dewatering followed by re-saturation and flushing
using clean water was implemented in the OU#3/MA-A Upper Aquifer plume area to counter the
secondary sourcing of VOC mass that had accumulated in the saturated zone and reduce the VOC
mass flux from the saturated zone to the vadose zone and the underlying lacustrine silt. The
dewatering followed by re-saturation and flushing with clean water was performed sequentially
with the goals of:
1. Accelerating the rate of VOC mass transfer from aquifer soils to groundwater, by

placing “clean” water in contact with soil to maximize the chemical gradients driving
reverse diffusion (diffusion from soil pore water to groundwater) and desorption;

2. Eliminating volatilization from groundwater to deep vadose zone soil vapor as a
significant VOC mass transfer mechanism by placing “clean” water at the water table.
Reduction of VOC mass transfer from groundwater to vadose zone soil vapor would
reduce upward vapor diffusion gradients, thereby reducing vapor intrusion potential;

3. Flushing the upper portion of the lacustrine silt unit via downward vertical advection by
placing “clean” water at the base of the Upper Aquifer. The mass derived from reverse
diffusion and desorption from the upper portion of the lacustrine silt was expected to be
negligible due to downward vertical advection of groundwater in the silt that is driven by
regional groundwater withdrawals from the Lower Aquifer; and

4. Removing sufficient mass from the saturated zone and the vadose zone to limit the
potential for rebound of VOC concentrations in groundwater after the shutdown of clean
water injection and under less extensive post-IRM groundwater extraction operations.
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4 DESCRIPTION OF ENHANCED PLUME REDUCTION MEASURES

This section describes the enhanced plume reduction measures that have been implemented
beginning in July 2004 and their operation through September 2017. As such, this is a summary of

the physical aspects of the remedial system and their operations over the thirteen year period.

4.1 Elements of Remediation System Infrastructure

Implementation of the OU#3/MA-A plume reduction IRM required significant upgrades and
additions to the Upper Aquifer groundwater remediation system infrastructure. The magnitude of
the upgrades and the new construction is illustrated by the two maps provided on Plate 4-1. The
top map shows pre-IRM elements of the remediation infrastructure as of November 2002, while the
bottom map shows elements of the remediation infrastructure operated as part of the plume

reduction IRM.

As shown on the top map on Plate 4-1, the pre-IRM remediation infrastructure in November 2002

included the following elements:

e FEight (8) Upper Aquifer groundwater extraction wells, including one (1) controlling flux
from the North Street Area (EN-276); four (4) controlling flux from OSCZ-A ; and three
(3) controlling flux from OSCZ-B.

e Three (3) groundwater treatment facilities (GTFs) employed in treating about 100 to 150
gpm of groundwater withdrawals from the extraction wells in OSCZ-A and OSCZ-B.
Groundwater withdrawals from extraction well EN-276 were directed to Building 18 and
subsequently directed to the Building 96 Organic Treatment Facility (not shown on the
map).

e Approximately one thousand (1,000) feet of double-walled conveyance piping from the
extraction wells to the GTFs.

As shown on the bottom map on Plate 4-1, the IRM remediation infrastructure as of August 2017 is

significantly greater than the elements that existed in November 2002. These elements include:

e Sixteen (16) Upper Aquifer groundwater extraction wells, including three (3) controlling
flux from the North Street Area; nine controlling flux from OSCZ-A; and four (4)
controlling flux from OSCZ-B. An additional extraction well (EN-222) controlling flux
in OSCZ-B was decommissioned in December 2013.

e FEight (8) Upper Aquifer clean water injection wells.

e Three (3) groundwater treatment facilities (GTFs) employed in treating up to 600 gpm in
groundwater withdrawals from all of the extraction wells in the North Street Area,
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OSCZ-A, and OSCZ-B with 500 to 600 gpm of the treated effluent being used, as
necessary, for clean water injection water supply.

e Eleven thousand six hundred (11,600) feet of double-walled conveyance piping from the
extraction wells to the GTFs and five thousand two hundred (5,200) feet of single-walled
conveyance piping to transmit treated groundwater to the injection wells.

The maps on Plate 4-1 show the locations of the three groundwater treatment facilities (GTFs),
labeled from west to east: Jefferson GTF, Garfield GTF and Adams GTF. Each GTF treats
groundwater extracted from wells connected to it by double-walled conveyance piping, and supplies
clean water to the injection wells connected to it by single-walled piping. The groundwater
withdrawals are treated using aqueous phase granular activated carbon (GAC). Water treated at
these GTFs is either reinjected through one of the injection wells or discharged to the storm sewer

system at one of the discharge points shown on Plate 4-1 (i.e., D001, D002 and D003).

As part of implementing the enhanced plume reduction IRM, each of the GTFs received upgrades to
their piping and controls systems to accommodate a roughly five- to ten-fold increase in flow-
through rates for treatment of extracted groundwater and to configure them to supply injection
water to the various injection wells. At the Adams GTF the upgrade included constructing an
addition to the treatment building to accommodate a second GAC treatment train. This was
necessary because treated groundwater from some of the wells still contained dissolved iron and a
sequestering agent, neither of which was consistent with the water quality desired for the injection.
Therefore, the second GAC treatment train was installed to remove organic contaminants from the
extracted groundwater that did not contain dissolved iron, thereby permitting the use of this treated
groundwater for injection supply. Upgrades to the Garfield GTF also included constructing an
addition to the building to accommodate the segregation of EN-276 and EN-276R groundwater
withdrawals to allow for air-stripping treatment of the variable North Street Area chemistry

captured by those two wells.

4.2 Sequencing of IRM Activities

In light of the plume reduction strategy, the sequencing of the IRM activities were completed in a
phased approach to allow: expedited capture of the mass flux crossing North Street; dewatering of
the OSCZ-A and Southern Area portions of the plume; and flushing with clean water in an effort to
displace the remaining VOC presence and place clean water in contact with Upper Aquifer soils.

The placement of clean water in contact with the aquifer soil attempted to maximize the chemical
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gradient for reverse diffusion (diffusion out of the soil particles) and desorption. This phased
approach also allowed time for remediation system upgrades and construction of additional

remediation system infrastructure.

The enhanced plume reduction activities can be separated into three distinct phases of Upper
Aquifer extraction and injection well operations distinguished from each other by the objectives and

operating regimen of each. A brief description of each phase is provided below:

e Phase I (July 2004 through Late May 2006) — Flux Control at North Street and OSCZ-
A Plume Reduction: The first phase was focused on the implementation of the interim
corrective measures in OSCZ-A (MA-A). It began in July 2004 with the start-up of
extraction well EN-284TD/P which was installed in Ice Block Depression B (Plate 3-1.1) to
take advantage of the substantial saturated thickness at this location. Its purpose was
twofold: to intercept groundwater chemical flux crossing North Street and to accelerate
plume reduction in OSCZ-A. Extraction wells EN-91T and EN-92P were placed into
service early in 2005 and EN-451P started operating in mid-2006 to further enhance plume
reduction in the western portion of OSCZ-A.

e Phase II (Late May 2006 through Late November 2008) — Dewatering and Southern
Area Plume Reduction: The second phase of the enhanced plume reduction measures
began in mid-2006, at which time additional Upper Aquifer extraction wells were installed
pursuant to the OU#3 IRM work plan. Three extraction wells, EN-215T, EN-447T and EN-
499T, were installed at locations within the silt surface trough area in the central portion of
the OU#3/MA-A off-Site plume (Trough A on Plate 3-1.1). The extraction rates for these
three wells were greatly enhanced by the additional available drawdown associated with the
greater Upper Aquifer saturated thickness in the trough. These extraction wells were
operated at pumping rates that allowed them to substantially dewater the trough, which in
turn also lowered water levels outside the trough, thus inducing flow towards these wells
from a large area. Anticipating that this dewatering of the trough might strain the capacity
of the three existing wells controlling flux from OSCZ-B (EN-185, EN-195, and EN-222),
two additional Upper Aquifer extraction wells (EN-491T and EN-492T) were installed along
Monroe Street between Adams Avenue and McKinley Avenue. These two wells began
operating in early 2006 in advance of the startup of the trough dewatering wells. Between
March 2007 and November 2008 dewatering of the Upper Aquifer during this phase of the
IRM was near its maximum extent.

e Phase III (Late November 2008 to Present) — Re-Saturation and Flushing: The third
phase of the enhanced plume reduction IRM began in late November 2008 with the startup
of Upper Aquifer injection at EN-510T. Injection well EN-510T had been installed along
Monroe Street between Madison Avenue and Jefferson Avenue just outside the southwest
edge of the plume shown on Figure 2-4. Additional injection operations began in the
central portion of OSCZ-A in mid-2009, near the boundary between OSCZ-A and OSCZ-B
in late 2009, and in the northern portion of the Southern Area in mid-2010. The injection
operations had the combined effect of: 1) re-saturating the Upper Aquifer to levels similar or
above pre-IRM water level elevations; and 2) enhancing lateral hydraulic gradients resulting
in greater groundwater flow velocities and flushing of the Upper Aquifer soils.
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4.3 Overview of IRM Extraction and Injection Operations

An overview of Upper Aquifer groundwater extraction and clean water injection operations
completed as part of the OU#3/MA-A plume reduction IRM is provided in the following

subsections.

4.3.1 Groundwater Extraction Well Operations

Table 4.3a lists all of the extraction wells that have been placed into service for this plume
reduction effort, the year they began operating, their purpose and their current status (i.e., active or
inactive). Table B.1 in Appendix B lists all of the extraction wells included in the enhanced plume

reduction IRM specifying the volume of water extracted for each month from January 2003 to

September 2017.

Table 4.3a Extraction Wells Included in Interim Remedial Measures

for Enhanced Plume Reduction in OSCZ-A and OU#3

Extraction D.ate Pla.ced Function Current Status
Well in Service
EN-120 1981 Plume reduction in OSCZ-A Inactive as of Nov 2006
EN-160 1984 Plume reduction in OSCZ-A Inactive as of Nov 2006
EN-92P* Jan 2005 | Plume reduction in OSCZ-A Converted to injection
well in May 2009
EN-194 1991 Plume reduction in OSCZ-A Active
EN-215T Mar 2006 | Dewatering in top of silt surface trough Active
EN-499T Apr 2006 | Dewatering in top of silt surface trough Inactive as of Nov 2014
EN-91T Mar 2005 | Plume reduction in OSCZ-A Active
EN-133 1983 Plume reduction in OSCZ-A Active
EN-451P** Jun 2006 | Plume reduction in OSCZ-A Active
EN-447T Mar 2006 | Dewatering in top of silt surface trough Active
1) Intercept chemical flux crossing North St. .
EN-284TD Jun 2004 E2§ Accelefate plume reduction in ?)S CZ-A Inactive as of Jan 2007
1) Intercept chemical flux crossing North St. .
EN-284P Jan 2007 223 Accelefate plume reduction in %SCZ—A Active
EN-276 2001 Intercept chemical flux from North St. Area Active
EN-276R Jan 2012 Intercept chemical flux from North St. Area Active
EN-185 Oct 1989 | Control flux from OSCZ-B Inactive as of Sep 2009
EN-185R Oct 2010 | Replacement well to control flux from OSCZ-B Inactive as of Jan 2015
EN-195 1991 Control flux from OSCZ-B Inactive as of Feb 2014
EN-222 Dec 1999 | Control flux from OSCZ-B Inactive as of Dec 2011
EN-491T Feb 2006 Added capacity to cgntrol flux from OSCZ-B Active
during trough dewatering
EN-492T | Feb200¢ | ‘rdded Capacity to control flux from OSCZ-B | [ . oo oo orFeb 2014
during trough dewatering

*EN-92P was installed adjacent to EN-92T as a replacement well. Date placed in service is for EN-92T.
**EN-451P was installed inside the casing of EN-451T. Date placed in service is for EN-451T.
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4.3.2 Clean Water Injection Well Operations

Table 4.3b lists all of the clean water injection wells that have been placed into service for this
plume reduction effort, the year they began operating, their purpose and their current status (i.e.,
active or inactive). Table B.1 in Appendix B lists all of the injection wells included in the
enhanced plume reduction IRM specifying the volume of water injected for each month from

January 2003 to September 2017.

Table 4.3b Injection Wells Included in Interim Remedial Measures
for Enhanced Plume Reduction in OSCZ-A and OU#3
Injection | Date Placed
Well in Service

Function Current Status

(1) Accelerate reduction in concentrations in
southwest portion of plume

(2) Provide “backstop” for future injection along
plume centerline

EN-510T Nov 2008 Inactive as of Oct 2013

EN-92P May 2009 | Flush clean water through plume centerline Active
EN-78T Nov 2009 Flush clean water through the northeast portion Active
of plume

(1) Flush clean water from southern edge of
trough to accelerate rate of concentration
EN-501T Apr 2010 | reductions in this area Active
2) Provide additional water to flush
contaminants from trough area of Upper Aquifer

(1) Provide backstop for extraction wells along
Monroe St. controlling flux from OSCZ-B

(2) Flush clean water from northern edge of
EN-161T Jun 2010 | trough to accelerate rate of concentration Active
reductions in this area

3) Provide additional water to flush
contaminants from trough area of Upper Aquifer

EN-529T Jan 2011 Flush clean water through plume centerline Active

EN-530T Jul 2012 Flush clean water in northern portion of OSCZ-A Active
Flush remaining plume area in western portion of .

EN-532T Oct 2013 0SCZ-A Active

4.3.3 Total Extraction and Injection Rates

From the startup of the enhanced plume reduction IRM in July 2004 to September 2017, these
remedial systems have extracted and treated about 2,623,000,000 gallons of contaminated
groundwater from the Upper Aquifer. Since injection began in November 2008, about
1,760,000,000 gallons of clean water has been injected into the Upper Aquifer. Figure 4-1 presents

graphs of time versus average combined total extraction rate and average combined total injection
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rate (both in gallons per minute (gpm)) from July 2003 to September 2017 for all wells involved in
implementing the OU#3/MA-A IRM, including those operated to control flux from adjoining areas
of the Site (i.e., all wells shown on the bottom map on Plate 4-1). This graph has been divided into
four time periods including, Pre-IRM and the three IRM phases described in Section 4.2.

Pre-IRM: Figure 4-1 shows total extraction rates from the eight wells being operated during this
time period. As shown on this figure, average monthly total extraction rates were between 100 and

150 gpm.

Phase 1 (July 2004 through late 2006) - MA-A IRM Wells: Following the startup of EN-
284TD/P in July 2004 and the subsequent startup of EN-91T and EN-92T/P in early 2005, the range
of total average monthly extraction rates increased to between 150 and 200 gpm, declining in the
summer and fall of 2005 in response to the partial dewatering resulting from these increased

extraction rates and the normal decline in groundwater recharge in the late summer and early fall.

Phase II (Late May 2006 through Late November 2008) - Add OU#3 IRM Wells: After the
startup of the OU#3 IRM extraction wells in the trough area in May 2006, Figure 4-1 shows the
average monthly total extraction rate increased substantially, peaking at over 300 gpm in September
2006. The rate then declined rapidly as the trough was dewatered, pausing for a few months in the
spring of 2007 in response to the spring recharge period, then continuing to decline through the
summer and early fall of 2007 as the recharge rate declined and the extent of dewatering increased.
The rate was maintained in this lower range through the winter to allow increased recharge
beginning in November 2007 to partially re-saturate the dewatered portion of the aquifer. The total
extraction rate then increased from April to November 2008 to again dewater the Upper Aquifer in

advance of starting injection.

Phase III (Late November 2008 to Present) - Add Injection: Injection of treated groundwater
and, when necessary, public water began in late November 2008 with the startup of EN-510T at a
rate of 25 gpm. Figure 4-1 shows that as the injection rate increased to 110 gpm in the first six
months of operating EN-510, the extraction rate was maintained at a rate comparable to that
experienced at the end of Phase II. This was done to permit re-saturation of a significant portion of
the aquifer that had previously been dewatered. Between mid-2009 and mid-2014 the average
monthly injection rates increased from about 150 gpm to 550 gpm as additional injection wells were

sequentially put into service. During this time period a similar rise in average monthly extraction

IRM Final Report for OU#3 and MA-A November 10, 2017

GROUNDWATER SCIENCES CORPORATION
GROUNDWATER SCIENCES, P.C.



24

rates was observed, increasing from about 200 gpm to a peak of about 600 gpm. From the peak
levels in mid-2014 the typical average monthly extraction and injection rates have declined slightly
to about 550 gpm and 500 gpm, respectively. As shown on Figure 4-1, a greater dip in the
extraction and injection rates was observed during the middle of 2016 due to a prolonged shutdown

of injection operations to allow for repairs to Garfield Avenue GTF treatment system GAC vessels.

4.3.4 Breakdown of Extraction and Injection Volumes by IRM Phase

A map with histogram graphs depicting average monthly extraction and injection volumes for
different portions of the OU#3/MA-A IRM plume area is provided as Plate B.1 in Appendix B.
The total extraction volumes were about 165 MG during Phase I IRM operations, about 258 MG
during Phase II IRM operations, and 2,200 MG (through September 2017) during Phase III IRM
operations. For comparison, the total clean water injection volume was about 1760 MG during

Phase III operations, about 80% of the volume extracted during Phase III.

4.4 Modifications to Upper Aquifer Conditions

Plate 4-3 provides three sets of Upper Aquifer groundwater elevation contour maps and associated
saturated thickness contour maps based on water levels recorded on three plume reduction
milestone dates. The three milestone dates include: June 8, 2004, depicting Upper Aquifer
Conditions prior to the start of the IRM plume reduction activities; November 18, 2008, depicting
Upper Aquifer conditions near the maximum extent of plume area dewatering, and August 3, 2017,
depicting Upper Aquifer conditions near the maximum extent of plume area flushing. Descriptions
of the Upper Aquifer conditions at the time of these milestone dates are provided in the following

subsections.

4.4.1 Pre-IRM Conditions — June 8, 2004

The June 8, 2004 Upper Aquifer groundwater elevation and saturated thickness contour maps
shown on Plate 4-2 depict antecedent conditions that existed prior to the implementation of the
IRM. The estimated volume of groundwater in storage in the OU#3/MA-A plume area at this time

was about 135 MG. From these maps it is possible to observe the following:

e OSCZ-A was at that time established by the operation of four extraction wells including
EN-133 between Madison Avenue and Jefferson Avenue and wells EN-120, EN-160 and
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EN-194 located just north of Monroe Street between Grant Avenue and Garfield Avenue
(the Garfield Well Cluster). Similarly, OSCZ-B existed as a consequence of the
operation of extraction wells EN-185, EN-195 and EN-222 along Monroe Street
between Adams Avenue and Roosevelt Avenue.

e The operation of EN-276 in the North Street Area was partially controlling Upper
Aquifer groundwater flow crossing North Street and that groundwater flow was entering
and passing through the plume area within OSCZ-A before being extracted by one of the
wells responsible for establishing OSCZ-A.

e The Southern Area as it was originally defined was the area between the Susquehanna
River and the capture zones of extraction wells then operating just north of Monroe
Street in OSACZ-A and OSCZ-B.

e Upper Aquifer saturated thickness in places greater than 20 feet are present in the area of
Ice Block Depression B and the three troughs in the top of silt surface shown on Plate
3.1-1. Areas labeled as “dry” on the saturated thickness map are in the area of the large
mound or ridge in the lacustrine silt surface near Broad Street and in smaller areas west
and east of ice-block depression B. The “dry” areas correspond to areas where the top of
silt surface extends above the water table.

4.4.2 Dewatering Conditions — November 18, 2008

The November 18, 2008 Upper Aquifer groundwater elevation and saturated thickness contour
maps shown on Plate 4-2 depict conditions when IRM dewatering of the Upper Aquifer was near
its maximum extent. The estimated volume of groundwater in storage in the OU#3/MA-A plume

area at this time was about 70 MG. From these maps it is possible to observe the following:

e The change in the flow conditions within the Upper Aquifer and the movement of
groundwater divides associated with various extraction wells that accompanied the
startup of the trough wells is reflected on the two November 18, 2008 contour maps.
When compared to the saturated thickness map for June 2004, the November 2008
saturated thickness map shows a substantial reduction in saturated thickness after about
two years of implementing the second phase of the enhanced plume reduction measures.

e As a result of the substantial dewatering of the trough and the gradients that were
induced towards the trough wells, the capture zone of EN-133 located at the
westernmost extent of the plume had shrunk substantially. Furthermore, the available
drawdown at extraction wells EN-91T, EN-92P, EN-120, EN-160, and EN-194 had been
reduced so greatly by dewatering that these wells had to be shut down in early 2007.

e Substantially more dry areas and areas with saturated thickness less than two feet had
emerged as a result of the dewatering such that the majority of the IRM plume area
groundwater was located in the three lacustrine silt trough areas surrounded by areas
with little or no saturated thickness.

e As aresult of these changes, two constrictions had developed for groundwater flow, i.e.,
flow from the south back towards EN-284P was now constricted to a narrow channel
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between two emerged dry areas, and the portion of the Southern Area nearest the river
was nearly cut off from the trough area north of Tracy Street by newly emerged dry
areas.

e The groundwater divide that had previously separated OSCZ-A from the Southern Area
had moved to the area of Tracy Street, which is the development that resulted in the
decision to combine the two IRMs.

4.4.3 Re-Saturation and Flushing Conditions — August 3, 2017

The August 3, 2017 Upper Aquifer groundwater elevation and saturated thickness contour maps
shown on Plate 4-2 depict conditions when IRM re-saturation and flushing of the Upper Aquifer
was near its maximum extent. The estimated volume of groundwater in storage in the OU#3/MA-A

plume area at this time was about 161 MG. From these maps it is possible to observe the following:

e August 3, 2017 groundwater flow divides between injection well locations have
subdivided the area of OSCZ-A into three separate capture zones withdrawing
groundwater from EN-284P, the western plume area (extraction wells EN-133, EN-
451P, and EN-91T), and the trough area (extraction wells EN-194, EN-215T, and EN-
447T).

e The groundwater divide separating OSCZ-A from the Southern Area, that had extended
to Tracy Street in November 2008, is located in the area of East Main Street.

e The western portion of OSCZ-B is captured by extraction well EN-491T, while a VOC
plume is no longer present in the eastern portion of OSCZ-B due to a successful source
removal IRM completed in OU#4 in March 2010.

e A comparison between the August 2017 saturated thickness contour map and the other
saturated thickness contour maps on Plate 4-2 indicates: 1) there have been substantial
increases in saturated thickness since the maximum extent of dewatering occurred in
November 2008; and 2) saturated thickness under the August 2017 re-saturation and
flushing conditions is greater than pre-IRM conditions in June 2004.

4.5 Achievement of Enhanced Plume Reduction Strategy

Overall, the significant upgrades and additions to the OU#3/MA-A off-Site groundwater plume
remediation infrastructure resulted in remediation systems capable of meeting the enhanced plume
reduction strategy of: 1) eliminating, to the extent practicable, the groundwater chemical flux
crossing North Street; and 2) accelerating the rate of plume reduction south of North Street. The
first part of the strategy was achieved by continued operation of OU#2 groundwater extraction well
EN-276 and the installation of new groundwater extraction well (EN-284TD and then EN-284P) in
the ice-block depression, located a short distance south of North Street. The second part of the
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strategy was achieved by the phased implementation of enhanced groundwater extraction and clean
water injection at rates totaling in the hundreds of millions of gallons per year. The successful
implementation of these high volume extraction and injection operations resulted in numerous pore
volume flushes throughout the Upper Aquifer plume area. The four years of dewatering by
extraction followed by nine years of flushing with clean water was a key element of the enhanced
plume reduction strategy to accelerate mass transfer from aquifer soils to groundwater and
substantially eliminate mass transfer from groundwater to vadose zone soil vapor. A comparison of
the dewatering and flushing timeframes with the predictions made by spherical diffusion modeling,

suggests these high volume extraction and injection operations are no longer necessary.
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S ENHANCED PLUME REDUCTION RESULTS AND METRICS

This section of the report presents the results that document achievement of the OU#3/MA-A plume
reduction IRM goals and milestones, followed by a review of the plume reduction metrics that serve
as multiple lines of evidence to support the conclusion that the OU#3/MA-A plume reduction IRM

is complete and certain remedial measures are no longer required.

5.1 Achievement of IRM Goals and Milestones

In accordance with the AOC, the IRM goals stated in the SGA Final Report include:

1. Attain groundwater standards (NYSGQSs) to the extent practicable; and

2. Reduce the footprint and concentrations of the plume of VOCs south of North Street, in
particular for TCE.

To accomplish these goals, the SGA Final Report indicated it would be necessary to continue to
control sources of groundwater contamination north of North Street; to eliminate, to the extent
practicable, groundwater chemical flux crossing North Street; and to then accelerate the rate of
plume reduction south of North Street. The specific milestones for the plume reduction effort as
stated in the SGA Final Report were to reduce the mass of TCE dissolved in groundwater within

OSCZ-A and the Southern Area by 50% in five years and by 80% in ten years.

The following subsections present the results documenting achievement of control of the
groundwater chemical flux crossing North Street, attainment of the NYSGQSs, reduction of the
footprint (lateral extent) and concentrations of the plume of VOCs south of North Street, and the

achievement of the IRM milestone goals for reduction of TCE dissolved mass.

5.1.1 Attainment of Groundwater Standards and Plume Area Reduction

The IRM has been successful in achieving the goals of attaining groundwater standards and
reducing the footprint of the off-Site VOC plume area. Reduction of the TCE concentration to
below the NYSGQS of 5 pg/L and elimination of the off-Site TCE plume footprint has substantially
been attained for the OU#3/MA-A plume area since 2014. Average TCE concentrations calculated
for the OU#3/MA-A plume area over the past four years have ranged from 2.3 pg/L, in 2014, to 1.1
pg/L in 2017. NYSGQSs for other principal constituents of the plume were substantially attained
for the OU#3/MA-A plume area in 2012 or earlier. The footprint of the OU#3/MA-A plume area
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beyond the area used for control of groundwater chemical flux crossing North Street has been
virtually eliminated. Descriptions of the sequential declines in concentrations of TCE and other

plume constituents during IRM implementation are provided in the following subsections.

5.1.1.1  Sequential Reduction of TCE Dissolved Plume

Plate 5-1 presents fourteen map views of the TCE plume over a period of thirteen years
corresponding to the TCE plume concentration contours for groundwater data collected during the
first half of 2004 followed by TCE plume concentration contours in August for 2005 through 2017.
August was chosen for this annual view because it is the most comprehensive sampling round in
every one of those years. The shaded portions of the maps represent areas where TCE is inferred to
be above the NYSGQS of 5 pg/L. Each of these annual plume maps includes text callouts that
highlight elements of the plume reduction IRM that were significant in that year. There is also a
caption beneath the date on each view to identify the overall place in the sequence represented by
that view. The following paragraphs briefly describe significant observations for pre-IRM
conditions in 2004 and conditions during the three IRM phases.

e Pre-IRM 1% Half of 2004: The first of the fourteen panels on Plate 5-1, (also provided
below as Figure 5-1) shows the TCE plume prior to the beginning of the enhanced plume
reduction IRM. The highest concentrations in the plume area (i.e., >500 pg/L) are present
only within a distance of approximately 200 feet downgradient from North Street. This
narrow lobe of higher concentrations represents the groundwater chemical flux crossing
North Street that was not otherwise intercepted by EN-276 at that time. Further out in the
plume, concentrations along its apparent centerline in the range of 200 to 500 pg/L extend
west to Madison Avenue and south to East Main Street and there is a circular area of
concentrations exceeding 200 pg/L in the area south of Tracy Street. This plume core is
surrounded by a broader band of concentrations >50 pg/L and <200 pug/L and an even
broader band of concentrations >5 pg/L. The outside edge of the plume is defined by the 5
ug/L contour which corresponds to the NYSGQS for TCE.
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FIGURE 5-1: TCE Isoconcentration Contour Map (First Half of 2004)

Phase I (July 2004 through Late May 2006) — Flux Control at North Street and OSCZ-
A Plume Reduction: The first phase was focused on the implementation of the interim
corrective measures in OSCZ-A (MA-A). The TCE contour maps for 2005 and 2006 show
that during this first phase of the IRM the control of the groundwater chemical mass flux
crossing North Street was established and areas with TCE concentrations greater than 200
pg/L and greater than 50 pg/L began to shrink.

Phase II (Late May 2006 through Late November 2008) — Dewatering and Southern
Area Plume Reduction: The second phase of the enhanced plume reduction measures
began in mid-2006, at which time significant dewatering occurred and the area controlled by
groundwater extraction extended into the OU#3 Southern Area. The TCE contour maps for
2007 and 2008 show that during this second IRM phase control of the groundwater chemical
mass flux crossing North Street was maintained while areas with TCE concentrations greater
than 200 pg/L were almost eliminated and areas with TCE concentrations greater than 50
pg/L continued to shrink. The lateral extent of the central portion of the TCE plume area
also began to shrink during this period.

Phase III (Late November 2008 to Present) — Re-Saturation and Flushing: The third
and final phase of the enhanced plume reduction IRM began in late November 2008 with the
startup of clean water injection. The TCE contour maps for 2009 through 2017 show the
significant effect the clean water injection operations had on the rate of the TCE plume
reduction. The TCE contour maps indicate the breakup and subsequent removal of the TCE
plume was substantially achieved by August 2013 in OU#3 and by August 2014 in MA-A,
about four to five years after the start of clean water injection. By August 2015, the
enhanced plume reduction IRM efforts had eliminated nearly all of the TCE plume area.
Throughout this final phase of the IRM the TCE contours indicate control of the
groundwater chemical mass flux crossing North Street was maintained. In particular, over
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the past four years, this control was maintained solely with the operation of groundwater
extraction wells EN-284P and EN-491T. The contour maps for 2013 through 2017 indicate
the Upper Aquifer saturated soils in the former plume area have been in contact with “clean”
water for more than three to four years. Given the predictions made by spherical diffusion
modeling, the presence of “clean” water in contact with aquifer soils for more than three to
four years suggests the majority of the TCE mass in soil that posed a threat to TCE
groundwater concentrations has been removed. The last of the fourteen panels on Plate 5-1,
(also provided below as Figure 5-2) shows that, with the exception of the TCE mass flux
crossing North Street that is captured by extraction wells EN-284P and EN-491T, the off-
Site TCE plume has been virtually eliminated.

LEGEND
TCE- Trichloroethene
— § —- TCE Isoconcentration
Contour (pg/l)
(dashed where inferred)

TCE CONCENTRATIONS
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[ 50 - 200 pgr
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[ 5.000 - 50,000 pg/!
[ Limits of Ventilation

FIGURE 5-2: TCE Isoconcentration Contour Map (August 2017)

5.1.1.2 Temporal Trends in TCE Concentrations

Plate 5-2 provides graphs depicting time versus TCE concentrations for certain Upper Aquifer
monitoring wells to depict temporal trends in TCE concentrations for the time period of 2003
through August 2017. The graphs include timelines denoting pre-IRM and IRM phase timeframes.
An Upper Aquifer groundwater elevation contour map for August 3, 2017 along with an overlay of
the approximate limits of the OU#3/MA-A off-Site plume area is provided on Plate 5-2 for

reference.

As indicated in Section 3.3, the nearly twenty-five years of on-Site and off-Site corrective action

activities reduced TCE concentrations by more than 50% at off-Site plume monitoring well
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locations. By 2003, TCE concentrations had apparently stabilized, finding a balance between on-
going reductions due to off-Site groundwater extraction operations and replenishment of dissolved
TCE due to TCE mass flux in groundwater crossing beneath North Street. As shown on Plate 5-2,
TCE concentrations detected in groundwater samples from many of the monitoring wells indicated
a slow steady decline in concentrations that began around the start of the enhanced plume reduction
IRM activities. Exceptions to this slow and steady declining trend are well EN-094, located outside
of the plume area, and well EN-077, located within the North Street Area mass flux capture zone for

extraction well EN-284P.

The most prominent feature on the graphs for all the wells except EN-094 and EN-077 is a rapid
one to two order of magnitude decline in TCE concentrations that occurred sometime during the
IRM Phase III re-saturation and flushing operations. The timing of the rapid decline on the graphs
varied from near the start of Phase III clean water injection in early 2009, at well EN-093, to the
middle of 2013, for Southern Area wells EN-204 and EN-206. Overall, the thirteen years of plume
reduction IRM activities combined with the nearly twenty-five years of pre-IRM corrective action

have reduced the TCE concentrations in the off-Site plume area by 99% or greater.

5.1.1.3  Sequential Reduction of Other Plume Constituents

Besides TCE, the other principal plume constituents present prior to the start of the IRM include:
PCE, TCE breakdown product cis-1,2-dichloroethene (c12DCE), TCA, and TCA breakdown
products 1,1-dichloroethane (11DCA) and 1,1-dichloroethene (11DCE). Two plates with
isoconcentration contour maps for these other plume constituents, based on pre-IRM groundwater
data collected in the second half of 2003, Phase I IRM groundwater data collected in August 2008,
and Phase III IRM groundwater data collected in August 2012 and November 2016 are provided as
Plate C.1 and Plate C.2 in Appendix C. The shaded portions of the maps represent areas where
the plume constituent is inferred to be above the NYSGQS of 5 pg/L. Each of the plume maps
highlight the extraction wells and, if applicable, the injection wells that were operating at the time

of the groundwater sampling round.

Overall, the maps show control of the groundwater mass flux crossing North Street that contains the
other plume constituents has been maintained with the operation of groundwater extraction wells

EN-284P and EN-491T. The maps also indicate the other plume constituents were virtually
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eliminated by August 2012, about three to four years following the start of the Phase III IRM re-

saturation and flushing operations.

5.1.2 Achievement of Milestones Goals for TCE Mass Reduction

As stated previously, the Final SGA Report established milestones goals for the combined IRM that
included a reduction of TCE mass dissolved in groundwater following the start of IRM
implementation by 50% in five years and 80% in ten years. The initial calculations made to
document progress toward reaching the first of these milestones were published in an addendum to
the 2007 annual report that was subsequently approved by the Agencies. To avoid the need to
repeat the explanation of how these calculations are made, that addendum is attached hereto as

Appendix D.

Table 5.1 presents the results of those calculations made for the pre-IRM plume and the following

thirteen years of IRM implementation.

Table 5.1 Reduction in TCE Mass Dissolved In Groundwater
Volume of Total TCE Reduction in Average TCE Reduction in
Date Groundwater Dissolved TCE Dissolved | Concentration** | Average TCE
in Storage* Mass* Mass since (ng/L) Concentration
(gallons) (pounds) 2004 since 2004
Pre-IRM - 1* Half of 2004
June 2004 | 134,932,000 | 89.5 | NA 79.5 | NA
Phase I — Flux Control at North Street and OSCZ-A Plume Reduction
August 2005 | 116,359,000 | 56.2 | 37% 57.9 | 27%
Phase II — Dewatering and Southern Area Plume Reduction
August 2006 115,022,000 38.0 58% 39.6 50%
August 2007 69,102,000 21.9 75% 38.0 52%
November 2008 69,704,000 20.4 77% 35.1 56%
Phase I1I — Re-Saturation and Flushing
August 2009 95,138,000 25.3 72% 31.8 60%
August 2010 96,068,000 21.4 76% 26.7 66%
August 2011 136,804,000 21.2 76% 18.5 77%
August 2012 122,576,000 16.5 82% 16.1 80%
August 2013 129,670,000 8.2 91% 7.5 91%
August 2014 135,966,000 2.6 97% 2.3 97%
August 2015 149,161,000 1.8 98% 1.5 98%
August 2016 115,951,000 1.3 99% 1.4 98%
August 2017 160,588,000 1.5 98% 1.1 99%
*Excluding EN-284TD/P capture area.
**Calculated by dividing the total TCE dissolved mass by the saturated volume.
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The table includes: the volume of groundwater in storage within the plume area calculated based on
the annual Upper Aquifer saturated thickness contour maps, the average TCE concentration
calculated based on the annual Upper Aquifer TCE contour maps, and the dissolved TCE mass
derived from the previous two calculations. The percent reductions in average TCE concentration
and dissolved TCE mass since the pre-IRM conditions in 2004 are also included in the table.
Average TCE concentrations, dissolved TCE mass, and their respective percent reductions are also

posted on the TCE plume contour maps on Plate 5-1.

As indicated in Table 5.1 and on Plate 5-1, by August 2006, just two years into the IRM, the mass
of TCE dissolved in groundwater within the plume had already been reduced by 58%, from 89.5
pounds to 38 pounds, indicating that the first milestone had been reached three years before the
projected date. Importantly, the average concentrations of TCE in the plume had also diminished by
50%, from 79.5 pg/L to 39.6 ng/L, in that same timeframe. By the end of Phase II IRM dewatering
the TCE dissolved mass had been reduced by 77% and the average TCE concentration was reduced
by 56%. The second milestone of 80% reduction in dissolved TCE mass was reached in August
2012, eight years after the start of the IRM implementation. As indicated on Table 5.1 and Plate 5-
1, reductions in the TCE mass dissolved in groundwater and the average TCE concentrations have
been 98% to 99% over the past three years. As of August 2017, the amount of TCE mass calculated

to be dissolved in the plume area is 1.5 pounds.

5.2 Plume Reduction IRM Metrics

Numerous plume reduction metrics were reviewed during performance of the IRM as a “multiple
lines of evidence” approach to determine when implementation of enhanced groundwater extraction
and clean water injection are no longer necessary or beneficial to maintain the IRM goals.
Descriptions of each of the metrics that support the conclusion that the plume reduction IRM is

complete are described in the following subsections.

5.2.1 Temporal Trends in TCE Plume Reduction Progress

Figure 5-3 presents three graphs that depict temporal trends in TCE plume reduction progress. The
uppermost graph plots time versus the average TCE concentrations calculated for the plume area,

the middle graph plots time versus the incremental percent reduction in average TCE concentration
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from the initial average TCE concentration, and the bottommost graph plots time versus the

dissolved TCE mass in groundwater calculated for the plume area.

As indicated on the uppermost graph on Figure 5-3, average TCE concentrations calculated for the
plume area declined exponentially during Phase I IRM control of groundwater chemical flux
crossing North Street and enhanced extraction in OSCZ-A (MA-A). The rate of decline in average
TCE concentrations decreased during Phase II IRM activities and the first half of Phase III IRM
activities. The declining trend in average TCE concentrations over the past four years is

asymptotic, with average concentrations of about 1 to 2 pg/L.

The middle graph on Figure 5-3, shows the reductions from the initial average TCE concentration
were highest during the Phase I IRM activities, declining rapidly during Phase II IRM activities. A
second less pronounced period of reductions from the initial average TCE concentrations occurred
between 2010 and 2014, during Phase III IRM clean water injection re-saturation and flushing
activities. As indicated on the middle graph, the trend in percent reductions from the initial average
TCE concentration over the past three years has been asymptotic, with changes of less than one

percent per year.

Similar to the other two graphs on Figure 5-3, the bottommost graph indicates an exponential
decline in TCE mass dissolved in groundwater during Phase I IRM control of groundwater chemical
flux crossing North Street and enhanced extraction in OSCZ-A (MA-A). The rapid decline in
dissolved TCE mass continued during the Phase II IRM dewatering until 2007. Calculations of
TCE mass dissolved in groundwater during the first half of Phase III IRM re-saturation and flushing
were similar until they began to decline again in 2012. Since 2014, calculations of TCE mass
indicate very little TCE mass remains in groundwater with an asymptotic trend in dissolved TCE

mass-in-place over the past four years.

In aggregate, the three graphs on Figure 5-3, indicate little additional progress has occurred since
elimination of nearly all of the TCE plume area in August 2015. These temporal trends in plume
reduction progress indicate the rate of mass transfer for the remaining presence of TCE in soil to
TCE in groundwater via reverse diffusion and desorption are slow processes that are no longer

likely to have a meaningful effect on maintaining plume reduction goals.
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5.2.2 Reductions in Deep Vadose Zone Soil Vapor

In 2003, IBM conducted a vapor intrusion investigation in the off-Site plume area. The
investigation proceeded from areas where vapor intrusion potential was perceived to be greater to
areas of lower vapor intrusion potential. Where the findings of the investigation met certain action
criteria established by the NYSDEC and NYSDOH, IBM offered to provide mitigation of the
potential vapor intrusion pathway typically in the form of substructure ventilation systems. The
ventilation systems are designed to develop a negative pressure beneath the structure, thereby
eliminating the potential for vapor intrusion. In August 2004, IBM began implementation of a soil
vapor monitoring program to monitor for changes in the presence of certain VOCs that drove
decisions for installation of the ventilation systems. Results of the soil vapor monitoring were
initially reported on a quarterly basis. Since 2006, the soil vapor monitoring results have been

reported on a semiannual basis.

Plate 5-3 presents eleven map views of TCE soil vapor contour maps for “water table depth*(deep
vadose zone) soil vapor implant data. The contour maps have been prepared on behalf of IBM by
Sanborn, Head & Associates, Inc. as part of the annual soil vapor monitoring reports. The maps
depict deep vadose soil vapor conditions prior to the start of the IRM in 2004 and during IRM
implementation between 2008 and 2017 (no contour maps have been prepared for years 2005
through 2007). Each map also includes the limits of the areas where ventilation systems have been

installed or offered.

Overall, the maps depict a sequential decline in TCE soil vapor concentrations between 2004 and
2014 that generally correlates with the annual sequential TCE groundwater plume maps provided on
Plate 5-1. Review of the soil vapor contour maps for 2014 through 2017 indicates additional
reductions in soil vapor conditions near the water table are more localized and appear to be out of
phase with the substantial reductions in the TCE groundwater plume. Further analysis of the
relationship between the vadose zone soil vapor concentrations and the saturated zone groundwater
concentrations is provided in Appendix E, and summarized on Figure 5-4. Figure 5-4 provides a
comparison of average equilibrium concentrations of vadose zone pore water for the OU#3/MA-A
plume area (calculated using Henry’s Law assuming equilibrium between soil vapor and soil pore

water concentrations) with average groundwater concentrations for the OU#3/MA-A plume area. A
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review of the Figure 5-4 graph provides the following insights regarding the reductions in deep soil

vapor concentrations:

e The rates of declines in average groundwater concentrations (solid blue line) and
average equilibrium pore water concentrations (dashed blue line) were similar between
2004 and 2012 and the average groundwater concentration was higher than the average
equilibrium pore water concentration. This suggests that pore water concentrations were
still affected by TCE in groundwater at the water table and that reductions in
groundwater concentrations had a direct effect on reducing vapor concentrations in the
deep vadose zone, thus directly diminishing that component of vapor intrusion potential.

e The rates of the declines in average groundwater concentrations and average equilibrium
pore water concentrations both appear to accelerate from 2012 to 2013 corresponding to
the period of time when the average monthly clean water injection rate increased to and
stabilize at essentially 500 gpm (Figure 4-1). The year after that (2013 to 2014) the
decline in average groundwater concentrations continued to accelerate as the decline in
average equilibrium pore water concentrations slowed markedly. At this point in the
IRM, the reductions in groundwater concentrations became out of phase with the
reductions in the TCE vapor concentrations in the vadose zone.

e From 2014 to 2017, as the average monthly clean water injection rate increased to
between 500 to 600 gpm, the average groundwater concentration has been lower and has
been declining at a much faster rate than the average equilibrium pore water
concentration. These relationships suggest the additional groundwater plume reductions
during these past few years had little effect in further reducing TCE vapor concentrations
in the vadose zone and were thus providing little further reduction in vapor intrusion
potential.

e Since 2013, the slower decline in average equilibrium pore water concentrations is
believed to be attributable to the rate-limiting natural processes of sorption-retarded
reverse-diffusion of TCE mass from coarse particles and desorption, as volatilization of
TCE mass at the water table is no longer a significant contributor to the vapor phase
TCE mass in the vadose zone.

e The limited TCE mass stored in the vadose zone is the only substantive source
remaining and it will continue to naturally dissipate via the processes of diffusion,
desorption, vertical downward recharge to groundwater and vertical upward vapor
diffusion. The reduced TCE soil vapor concentrations over the past few years reflect
reduced mass transfer gradients, further reducing the rate of these natural processes.

In light of these findings, continued operation of enhanced extraction and clean water injection will
no longer provide the meaningful benefits of: 1) reducing vapor intrusion potential; and 2)

maintaining the OU#3/MA-A plume reduction IRM goals.
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5.2.3 Trends in VOC Mass Removal

Graphs depicting time versus monthly VOC mass removal in pounds (Ibs) between 2005 and
September 2017 are provided on Plate 5-4. The graphs include mass removal data for the principal
plume constituents, TCA, 11DCA, 11DCE, PCE, TCE, and c12DCE, as well as Freon 113 and
vinyl chloride. The graphs depict monthly mass removals for western plume area extraction wells
EN-133, EN-451T/P, and EN-091T and trough area extraction wells EN-194, EN-215T, and EN-
447T. Breaks in the mass removal data reflect periods when the extraction well was shut down due
to limited available drawdown. A review of these graphs provides the following insights regarding

the trends in VOC mass removal during the three phases of the enhanced plume reduction IRM.

e Phase I (July 2004 through Late May 2006) — Flux Control at North Street and
OSCZ-A Plume Reduction: The control of the groundwater chemical mass flux
crossing North Street and the enhanced extraction in OSCZ-A resulted in a sharp decline
in VOC mass removal rates for extraction wells EN-133, EN-451T/P, and EN-91T,
located in the western portion of the plume area. Mass removal rates for well EN-194
located in the south-central portion of OSCZ-A were relatively unchanged. Trough area
extraction wells EN-215T and EN-447T were not yet operating during this IRM time
period.

e Phase II (Late May 2006 through Late November 2008) — Dewatering and Southern
Area Plume Reduction: The significant dewatering during this IRM phase resulted in
shutdown of extraction wells EN-91T, EN-451T/P (late 2007), EN-194, and EN-215T.
For extraction wells that continued to operate during this time period the VOC mass
removal rates declined faster than the rate of decline recorded during the Phase I IRM
operations.

e Phase III (Late November 2008 to Present) — Re-saturation and Flushing: The re-
saturation and flushing by clean water injection initiated in late 2008 resulted in an
increase in the rate of mass removal for the off-Site plume extraction wells. This
increased rate of mass removal was primarily observed between 2009 and 2014. In
particular, the increased rate of TCE mass removal that appears as a broad mound on
many of the graphs is inferred to represent the combined effects of displacement of
TCE-containing groundwater by flushing and the enhanced rate of mass transfer by
reverse diffusion and desorption due to re-saturation and the presence of low
concentration VOC water or clean water in contact with Upper Aquifer soils.

The combined monthly TCE mass removal rates for the second half of 2016 and the first three
quarters of 2017 are about 0.1 pounds per month for the trough area extraction wells and about 0.05
pounds per month for the western plume area extraction wells. The mass removal rates for TCE
and the other principal plume constituents are only fractions of a pound per month and have been

asymptotic over the past one to two years, indicating the enhanced extraction and clean water
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injection efforts are no longer providing a meaningful benefit at enhancing mass removal rates in

areas of the OU#/MA-A plume controlled by the groundwater extraction wells.

5.2.4 Estimated Sources of TCE Mass Removal

During the first two years of the implementation of the enhanced plume reduction IRM the mass of
TCE removed from off-Site extraction wells was on the order of four to five times the mass of TCE
calculated to be dissolved in groundwater within the entire plume in June 2004. Potential sources of

this additional TCE mass extracted from groundwater extraction wells include the following:

1. TCE mass flux from the vadose zone to Upper Aquifer groundwater (recharge of TCE-
containing vadose zone pore water).

2. TCE mass flux from Upper Aquifer soils to Upper Aquifer groundwater via reverse
diffusion and desorption.

3. TCE mass flux from the upper portion of the underlying lacustrine silt unit to Upper
Aquifer groundwater via reverse diffusion and desorption.

As previously mentioned in Section 3.5, the mass derived from reverse diffusion and desorption
from the upper portion of the lacustrine silt is believed to be negligible due to downward vertical
advection of TCE-containing groundwater induced by regional groundwater withdrawals from the
Lower Aquifer. Subtraction of the annualized reduction in dissolved TCE mass and the estimated
TCE mass flux from the vadose zone from the total annual mass removals by off-Site extraction

wells yields an estimate of the TCE mass derived from the Upper Aquifer soils.

In order to make these TCE mass removal estimate calculations an area of active groundwater
extraction, consisting of the OU#3/MA-A off-Site plume areas within the hydraulic control of off-
Site extraction wells, needs to be defined. As shown on Plate 5-5, for the purposes of these
calculations the OU#3/MA-A IRM plume area has been subdivided into three groundwater
remediation areas, including: the OU#2 remediation area consisting of the mass flux crossing North
Street that is captured by extraction well EN-284P; the active extraction remediation area consisting
of the OU#3/MA-A off-Site plume areas within the hydraulic control of off-Site extraction wells
(including the southern portion of the extraction limits of EN-284P); and the passive remediation
area consisting of the portion of the OU#3 Southern Area outside the limits of hydraulic control of

off-Site extraction wells. Using the active remediation area shaded in green on Plate 5-5,
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calculations of the estimated sources of the mass removed by the off-Site extraction wells are

summarized in the following table (Table 5-2) and graphed on Figure 5-5.

Table 5.2 Estimated Sources of TCE Mass Removal, Active Remediation Area on Plate 5-7
Annual TCE Mass Annualized Annual TCE Mass Annual TCE Mass
Year Removal By Reduction in Flux from Vadose | Derived for Aquifer
Groundwater Dissolved TCE Mass Zone** in Active Soils in Active Area
Extraction* (Ibs) in Active Area (Ibs) Area (Ibs) (Ibs)
2004 58 - 22 -
2008 48.7 0.6 7.0 41.1
2012 48.8 0.4 3.8 44.6
2013 31.1 4.1 3.4 23.6
2014 11.0 3.8 2.9 4.3
2015 2.9 0.3 2.1 0.5
2016 2.2 0.2 1.9 0.1
2017 2.0 -0.2 2.1 0.1
*Data for 2004 through 2014 include a component of mass removal from extraction well EN-284TD/P.
**Estimated TCE mass flux via recharge from vadose zone pore water with 20 inches/year precipitation.

As shown in Table 5-2 and on Figure 5-5, much of the TCE mass extracted from the active
remediation area between 2004 and 2013 is derived from Upper Aquifer soils. By 2014, the amount
of mass estimated to be sourced from aquifer soils is much less and only slightly higher than the
mass estimated to be derived from TCE-containing recharge of vadose zone pore water. Between
2015 and 2017 the mass removed via extraction wells is estimated to primarily be sourced by TCE-
containing recharge from the vadose zone. The decline in mass sourced from aquifer soils in 2015
through 2017, about six to seven years after the start of clean water injection operations and about
one to two years after much of the dissolved TCE plume had been eliminated, is generally
consistent with the spherical diffusion modeling that suggested it would take a minimum of three
years to remove about 50 to 75 percent of the TCE mass for the aquifer soils. The estimates of TCE
mass flux from vadose recharge in Table 5-2 are posted on the TCE soil vapor contour maps on
Plate 5-3. The estimated contribution of TCE from the vadose zone has generally declined at a
slower rate than the mass derived from aquifer soils and it is now estimated to be the primary source

of the mass being removed by extraction wells in the OU#3/MA-A IRM plume area.

Overall, the estimates indicate de minimis TCE mass flux is derived from any of the potential
sources contributing to the TCE mass removed by the off-Site groundwater extraction wells. In
particular, the aquifer soils are no longer considered a significant source to dissolved TCE
concentrations in groundwater. The estimates indicate that over the past three years the majority of

the TCE mass removals by the off-Site extraction wells are sourced by pore water recharge from the
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vadose zone at a rate of about 2 pounds per year. The rate of the mass flux from the vadose zone
has become asymptotic and is expected to decline slowly as TCE mass stored in the vadose zone
dissipates passively via natural processes. In light of the vadose zone being the primary sourcing
for the limited remaining TCE mass, the enhanced extraction and clean water injection efforts are
no longer providing a meaningful benefit of enhancing mass removal rates in the OU#/MA-A

plume area or maintaining IRM goals.

5.2.5 Results of Soil Profiling

Soil profiling consisting of the collection and analysis of outwash sand & gravel and lacustrine silt
soil samples was performed in October 2007, May 2010, and January 2017. The purpose of the soil
profiling was to assess changes in VOC mass storage in vadose zone and saturated zone soil located
in different portions of the OU#3 and MA-A off-Site plume area. The scope of the soil profiling
included continuous soil sampling with gradation analyses, physical property testing, moisture
content analyses, upper lacustrine silt piezometer installations, and VOC analyses. Specific
objectives of the soil profiling were to provide detailed characterization of: 1) the stratigraphy of the
vadose zone and saturated zone glaciofluvial outwash and the upper portion of the underlying
glaciolacustrine silt; 2) soil properties of the glaciofluvial outwash and glaciolacustrine silt soils to
support further understanding of the potential rates for VOC mass flux from vadose and saturated
zone soils; 3) vertical hydraulic gradients between the base of the Upper Aquifer and the upper
portion of the lacustrine silt aquitard; and 4) temporal changes in the nature and vertical extent of
VOCs in soil in different portions of the OU#3 and MA-A off-Site plume area during the

implementation of the enhanced plume reduction IRM.

The scope of the VOC analyses of the soil samples included analysis by EPA SW-846 Method
8260C to provide “soil-to-groundwater” concentration results and analysis by Microwave Assisted
Extraction (MAE) to provide total VOC concentration results. Gravel-sized soil samples were
crushed in the field prior to the MAE analyses while silt and sand-sized particles were uncrushed.
The VOC analyses by 8260C were conducted during all three soil profiling investigations while the
MAE analyses were conducted on soil samples collected in 2010 and 2017. Detailed descriptions
of the soil profiling field investigation methods, including a brief summary of the work scope and
rationale for each of the profiling locations and maps showing the soil profiling locations are

provided in Appendix F.1. Soil profile boring logs are provided in Appendix F.2. A tabular
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summary of the scope of the physical and chemical soil analyses, physical and chemical analysis

data tables, and laboratory reports are provided in Appendix F.3.

Soil profiling results for the VOC analyses are shown on Plate 5-6. The plate includes graphs
depicting TCE concentrations on a log scale in pg/kg versus depth on a linear scale in feet. The
concentration versus depth profiles shown on Plate 5-6 include the four soil sampling locations
where two or three rounds of sampling were performed. The top row of graphs depict the results of
SW-846 8260C (soil-to-groundwater) analyses, the middle row of graphs depict the results MAE
(total VOC) analyses on uncrushed (silt- and sand-sized) samples, and the bottom row of graphs
depict the results of MAE (total VOC) analyses on crushed (gravel-sized) samples. Location-
specific depth to water table reference lines are included on the graphs to assist in delineating
vadose zone and saturated zone samples for each sampling event and relative to historical milestone
water levels. Each graph also includes TCE concentration reference lines depicting the NYSDEC
soil-to-groundwater cleanup standard for TCE of 470 pg/kg and a Site-specific soil-to-groundwater
cleanup value of 22.5 pg/kg, calculated using Site-specific foc and TCE sorption coefficient values.
The other most prominent VOCs detected in the soil samples were PCE, TCA, and c12DCE. None
of the detections for these three compounds were above their respective NYSDEC soil-to-

groundwater cleanup standards.

As indicated on the upper row of graphs on Plate 5-6, a comparison of the 2007 TCE
concentrations for soil (shown as purple squares) and the 2017 TCE concentrations for soil (shown
as green circles) indicates a decline at each of the four locations. All of the 2017 results are below
the Site-specific soil-to-groundwater cleanup standard, with the majority of the results being non-
detect (plotted on the y-axis as 1 pg/kg). The results even indicate a significant reduction in TCE
concentrations in the upper portion of the silt, likely due to vertical downward advection of clean
water at the base of the Upper Aquifer. These findings are consistent with the attainment of the
TCE NYSGQS of 5 ug/L for groundwater in the area of these four soil profile locations over the

past three to seven years.

The results of MAE analyses of uncrushed silt- and sand-sized samples shown on the middle row of
graphs on Plate 5-6, indicate an overall decline in total TCE concentrations between the samples
collected in 2010 and the samples collected in 2017 at the EN-438, EN-215, and EN-401 locations.

The decline in total TCE concentrations during the nearly seven years of enhanced plume reduction
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operations is consistent with the results of spherical diffusion modeling that predicted reduction of
mass from the finer silt- and sand-sized fraction of the Upper Aquifer soils would occur over a

period of months to years rather than decades.

The results of MAE analyses of crushed gravel-sized samples shown on the bottom row of graphs
on Plate 5-6, indicate a general lack of a discernable trend between total TCE concentrations for the
samples collected in 2010 and the samples collected in 2017 at the EN-438, EN-215, and EN-401
locations. The lack of a discernable trend in total TCE concentrations during the nearly seven years
of enhanced plume reduction operations is consistent the results of spherical diffusion modeling that
predicted reduction of mass from the coarser gravel-sized fraction of the Upper Aquifer soils would
occur over a period of decades. Results of a further review of the MAE analyses of uncrushed and
crushed sand and gravel samples are shown on Figure 5-6. The figure provides graphs of PCE,
TCE, TCA, and c12DCE soil concentrations in pg/Kg versus grain size in millimeters (mm).
Results of MAE analyses for samples collected in 2010 are depicted in purple and results of MAE
analyses for samples collected in 2017 are depicted in orange. A review of these graphs provides

the following insights regarding VOC mass removal from Upper Aquifer sand and gravel soils.

e The highest VOC concentrations were detected for TCE, followed in descending order
by PCE, TCA, and then c12DCE.

e The TCE, TCA, and c12DCE total mass detections are generally higher for the coarse-
textured crushed samples than the fine-textured uncrushed samples as expected from the
results of spherical diffusion modeling.

e Analysis of the finer sand-sized (uncrushed) samples indicates a decline in PCE, TCE,
and TCA concentrations between 2010 and 2017, whereas a trend in concentration could
not be discerned for the coarser gravel-sized (crushed) samples.

e The lack of a detection of the low sorption coefficient compound c12DCE in the finer
sand-sized samples supports the inference that sorption and intragranular sorption-
retarded diffusion serve a significant preferential role in retaining the TCE mass (as well
as the PCE and TCA mass) in the aquifer solids, as opposed to cI2DCE with its
comparatively low sorption coefficient.

Overall, the soil profiling results indicate the OU#3/MA-A plume reduction IRM has significantly
reduced the mass in the upper portion of the lacustrine silt, the Upper Aquifer saturated zone, and
the vadose zone. In 2017, results of soil analyses by EPA Method SW-846 8260C did not detect
concentrations of TCE or other plume constituents above applicable soil-to-groundwater cleanup

standards. The MAE analyses of uncrushed silt- and sand-sized particles and crushed gravel-sized
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particles were consistent with results of spherical diffusion modeling that predicted removal of TCE
mass under clean water injection conditions in a period of months to years for silt- and sand-sized
particles and decades for gravel-sized particles. The overall decline of the total mass is the soil has
resulted in significant declines in chemical mass transfer gradients and greatly reduced the rate of
mass flux from soil to groundwater. As such, the remaining TCE mass detected in the soil samples

is not expected to be of concern for maintaining the IRM goals and milestones.
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6 FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The past 13+ years of OU#3/MA-A plume reduction IRM activities have been successful at
achieving the IRM goals of:

1. Attaining groundwater standards (NYSGQSs) to the extent practicable; and

2. Reducing the footprint and concentrations of the plume of VOCs south of North Street,
in particular for TCE.

To accomplish these goals, it was necessary to continue to hydraulically control sources of
groundwater contamination north of North Street; to eliminate, to the extent practicable,
groundwater chemical flux crossing beneath North Street; and to accelerate the rate of plume
reduction south of North Street via enhanced groundwater extraction and clean water injection. The
specific milestones for the plume reduction effort as referenced in the AOC and stated in the SGA
Final Report were to reduce the mass of TCE in groundwater within Off-Site Capture Area A and
the Southern Area (OU#3/MA-A) by 50% in five years and by 80% in ten years. The following
subsections provide a summary of pertinent findings and conclusions regarding the achievement of
the IRM goals and milestones, the multiple lines of evidence that support the conclusion that the
IRM plume reduction operations are complete, and recommendations for post-IRM operations and
monitoring to be maintained as institutional and engineering controls for maintaining the cleanup of

the OU#3/MA-A off-Site plume area.

6.1 Achievement of IRM Goals and Milestones

Pertinent findings and conclusions regarding the achievement of OU#3/MA-A off-Site plume area

IRM goals and milestones are listed below:

1. The IRM was successful in achieving control of the groundwater chemical flux crossing
North Street. Over the past four years this control was achieved solely with the
operation of groundwater extraction wells EN-284P and EN-491T.

2. The IRM has been successful in achieving the goal of attaining groundwater standards,
to the extent practicable. TCE concentrations throughout the majority of the off-Site
plume area have been reduced below the NYSGQS of 5 pg/L, with average TCE
concentrations calculated for the past four years of 2.3 pg/L in 2014, 1.5 pg/L in 2015,
1.4 pg/L in 2016, and 1.1 pg/L in 2017. NYSGQSs for other principal constituents of
the plume were substantially attained for the OU#3/MA-A plume area in 2012 or earlier.

3. The IRM has been successful at reducing the footprint of the off-Site VOC plume area.
The footprint of the OU#3/MA-A VOC plume area, beyond the area used for control of
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groundwater chemical flux crossing North Street, has been virtually eliminated since
2014.

4. The IRM milestone goals of reducing the mass of TCE in groundwater within
OU#3/MA-A by 50% in five years and by 80% in ten years were achieved ahead of
schedule. The 50% milestone was achieved in two years and the 80% milestone was
achieved in eight years. Continued implementation of the OU#3/MA-A plume area IRM
resulted in further improvements for about two years, but monitoring results over the
past three years support the conclusion that the OU#3/MA-A plume reduction IRM is
complete.

6.2 Multiple Lines of Evidence for IRM Completion

The results of detailed analyses of numerous plume reduction metrics serve as multiple lines of
evidence that the IRM plume reduction operations are complete and that certain remedial measures
are no longer necessary or beneficial to maintain the IRM goals. Pertinent findings and conclusions
regarding of the plume reduction metric analyses that support the overall conclusion that the plume

reduction IRM is complete are listed below:

1. Reductions in the TCE mass dissolved in groundwater and the average TCE
concentrations have ranged between 98% and 99% over the past three years. These
asymptotic trends in recent plume reduction progress indicate the rate of mass transfer of
the remaining TCE mass in soil to groundwater via reverse diffusion and desorption are
slow, rate-limited processes that are no longer considered to have a meaningful effect on
maintaining plume reduction goals.

2. A comparative analysis of TCE concentrations in groundwater and deep vadose zone
soil vapor indicates substantial declines in TCE vapor phase mass in the vadose zone
during the initial eight years of the OU#3/MA-A plume reduction IRM, apparently in
direct response to reductions in groundwater concentrations; however, since 2013, the
rates of decline in deep vadose soil vapor and equilibrium pore water concentrations
have been out of phase with the rate of decline of TCE in groundwater. This supports
the conclusion that the IRM activities over the past three to four years have had a
minimal effect in further reducing TCE vapor phase mass in the vadose zone and in
further reducing vapor intrusion potential.

3. The mass removal rates for TCE and the other principal plume constituents are
asymptotic over the past few years, indicating the enhanced extraction and clean water
injection efforts are no longer providing a meaningful benefit at enhancing mass removal
rates in areas of the OU#/MA-A plume controlled by the groundwater extraction wells.

4. An analysis of potential sources contributing to the TCE mass removed from off-Site
groundwater extraction wells indicates that over the past three years the majority of the
TCE mass flux is sourced by TCE dissolved in pore water recharge from the vadose
zone at a rate of about 2 pounds per year. The rate of this limited mass flux from the
vadose zone has become asymptotic and is expected to decline slowly as TCE mass
stored in the vadose zone dissipates via natural processes. As such, the enhanced
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extraction and clean water injection efforts are no longer providing a meaningful benefit
of enhancing mass removal rates in the OU#/MA-A plume area or maintaining IRM
goals.

5. Results of soil profiling indicate the OU#3/MA-A plume reduction IRM has
significantly reduced the mass in the lacustrine silt, the Upper Aquifer saturated zone,
and the vadose zone. The overall decline of the total mass in the soil has resulted in
significant declines in chemical mass transfer gradients and greatly reduced the rate of
mass flux from soil to groundwater. Analysis of soil by EPA Method SW-846 8260C
indicated none of the soil samples collected in January 2017 exhibited detections of TCE
or other plume constituents above applicable soil-to-groundwater cleanup standards. As
such, the remaining TCE mass in the soil is not expected to be a concern for maintaining
the IRM goals and milestones.

6.3 Post-IRM Recommendations

In light of the above-listed findings and conclusions, we recommend the plume reduction IRM
operations be replaced with post-IRM operations by the end of 2017. The recommendations for
post-IRM operations that are believed to be necessary to maintain the achievement of the

OU#3/MA-A plume reduction IRM goals include:

e Continued operation of groundwater extraction wells in the railroad corridor source area
to control sources of groundwater contamination north of North Street.

e Continued operation of groundwater extraction well EN-284P to maintain control of
VOC mass flux crossing North Street that originates in the western, central, and eastern
portions of the OU#2: North Street Area.

e Continued operation of groundwater extraction well EN-491T, if necessary, to
supplement extraction well EN-284P in maintaining control of VOC mass flux crossing
North Street that originates in the eastern portion of the OU#2: North Street Area.

e Continued groundwater monitoring in accordance with the NYSDEC-approved
Groundwater Monitoring Plan (GMP), with reporting of the monitoring results in
semiannual and annual reports.

e Continued soil vapor monitoring in accordance with the NYSDEC-approved Soil Vapor
Monitoring Plan, with reporting of the monitoring results in annual reports.

Operation of extraction well EN-284P and, if necessary, extraction well EN-491T could possibly be
supplemented by operation of a third extraction well, such as EN-194, EN-215T, or EN-447T, in
order to maintain inward hydraulic gradients in the Upper Aquifer towards the former plume area in
OSCZ-A. The overall, post-IRM operating goals of these remaining off-Site groundwater
extraction operations would be to maximize control of the VOC mass flux crossing North Street

while maintaining hydraulic capture and control of the former plume area in OSCZ-A.
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Results of groundwater modeling simulations performed by Stanley Feenstra, Ph.D. of Applied
Groundwater Research, Ltd. are presented on Plate 6-1. The modeling was performed to provide
projections of the potential extent of hydraulic capture under two operating scenarios. The first
scenario shown on the left-hand side of Plate 6-1 consists of projected water level conditions with
operation of EN-284P and EN-491T. The second scenario shown on the right-hand side of Plate
6-1 consists of projected water level conditions with operation of EN-284P, EN-491T, and EN-
215T. As shown on the plate, the combined withdrawals for both simulations provide sufficient
hydraulic control of the area of North Street near the central portion of the Site, with inward
hydraulic gradients extending well beyond the former limits of the MA-A portion of the off-Site

plume.

The proposed implementation of the post-IRM operations would include termination of clean water
injection operations upon receipt of approval from the Agencies to the above listed
recommendations, followed by sequential termination of groundwater extraction wells not included
as part of the proposed post-IRM operations. Assuming approval is received from the Agencies by
the end of 2017, additional water level monitoring rounds would be performed in 2018 as
supplements to the GMP water level monitoring to verify the proposed post-IRM operations
maintain control of the groundwater VOC mass flux crossing North Street and to provide empirical
data to support a decision as to whether or not operation of EN-491T, and possibly a third extraction

well to supplement well EN-284P is warranted.
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Plate 3-1.1 - Overview of Fate and Transport Mechanisms
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Plate 3-1.2 - Three-Phase System At and Above the Water Table

Plate 3-1.3 - Average Grain Size Distribution - Upper Aquifer Saturated Zone
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Plate 3-1.4 - Results of Spherical Diffusion Modeling

Estimated Mass Exchange Times for Particles 1.2 mm and Larger
Based on spherical diffusion model with aquifer average sorption*
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Introduction

The purpose of the Phase 2 testing was to determine site-specific carbon-content normalized partition
coefficient values at variable concentrations (Koc,cw) for trichloroethylene (TCE), the predominant
chlorinated volatile organic compound (cVOC) found in the groundwater plume in OU#2, MA-A, and
OU#3. The results will be used to assist in interpretation of plume concentration reduction trends resulting
from groundwater remediation and to improve estimates of the TCE mass in the region of the dissolved
plume. The TCE masses associated with past, present, and future (lower) solution concentrations are of
interest and experiments over a range of TCE concentrations relevant to the plume concentrations over time
were completed. The data can also be used to estimate the fraction of the TCE mass that is sorbed.

In order to improve understanding of the site specific sorption process, TCE sorption was determined for
lithocomponents isolated from the field samples. Additionally, the carbonaceous matter (CM, noncarbonate
carbon-containing material, often but not always synonymous with organic matter) was characterized.
Identifying sorption for different lithocomponents is an important step towards accurately characterizing
mass storage and is also critical information for clean-up time prediction.

Our rationale for examining sorption to lithocomponents follows and builds on the logic of Kleineidam et al.
(7). These compared the sorption of phenanthrene, a polyaromatic hydrocarbon that has a lower solubility
and higher octanol-water partition coefficient than TCE and PCE (perchloroethene), to lithocomponents
separated from Quaternary gravel deposits with likely source rock fragments for valleys in Germany and
Switzerland (7). In their study, as in this project, the provenance for the recent sediments includes
sedimentary rocks of marine origin. They (7) found greater Koc in dark sedimentary (sandstone and
carbonate) lithocomponents compared to other lithocomponents in gravel-sized grains (7). They also
concluded that equilibrium sorption isotherms by lithocomponent were independent of grain size for grains
> 2mm (7).

The specific tasks comprising this study were:

1. To determine site-specific TCE sorption over the approximate concentration range of Sug/L to 5000
ug/L with experiments suitable for developing sorption isotherms.

2. To determine if there are competitive sorption effects where, for example, the presence of
perchloroethene (PCE) reduces TCE sorption and thus significantly affects estimates of TCE mass.
Selected samples were used for these evaluations.



3. To determine whether nonequilibrium has a substantive effect on the sorption isotherms determined
using a seven-day contact time in tasks 1 and 2.

4. To evaluate the types of carbonaceous matter (CM) at the site. In selected samples of differing
textures, humic and thermally-altered CM were isolated and quantified. Microscopic examination
identified the different forms of CM.

5. To determine the relative importance of TCE sorption by different lithocomponents isolated from
site samples to the overall sorption of TCE. These data can be used to evaluate the sorbed mass
storage of TCE and may be useful for future remediation design.

For this study, sediment samples were collected from three locations within the plume area that are also
targeted for sediment profile sampling. A total of six sediment samples were selected from the cores to
represent the sand and gravel, sand, and basal silt and clay units (termed ‘sand & gravel, sand, and silt’
throughout this report). Two samples from each unit were used in this study.

The number of aqueous concentration levels for isotherm determination was increased and the number of
replicates decreased for the Phase 2 testing compared to the Phase 1 testing. The increased number of
aqueous concentration levels reduces unquantified sorption isotherm uncertainty and thereby improves the
accuracy of sorption estimates for intervening aqueous concentrations. The lower portion of the target
aqueous concentration range reflects concentrations > 5ug/L cutrently observed in the plume. The target
concentrations were distributed at approximately equal intervals in log-space. The two higher target
concentrations (1500 pg/L and 5,000 pg/L) reflect higher values that currently exist in the area of
groundwater flux crossing North Street. The reduced number of replicates is supported because the
reproducibility of the test methods exhibited in the Phase 1 testing was good. The relative standard deviations
(i.e. SD/mean) of the PCE Kycw measurements ranged from 1.5% to 13.8% with an average of 4.9%. The
sorption distribution coefficient (Kycw ) for apolar and monopolar organic compounds can vary with
dissolved concentration and it is explicitly defined here as the ratio of the sorbed concentration (¢;) to
solution concentration () at a patticular solution concentration, Kyciw = ¢: /G, where 7 designates the
compound of interest.

Materials and Methods

Approach

With the goal of developing sorption isotherms, batch experiments were completed to measure the TCE Ky cw
at the University at Buffalo in the Hydrogeochemistry Laboratory of the Department of Geology. At each
target concentration (13 pg/L, 32 ug/L, 80 ug/L, 200 pg/L, 500 pg/L, 1600 ug/L, and 5,000 ug/L) for each
of the supplied samples, Ky was measured in duplicate. Because the variation in the magnitude of sorption
among samples affects the TCE phase distribution and equilibrium solution concentration, the ‘target’
concentrations listed were considered approximate.

Co-solute competition batch experiments were also completed on two samples, one each silt and sand &
gravel, using solutions containing both TCE and PCE. Measurements were completed at two target PCE
concentrations (10 pg/L and 100 pg/L) and a wider range of TCE target concentrations (13 ng/L, 32 ng/L,
80 pg/L, 200 pug/L, and 500 ng/L). Again, the target concentrations listed were considered approximate and
the analyses were performed in duplicate.

To aid in the interpretation of experimental sorption results, the carbon present in the sediment samples was
characterized. The fraction organic carbon (foc) content was measured for all samples. In three samples, one
of each textural designation, a chemical isolation procedure was used to compare the proportions of different
types of CM, broadly defined, in the sediments. Finally, four samples, two each silt and sand & gravel, were
submitted to an outside laboratory for petrologic analysis to identify the types of the CM.



Samples and Preparation

Two samples of each of three different sediment textural designations, for a total of six samples, were
supplied for study in sufficient quantities to allow preparative (referred to as screening) experiments and
measurements. The sample numbering system includes the boring number followed by the shallowest value
of the depth range in feet (e.g. 215-27: borehole number-depth). Samples supplied for the project contained
detectable concentrations of TCE, PCE, and other regulated organic contaminants, as reported by GSC.
Sample colors, according to the Munsell chart, are listed in Table 1. Following receipt, between 10/12/07 and
12/6/07 depending on sample, samples were stored in the containers received at 4 °C until removed for
sample preparation (1 — 24 days depending on sample).

In preparation for measurements, samples were allowed to air dry in glass pans in a fume hood. Samples were
further dried at low temperature (40 °C) for 1-4 days. Each sample was dry sieved through 2 and 12.5 mm
screens (Table 1). The medium and coarse pebbles (>12.5 mm diameter) were excluded from sorption
experiments because these materials are not generally included in sediment samples for VOC analysis. The <2
mm fraction of each sample was homogenized and riffle-split to obtain representative subsamples. Samples
were pulverized for 45 seconds in a shatter box with alumina bowl to reduce reaction times. Representative
subsamples of the 2-12.5 mm grains were obtained by piling and quartering. The subsamples were then
broken with a rock hammer to reduce the grains to <2 mm diameter prior to pulverization. Following
pulverization, powders of the <2 mm and 2-12.5 mm grains of each sample were re-mixed in proportions
identical to the proportions in the bulk sample, exclusive of the >12.5 mm material.

It was determined that the initial ambient and low-temperature sample drying was not adequate to remove
background PCE and TCE to sufficiently low concentrations. Additional sample venting of pulverized
sediments was undertaken and PCE and TCE were monitored over time. Pulverized sediment was vented in
a fume hood at ambient temperature for 220 hours (approximately 9 days) and analyzed for PCE and TCE
loss. Results (data not shown) indicated a reduction in concentration, but concentrations remained too high
for the experiments to proceed and the loss rate was too slow. Additional venting was performed with the
pulverized sediments at 55 °C for 279 hours (approximately 12 days) with frequent mixing. Another decrease
in TCE and PCE concentrations was observed in analyzed samples, but, again, the rate was too slow to meet
the project objectives in a timely manner. Finally, the pulverized sediment was vented at 55 °C in ovens with
humidity for an additional 8-21 days. The humidity was generated from large open pans of water that were
maintained on the bottom of the ovens. Following venting, the samples were dried (low humidity) and stored
in glass jars with screw-cap lids until used for characterization of CM, background concentration
determination, foc measurements, and batch sorption experiments.

Organic Carbon Fraction (f.c)

All foc measurements were conducted in duplicate using pulverized sample. For each sample, duplicate
aliquots (3.00 g) were weighed into individual beakers and treated with 2 M hydrochloric acid (HCI) with
gentle mixing for 24 hr to remove carbonate minerals. Following acidification, samples were vacuum filtered
onto precombusted glass filters and rinsed with approximately 750 mL of NANOpure® water, transferred to
ptecombusted analytical boats, and dried at 40 °C. The foc was determined using high temperature (950 °C)
dry combustion under pure oxygen with CO» quantitation by coulometric detector (CM 5012; UIC Inc.).
Precombusted pulverized silica sand (950 °C) was treated identically to samples to determine the analytical
background and CaCOj was used as the analytical standard. The foc results are listed in Table 1.

Carbonaceous Matter Fractionation and Quantification

The CM was chemically isolated for the samples 215-27, 215-34, and 438-34 to determine the relative
contents of humic acid (HA) and thermally-altered CM (e.g. kerogen and black carbon (KBC)). The
methodology for CM fractionation was based on Song et al. (2)and Jeong et al. (3). Samples were treated in
~10g aliquots. In total, approximately 200 g of each sediment sample was treated to obtain sufficient quantity
for the foc measurements of the isolated CM. Approximately 10 g of each sediment was placed in PVDF
(polyvinylidene difluoride) dialysis tubing (Spectrum Laboratories, Inc.) for acid treatment. Each sample was




treated with 6 M HCI for 24 hours to remove carbonates, and was rinsed with 2 M HCI. The HCI treated
samples were transferred to a PTFE (polytetrafluoroethylene) beaker and soaked in a mixture of 22 M
hydrofluoric acid (HF) and 6 M HCl at 60 °C for 24 hours. This step is to remove silicate minerals from the
sediments. After demineralization, the HF /HCI treated samples were washed with NANOputre® water and
then treated again with 6 M HCl at 60 °C for 12 hours to remove fluoride precipitates. The residual solid was
rinsed with NANOpure® water until being neutralized and dried at 60 °C overnight. In the next step, the
residue was solvent-extracted for 72 hours to remove the extractable organic matter and organic
contaminants. A mixture of methanol, acetone, and benzene was used for the solvent extraction at a
volumetric ratio of 2:3:5. After the solvent extraction, the isolated CM (now HA+KBC or HKB) was
vacuum-dried at 60 °C for 24 hours to remove the remaining organic solvents. After solvent extraction, the
HKB was base-extracted for 16 hours to dissolve HA into the solution using N gas purged sodium
hydroxide (NaOH) solution (0.1 N). The base extraction was repeated until the supernatant became colorless.
The NaOH solution was centrifuged at 2000 rpm for 40 min after base extraction. The solid residue (IKBC)
was freeze-dried and the supernatant was adjusted by 6 M HCl to pH ~1 for HA to be precipitated. The
acidified supernatant was centrifuged again and then the residue (HA) was freeze-dried.

The isolated samples were weighed to estimate mass recovery after each treatment step. The relative contents
of the isolated CM fractions (CM,) were computed from the total foc assuming no unaccounted losses by the
following equation:

f x M
CM, (Wt%) = —=M — M 100 (1)

foc,o X Mg

where, Mcyi and Mo are the weights of a given isolated CM fraction and the original sample from which CM
was isolated, respectively. The foc,aui is the foc of the isolated CM fraction, and foc,o is the foc of the original
sample.

Organic Petrography

Otrganic petrography was conducted in Laboratory Applied Organic Petrography (LAOP), Germany, to
characterize the CM in four samples: two each of silt (438-34, 401-40) and sand & gravel (215-27, 438-26). A
detailed methodology is described in Yang et al. (4). Briefly, the carbonate and silicate minerals were first
removed from the sediment samples by acid treatment (HCI and HF). Organic concentrates were embedded
in an epoxy resin and polished. The organic matter on the polished mounts were microscopically analyzed
with a Leitz DMRX-MPVSP microscope photometer under both of reflected white light and UV+violet-light
illumination (fluorescence mode) using a 50x oil-immersion objective. Polarized light in conjunction with a
lambda plate was used to characterize coke, char, pyrolytic carbon and anthracite. The identification and
classification of different organic and carbonaceous particles was based on the International Committee for
Coal and Organic Petrography (ICCP) classification system (5), and Ligouis et al. (6) and Yang et al. (4).

Batch Experiments
General Method

Pure PCE (99% min) and TCE (99.5% min) were purchased from Alfa-Aesar. Bromodichloromethane was
purchased as a solution and diluted in hexane for use as the internal standard for GC analysis. Hexane
(OmniSolv®, 95% min n-hexane, EMD Chemicals) was tested chromatographically by manufacturer lot for
peaks which could interfere with TCE and PCE analysis. Only interferent-free hexane was used for GC
internal standard and extraction from aqueous solutions. Methanol (99.8% min, BDH®) was used to prepare
stock solutions.

The aqueous solution (termed ‘synthetic groundwatet’) of NANOpure® water used in the batch experiments
contained sufficient calcium carbonate (CaCOs3) to limit dissolution of carbonate minerals during
experiments. The solution was prepared with 29.2 mg/L sodium chloride (NaCl) and 120.6 mg/L of CaCOs



dissolved by purging with carbon dioxide (COy), and neutralized by purging excess CO, with nitrogen (N2) to
pH ~ 8.3 as described in Divine (7).

The TCE and PCE K¢y were determined using a batch technique, similar to Allen-King et al. (§-9). The
method is based on the technique developed by Ball and Roberts (70) for measuring equilibrium PCE
sorption without loss of the volatile organic compounds in sandy aquifer sediment. The primary difference
between the methods of Allen-King et al. (§-9)and Ball and Roberts (70) is the approach to determining
solution concentration. Per Allen-King et al. (9), a GC with electron capture detector (ECD) was used to
measure the PCE and TCE concentrations rather than using radiolabeled compounds with analysis by
scintillation counting. The GC-based procedure eliminates the need to purify the radiolabeled compounds
and avoids the potential for errors that can be caused by radiolabeled impurities (77-72).

For all sorption experiments pulverized sediment was flame sealed into a glass ampoule (5 or 10 ml nominal,
Wheaton, depending upon the required sediment:water ratio) with a known volume of synthetic groundwater
and known mass of TCE and/or PCE (for competition expetiments). A known mass of VOC, either TCE or
PCE, was added through addition of a known volume of a quantitatively prepared methanolic stock solution.
For quality control and data analysis purposes, teplicated sediment-free control ampoules and initial PCE
and/or TCE mass vials (designated M, vials and containing 4 ml of the hexane extraction solution used for
analysis) were also amended with the stock solutions identically to the batch vials for each experiment. Seven
different initial TCE masses were added to the samples with a goal to achieve seven different equilibrium
sorbed concentrations per sample. The lowest target concentration experiments in the originally proposed
plan were omitted because the samples retained significant TCE background compared to the target
concentration. Two different PCE masses were added in the competition experiments to achieve two
different PCE concentrations separated by approximately one order of magnitude. The PCE additions were
3.4uL of 0.1140ug/ul. PCE stock solution for the low mass addition and 5.4uL of 0.6974ug/uL PCE stock
solution for the high mass addition. The quantity of methanol added was sufficiently low such that it would
not affect the sorption equilibrium (73). Duplicate batch systems were prepared for each sample/initial mass
combination and were sampled in duplicate to measure the aqueous concentration. The experiment numbers,
stock solution concentrations, volume of stock solution added to batch systems, system masses, and sample
volumes are listed in Table 2.

It is desirable to use a sediment:water ratio that results in a sorbed:total PCE and TCE mass fraction >~0.3
and retains the solution concentration within that of the instrument calibration. When mass fraction sorbed is
below approximately 0.3, relative error in the sorption coefficient determined can increase sharply (70). Prior
to completing sorption measurements, screening experiments were conducted to determine appropriate
sediment:water ratios to use in the experiments. Screening experiment results were used to estimate
sediment:water ratios that would produce appropriately high sorbed PCE and TCE mass fractions to result in
low relative errors in reported Kycw. The results of the screening experiments were also used to determine the
initial mass of PCE and TCE to add to the batch systems to attain equilibrium solution concentrations
proximal to the target concentrations. The 10-mL (nominal) ampoules were used for all samples for
Experiments 1-7C.

Pulverized sediment was used to speed attainment of sorption equilibrium. Ball and Roberts (70, 74)
determined that PCE sorption equilibrium (within one standard deviation of the ‘ultimate’ Ky cw value
obtained with a much longer contact period for the nonpulverized sample) was obtained for a pulverized test
sample from the well known Borden aquifer within 72 hours of contact time. Further, they (74) found that
pulverization did not otherwise affect the equilibrium PCE sorption observed. We employed this general
approach. The sediment was pulverized in a shatter box with alumina bowl (75). The ampoules were
continuously rotated at approximately 5 rpm prior to sampling and mixed rigorously on a vortex mixer once
per day to ensure complete mixing within each system (e.g. no sediment stuck in a relatively stagnant portion
of the vial) for all experiments.

Following the contact time (seven days for all except nonequilibrium experiments), the batch systems were
centrifuged for 40 minutes at 700g relative centrifugal force. An aliquot of the supernatant, sampled via gas-



tight syringe, was transferred into a vial where the dissolved PCE and/or TCE were extracted into hexane
containing bromodichloromethane as an internal standard. In order to accommodate a wide concentration
range, sample volumes were varied following an approach used previously in our lab (76-77) (Table 2). The
PCE and TCE concentrations in the hexane extraction solution were measured by GC/ECD (HP6890,
Hewlett Packard).

Background Concentration Determination

In order to accurately describe sorption isotherms, the presence of existing TCE and PCE in the sediments
must be quantified. Background was quantified in two ways: aqueous-extractable concentrations were
determined in parallel with batch experiments to assess background contributions of TCE and PCE apparent
in the aqueous phase of batch experiments; total TCE and PCE in sediment were measured using methanol
extractions. Note that all of these measurements were completed for the vented powdered samples used in
the experiments.

Aqueous Desorption (B,)

Background measurements of detectable PCE and TCE in the samples were completed along with the batch
experiments in Experiments 4, 8A, and 8B. These measurements consisted of batch systems that were the
same as the sorption vials (e.g. same amount of pulverized sediment, water, and air phase), but without any
PCE or TCE amendment.

Portions of pulverized sediment (equal in mass to those used in batch sorption experiments discussed later)
were flame sealed into 10-mL glass ampoules with known volumes of synthetic groundwater and headspace.
After constant rotation in the dark and daily vortexing to insure mixing, aliquots of the aqueous phase were
taken and extracted into hexane for GC-ECD analysis following the procedures described in the batch
experiment method section.

Total Sediment Concentration

For total-concentration determinations, pulverized sediment (1-5g depending on sample) was combined with
6-mL of methanol in glass vials. These were allowed 10-days of mixing to extract sediment-bound TCE and
PCE into the methanol. In a solvent-exchange step, 3 mL of methanol sample was added to 55 mL of water
and 1.2 mL of hexane and mixed with glass beads overnight on an orbital shaker. The hexane layer was
sampled and analyzed directly by GC-ECD. Sediment samples were extracted in duplicate, sampled in
duplicate, and recovery in the solvent-exchange step was corrected by use of TCE and PCE-spiked controls.
In addition, laboratory blanks and the Sarnia laboratory-control sediment were processed along side samples.

Data Analysis

The sorbed concentration (¢) was determined for each compound by a mass balance approach from
measurements of the total mass added to each batch system (M), observed solution concentration in aqueous
phase (Cy), and observed total initial sediment concentration (go),
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The volume of water (1) and mass of sediment () was determined gravimetrically. The air volume (1) in
each ampoule was computed as the difference between the measured average total ampoule volume and the
known water and sediment volumes. The sediment volume was estimated from the mass of sediment added
to each vial assuming a solid density typical of silicate minerals, 2.65 g/cm3. We assumed literature values for
the dimensionless Henry’s Law constants (H) appropriate to laboratory temperature (0.33 for TCE, and 0.61
for PCE (78). Mass losses from each batch system were assumed negligible because we used a flame-sealed
glass ampoule.

Log-transformed data were fit using a linear regression to determine the Freundlich sorption coefficient (Kp)
and slope (#), defined according to Eq (3).
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The ideal adsorbed solution theory (IAST) (79) was used to predict aqueous and sorbed phase concentrations
for sorption competition in a two-solute (7+7) system. Briefly, the aqueous phase concentration for solute, 7
in a binary system can be expressed by
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where ¢r is total sorption in a binary system, and the Freundlich parameters (K, #) are from individual single-
solute isotherms for each solute. Eq (4) is applicable to either solute, (4/) and is combined with Eq (2) to
predict sorbed phase concentration in a binary solute system, according to McGinley et al. (79).
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In order to model competition in the batch systems, the initial mass of each solute added to the system
((Moy)"m) was adjusted to include the solute mass added with the sediment ((Mo,;) "= gi,07z). The sorbed phase
concentrations were predicted using the initial TCE and PCE masses. Eq 5 was solved for both solutes
simultaneously using EXCEL solver. was solved by a Newton-Raphson algorithm. Corresponding aqueous
phase concentrations were computed by Eq (4).

Nonequilibrium Testing

Two contact-time intervals were compared at two different TCE system masses. Batch experiments with
samples 215-27 (sand & gravel) and 438-34 (silt) were initiated following a similar methodology as described
above (see Batch Experiments). One set of experiment systems was sampled after 7-days of contact time
(replicating the standard protocol) and a like set was sampled after 28-days of contact time. A low and high
TCE system mass were selected to mimic low and high portions of the developed TCE isotherms. The stock
solution concentrations, volume of stock solution added to batch systems, system masses, and sample
volumes are listed in Table 2 under experiment numbers 8A and 8B for low and high TCE system mass,
respectively. Following the standard protocol, all systems and conditions (TCE mass addition and contact
period) were completed in duplicate. Background measurements of detectable TCE in the samples were
completed along with the batch experiments.

Lithocomponent Experiments

Representative portions of the two sand and gravel samples (215-27 and 438-26) were dry-sieved in nine size
increments to determine grain-size distribution. Each size portion was examined to determine the lithology
except for the smallest size fraction (<0.42mm), which was deemed too small for visual examination.
Observations included clast type (mineral or rock fragment), dominant composition, shape, intra-granular
composition, and relative abundances of each clast type. A hand lens magnifier, scanned images, and dilute
HCI were used. Abundances were based on visual estimations.

From sample 215-27, 4-7.93mm clasts were divided into five lithocomponents: carbonate-rich siltstone, dark
sandstone, light sandstone, siltstone, and igneous and metamorphic. Each lithocomponent, except for the
igneous and metamorphic group, was broken with a hammer and then pulverized in preparation for batch
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sorption experiments. The procedures to prepare samples for the lithocomponent sorption experiments were
generally the same as applied to other Phase 2 work except that only ambient and low-temperature sample
drying was performed. The batch sorption experiment procedure was generally the same as applied in the
sorption tasks described above except that only a single target concentration of ~250ug/L was used for the
lithocomponent experiments and the ampoule size was decreased to 5 mL nominal (approximately 7.9-mL
total volume). The smaller batch-system size reduced the sediment mass needed and was necessary because
limited quantities of the lithocomponents were available.

Quality Control Measures

We measured duplicate samples of each treatment (sample and solution concentration). Sediment free control
samples were measured for each PCE and/or TCE mass addition to ensure that we can account for total
system mass and have good control on air-phase mass in the ampoule system. Quality control measures
standard in our laboratory were employed throughout the work. For data management, these measures
usually included storing gravimetric data digitally as well as writing it in the notebook and checking all data
entry. Analytical quality control includes regular instrument calibration and analysis of appropriate check
standards and blanks with each set of analyses. This includes analysis of each of a low check standard, high
check standard, and blank for each 10 samples analyzed. Data between standards that fail to reproduce the
calibrated response were not retained in the results.

Finally, in addition to other usual quality control measures, we measured sorption of PCE and TCE to a
known sample (Sarnia silt, (described in Allen-King et al. (20))) along side each batch of test samples as a
check on laboratory procedures.

Results

Carbonaceous Matter Fractionation with Total Organic Carbon Measurements

The foc for all site samples are low with a range of 0.05-0.10%, and variable by textural designation (Table 1).
The silt samples (401-40, 438-34) show relatively greater foc (0.1%) than the sand (215-34, 438-12) and sand
& gravel samples (215-27, 438-26) ( foc = 0.05-0.06%).

The isolation of CM was conducted to characterize CM types and proportions in four sediment samples
(Table 3). The dominant CM type is thermally-altered CM (TACM) for all observed samples. The TACM
contents (=KBC) are approximately 60% of recovered foc for the sand & gravel (215-27) and sand (215-34)
samples. The silt sample (438-34) exhibit the most abundant TACM with 99% of foc in the KBC fraction.
This is consistent with the qualitative observation of no HA dissolution into NaOH solution for these
samples. The estimated CM recoveries (i.e. sum of fractionated CM contents) are 71% for 215-27, 83% for
215-34, and 99% for 438-34. It is useful to consider the impact of potential CM losses for sample 215-27
which exhibited the lowest CM recovery. The CM content for 215-27 measured after solvent extraction (i.e.
HKB fraction) indicates that 10% of the CM mass was either lost in the demineralization processing or
removed by solvent extraction. An additional 20% loss in the estimated CM recovery occurred in the base
extraction step for this sample. Based on these observations, we conclude that the CM fractionation results
may underestimate the true CM proportions and that especially the HA fraction may be affected in this
sample. Despite these recognized uncertainties, overall the results indicate that the CM is predominantly
KBC.

Organic Petrography

Organic petrography results by LAOP for each sample are shown in Table 4A—4D with photomicrographs
(Figure 1A—1D). We summarized here the organic petrography results following the analysis and
interpretation of Dr. Bertrand Ligouis at LAOP (Pers. Comm). This analysis provides information about the
CM types (termed macerals) that can be used to infer the environment in which the CM originated and the
diagenetic processes that have affected it. The very low CM contents and overall very fine grain size
combined with the methods to demineralize the samples require that the results are interpreted qualitatively




for these samples. Some CM particles were identified as potentially anthropogenic origin. Given the sample
context, anthropogenic CM contributions are considered unlikely, as described in Appendix A.

The most abundant maceral group was liptinite for all analyzed samples. Amorphous organic matter (AOM)
(i.e. bituminite) was a predominant CM form in the silt samples, 438-34 and 401-40, and was derived from
various sources (Table 1). Bituminite is synonymous with the general term AOM in organic geochemistry,
and is a major constituent, with vitrinite, of kerogen (insoluble organic matter in organic solvents) and coal
(21-23). The predominant condensed CM type identified in the two silt samples differed. Vitrinite commonly
occurred as small particles in 438-34, while 401-40 was rich in coaly particles. The range of CM types
observed in the sand & gravel samples, 215-27 and 438-26, were similar to the silt samples with predominant
dark grey AOM observed under reflected light. However, migrabitumen identified in the sand & gravel
samples indicated that some of AOM had higher maturity than the AOM in the silt samples. The condensed
organic components occurred with lower abundance in the sand & gravel compared to the silt samples.

The results show that most of the CM in the samples originated in a marine environment, although the
presence of microspores (i.e. sporinite) indicates some terrestrially sourced CM. The abundance of bituminite
in all studied samples suggested little terrestrial input (24). Such an appatent combination of sources is not
unexpected in a glacial outwash deposit that includes marine sedimentary rocks in the likely provenance, as
indicated in the bedrock of the New York State (i.e. limestone) near the field site (25).

The coaly particles in silt sample 401-40 cannot be from nearby bedrocks because there are no obvious coal-
bearing rocks within New York State near the field site. However, the small particle size (20 [l m) and
observation of fissures and cracks implies a strong impact of transport. We posit that the coaly particles were
potentially transported from adjacent coal-bearing strata of the State (e.g., Pennsylvanian coal beds of the
Appalachian basin (25).

Combining the results of the chemical extraction, organic petrography and lithocomponent characterization
provides the following insights:

O The chemical extractions determined that the predominant CM forms are KBC.

0 The organic petrography results showed that the most abundant macerals are bituminite in the sand
& gravel, and bituminite and vitrinite (or coaly particles) in the silt samples. Considering the rare
occurrence of natural coke and char in the analyzed samples, the predominant forms of TACM are
kerogen/humin and coaly patticles rather than black carbon.

O These results support the conclusion that the marine-derived (carbonates, siltstones)
lithocomponents are the primary source of CM to the aquifer and underlying aquitard.

Total TCE and PCE Concentrations

Total sediment concentrations of PCE and TCE were determined by methanol extraction (Table 5B), and
were used to correct the sorbed concentrations and Kyqcw measured in sorption experiments. TCE total
sediment concentrations were greater than PCE total sediment concentrations. The silt samples had the
greatest TCE total sediment concentrations (100—140 pg/kg), whereas other samples exhibited less (<30
ug/kg). Samples with the highest TCE concentrations also had the greatest proportion of TACM.

Aqueous extractions of TCE (without PCE, 7 day contact time) are listed in Table 5A. For the samples with
detectable or estimated aqueous concentrations, employing the total background mass (Table 5B) and water
volume and sediment mass (Table 5A), one can estimate that a low 4-10% of the total TCE mass was
extracted to aqueous solution during the 7 day contact period. This result demonstrates that water is a
relatively poor extraction solution for TCE in circumstances in which the sorption is high.

Nonequilibrium Sorption Measurements for TCE

To evaluate the impact of nonequilibrium on sorption measurements in the ‘main’ experiments, (TCE
measurements for all samples with a seven day contact time) a limited study comparing TCE sorption at two




contacts times and for two samples was completed. Sorption experiments were conducted for 7 and 28 days
using a silt sample (438-34) and sand & gravel sample (215-27) with three different initial TCE mass additions
(including no TCE mass added). The sorption results are plotted with TCE sorption isotherms of individual
textural designation in Figure 2 and are listed in Table 6. (An additional set of aqueous extractions of TCE
without PCE, 7 day contact time, are listed in Table 5A.) The sorption data points after 28 days exhibit
additional sorption (i.e. slow sorption reaction) compated to 7-day sorption at lower concentrations, Civ<25
ug/L, rather than at higher concentrations, Cyy <12,000 pg/L. In addition, the detected TCE aqueous
background concentrations after 28 days differ from the 7-day sorption data points (i.e. slow desorption)
(Figute 2). The trend of slow sorption/desorption equilibration is most significant for the silt sample at low
concentration. The comparison of the observed Kycw between 7 and 28-day sorption results (calculated as
(Ka,cw?day- Ky e 7da) / Ky ow?8d) shows a 33% increase of the Kycw at ~10ug/L for the silt and a 22% increase
at ~20pg/L for the sand & gravel sample. However, significant differences were not observed at the highest
concentration for either sample.

The 28-day sorption data points are used for the development of an isotherm for the silt sample to quantify
the impact of contact time. Because this sample exhibited the greatest difference between 7 and 28-day
results, we expect that it demonstrates the impact of non-equilibrium on these samples. The Freundlich
isotherm parameters are determined from log-transformed data and are listed in Table 7A. The Kycw
estimated from the 28-day sorption isotherm was compared with the observed Kycw values (14 total sorption
data points) over the full range of TCE aqueous concentrations, Cy=10-10,000 ug/L, measured in
Experiments 1-7 (7 day contact time, described further in following section). The observed 7-day Ky cw were
as much as 26% lower than 28-day isotherm estimates and the greatest difference occurred at the lowest
concentrations. The inconsistency decreased with the increasing dissolved concentration, and there was little
difference discernable for the five highest duplicate concentration points (Figure 2). The extrapolation of the
developed isotherms is relatively consistent with the TCE concentrations observed in background vials (no
TCE added) (Figure 2). Therefore, the TCE sorption isotherms for all samples were developed using the five
highest TCE mass additions (Experiments 3—7) to minimize the effects of nonequilibrium at low
concentrations. These are considered the best estimates of sorption isotherms from the data and are termed
‘5 point’ isotherms (Table 7B).

TCE Sorption Results for All Samples

The TCE sorption results for all samples are listed in Table 8(A). These are seven-day contact time results.
The sorption of TCE is concentration-dependent for any particular sample (Figure 3). Linear isotherms
estimated from the TCE Koc reported by EPA (26) and the site-specific foc are also plotted for context
(g=KocfocCy): these are termed ‘empirical estimates’. The sorption observed for all field samples is much
greater than the empirical estimates over the measured concentration range. The difference between the
observed sorption and empirical approach is most significant at the lower concentrations. The measured Kycy
at in experiment 3 are approximately 5-10 times greater than those observed at the highest concentration for
any sample. All TCE sorption isotherms (five points) are strongly nonlinear with Freundlich exponents ()
ranging from 0.46—0.58 (Table 7(B)). The nonlinear sorption behavior is most prominent for the silt samples
(401-40 and 438-34) compared to other samples.

The foc -normalized sorption coefficients (Koc,cw= Ka /foc) wete estimated for all samples at all of the
originally proposed target concentrations (Table 9). The estimated Koc,cw are more than 400 times, 100 times,
and 50 times greater than the reference TCE Koc of 94 L/kg reported by EPA (26) for the silt, sand & gravel,
and sand samples respectively. The TCE Koccw observed at low concentration for the silt samples are some
of the largest values reported for natural materials.

Competitive Sorption

The PCE sorption was measured for two samples of different textural designations (438-34 a silt, and 215-27
a sand & gravel) as background information for the competition experiments. The sorption results for PCE
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are listed in Table 8(B). The observed PCE Koc,cw (3,900-24,300 L/kg) are approximately one or two orders
of magnitude greater than the Koc for PCE (265 L/kg) listed by EPA (26).

The TCE and PCE isotherms from single solute-sorption measurements are shown using the solubility-
normalized concentrations (Cy/S) in Figure 4(A—C). The solubilities are 1100 mg/L for TCE (27) and 240
mg/L for PCE (28). For the Sarnia standard material, TCE and PCE sorption isotherms ate superposed with
similar nonlinearity (Figure 4(C)). However, the superposition of TCE and PCE isotherms does not occur for
the field site samples (Figure 4(A) & 4(B)). The difference is more pronounced at the lower concentrations
and for the silt sample compared to the sand & gravel sample. Because sorption uptake is controlled by
retarded intragranular or micropore diffusion, more hydrophobic compounds require longer to equilibrate the
less hydrophobic compounds (29-30). Based on the nonequilibrium result observed for TCE, we anticipate
that nonequilibrium also affected these PCE results.

The competition experiment sorption results are listed in Table 10 and shown in Figures 4(D-F). The
competition sorption measurements were performed for 7 days to observe the competitive effects for TCE
with the presence of PCE (i.e. binary-solute batch system). PCE initial masses of 0, 0.4, or 3.9 ug were used.
The largest PCE addition resulted in obvious decrease in TCE sorption. The decrease is most prominent at
the lowest TCE concentration with higher PCE initial mass, especially, for the silt sample (438-34). The TCE
Kicw for the silt was approximately 35% lower Cy.rce <10 ug/L with the greater PCE mass compared to the
lower PCE addition (~29% reduction of the Kycy for 215-27 sand & gravel sample).

The observed TCE competitive sorption results were compared to the results of IAST-modeled sorption
(Figure 4(D-F)). The IAST model predicts equilibrium competitive effects on sorption using the isotherm
parameters derived from single solute (non-competitive) systems. The sorption results for the Sarnia sample
are relatively consistent with the IAST prediction for both PCE additions (Figure 4(F)).

For the site samples, nonequilibrium and background sediment concentrations were significant. In order to
partially compensate for non-equilibrium in the concentration range used for the competition expetiments,
TCE Freundlich isotherm parameters fit from the lowest concentration range data (C ~10-700 pg/L,
without PCE) was used in the IAST model. The TCE isotherm parameters so determined are Kercg of 6.8
(ng/ke)/(png/L)2 and 96 (ug/ke)/( pg/L)» and #rck of 0.64 and 0.64 for samples 215-27 and 438-34,
respectively. The total sediment TCE concentration was significant mass compared to sorbed PCE, hence
‘background’ TCE competed with PCE for adsorption sites even in systems to which no additional TCE was
added. Therefore, the PCE isotherm parameters were estimated by the IAST equations using measured
sorbed concentrations and initial masses. Because the Freundlich parameters are correlated (leading to a non-
unique solution), zpce was set equal to #rce leaving Kepcr as the sole fitting parameter for each sample. The
PCE isotherm parameters so determined are Kepcr of 13 (ug/kg)/( pg/L)» and 122 (ug/kg)/( pg/L)» for
samples 215-27 and 438-34, respectively. However, the model over predicts the competitive effect for the
higher PCE mass addition, particularly for the lower TCE concentrations.

The IAST model over estimates competition for the site samples compared to the observed Kqcw values by
approximately 65% at the lowest concentrations. Differences between the model and observations are likely
attributable, at least in part, to nonequilibrium effects in these seven day tests.

Impact of Carbonaceous Matter on Sorption

TACM in sediments can play a key roll on the sorption of hydrophobic organic compounds, causing
nonlinear and slow sorption (desorption) behavior and high sorption capacity (37). The KBC (i.e.
kerogen/humin and coal) is the most abundant type of CM in the site samples. The TCE sorption behavior
agrees well with the expected behavior for the CM types observed in the site samples in the following ways: 1)
significant kerogen/humin or coaly particles in all samples result in strongly nonlinear isotherms, 2) TCE
sorption was greater than the estimates by the empirical approach, and 3) sorptive uptake and desorptive
release for the site samples was slow, particularly at the lower aqueous-phase concentrations. It is likely that
these sorption phenomena are the most prominent in the silt sample, because the condensed macerals such as
vitirinite and coaly particles were more abundant in the silt samples than in the sand & gravel samples.
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Lithocomponent sorption

The TCE total sediment concentrations and Ky cw were measured for lithocomponents separated from the
4-8 mm grain size fraction of sample 215-27 (The complete grain-size distributions for the two sand & gravel
samples are listed in Table 11). The results are listed in Table 11 for total sediment concentrations and Table
12 for sorption to the different lithocomponents. The TCE total sediment concentrations are the highest
(approximately 30 pug/kg) in the carbonate-rich siltstone and dark sandstone — the two dark colored
lithocomponents measured. Note that the carbonate-rich siltstone is dark grey and whereas the siltstone is
very light colored. The light sandstone and siltstone exhibited much lower total concentrations. The
background total sediment concentrations do not have a large effect on the observed Kycy in these
experiments (<~15%).

The Kicw (3.0 pg/kg) of the carbonate-rich siltstone is greater than that of any other lithocomponent (Kycw
<1)(Figure 5). The observed Kqycw for carbonate-rich siltstone is approximately three times greater than the
measured Kycw for the bulk sediment sample 215-27 at a similar concentration (Cv=240 pg/L; experiment 5).
The Kycw for the light sandstone and siltstone have unusually high uncertainties because of the low TCE
sorbed mass fraction. These high uncertainties do not preclude the conclusion that sorption is very low in
these two lithocomponents compared to the other two. The high uncertainties arise as a direct consequence
of the choice to use low sample masses for this part of the study due to limited sample availability.

The foc for each lithocomponent was analyzed to compute the Koc at the measured aqueous concentrations
(Table 14). The observed foc ranged from 0.03 — 0.06%. The carbonate-rich siltstone exhibited the highest
Koc (4700 L/kg) of the lithocomponents. The Koc values for carbonate-rich siltstone, dark sandstone, light
sandstone and siltstone are approximately 50, 17, 8 and 5 times greater than the TCE Koc (94 L/kg) reported
by EPA (26), respectively. Our finding of greater sorption in dark sedimentary lithocomponents compared to
the other lithocomponents is consistent with Kleineidam et al.’s (7) phenathrene results and is a new result
for chlorinated solvents.

Through qualitative evaluation, we estimated that the carbonate-rich siltstone comprises approximately 30-
40% of the sample mass in the >2mm material sieved from each of the sand & gravel samples (Figure 5).
(Narrative descriptions of the lithocomponent contributions to these samples are provided in Appendix B.)
These combined results suggest that the majority of TCE sorbed mass in the >2mm material in the sand &
gravel samples is associated with the carbonate-rich siltstone.
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Appendix A

Alternative Natural Sources for Potentially Anthropogenic Particles:

Some of CM were identified as potentially anthropogenic particles from the results of organic petrography for
the samples, 215-27, 410-40, and 438-20, although they occurred in very rare frequency. Review of field and
laboratory handling procedures identified no likely source or incident of anthropogenic particles and so was
not consistent with these results. For instance, in the laboratory, only pre-cleaned glass containers with new
aluminum foil covers were used for drying and new plastic bags or pre-cleaned glass jars were used for
storage. Similatly thorough precautions were standard practice in the field and all of these procedures
minimize the potential to introduce anthropogenic particles.

We posit that these CM types, found in relatively low abundances in the samples, could be derived from
natural sources such as the following. Incomplete biomass combustion, such as forest fires, produce a variety
of black carbon forms (e.g. char, soot) that could have deposited within the glacial sediments directly, or
could have been deposited originally within the marine sediments that now exist as the carbonate and shale
bedrocks. In the latter case, the CM would have also experienced alteration by geologic processes (burial and
increased temperature) as the marine sediments became the presently observed carbonate and shale bedrocks.
Subsequent changes by transport of the lithocomponents to their present aquifer position could also have
occurred. New York State’s geology highlights organic-rich black shale beds of different ages that contribute a
variety of TACM types. The middle Devonian-aged Marcellus shale formation is one such example formation
that covers a widespread area in Southern-Central New York State. This shale bed is significant resource for
gas production and contains condensed (matured) CM (dominant CM is type 1I kerogen).

Appendix B

Narrative Description of Sample 215-27:

All grain-size subsets contained a portion of igneous and metamorphic clasts. The dominant mineralogy
consisted of micas, plagioclase feldspar, potassium feldspar, and quartz. The igneous and metamorphic clasts
were most abundant, by percentage of total grains in a size range, in larger sizes. The clast shapes varied
between sub angular to well rounded with no trend corresponding to clast size.

Quartz clasts were abundant in the smallest size fraction examined (0.42-1mm) and contributed
approximately 35% of the total mass. As the clast sizes increased, these sub-angular to well-rounded
fragments became more scarce and were not observed in sizes >2mm.

Sandstone fragments are present in all size fractions but are most abundant by mass and by percentage of
total mass in the middle size ranges (2-12.5mm). The sandstone is fine grained and well cemented. In clasts
>2mm, brownish-orange coatings are seen on the inside and outside of clasts. For sorption expetriments, the
sandstone pieces were further divided into dark-sandstone and light-sandstone groups.

Siltstone was found in clasts of all sizes except the largest-sized fraction (>25mm). The siltstone pieces were
very fine grained, well sorted, and non-porous. Siltstone fragments in the 2-7.93mm range also had calcium

carbonate. Sub-angular to well-rounded dark-grey carbonate-rich siltstone fragments are common in all size
fractions. They possess homogeneous composition, crystalline texture, and intermittent pores. In the larger

fragments (>12.5mm), some lighter colored carbonates are also present.

Of the lithocomponents, quartz is not present in clasts >2mm in size and siltstone was not found in clasts
>25mm in size. The others (igneous and metamorphic, sandstone, and carbonate-rich siltstone) were present
in all size fractions examined. Typically, either carbonate-rich siltstone or igneous and metamorphic clasts
represented the largest lithology, by mass, in each size fraction. They were particularly dominant as the clast
sizes increased.
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Narrative Description of Sample 438-26:

Fragments of igneous and metamorphic rock were found in all size fractions of sample 438-26. The dominant
compositions of fragments were micas, plagioclase feldspar, potassium feldspar, and quartz. In all size
fractions, these igneous and metamorphic fragments were sub-angular in shape with the addition of well-
rounded pieces present in smaller sizes (<2mm).

Quartz pieces were found only in sizes 0.42-4mm. In the smallest size fraction studied (0.42-1mm), they were
the dominant lithocomponent present in this size fraction..

Carbonate-rich siltstone was abundant in all size fractions. This siltstone was dark gray in color and the clasts
were identified in a wide range of shapes (i.e. sub angular to well rounded). They possessed homogeneous
composition, intermittent pores, and crystalline texture.

A silicate siltstone was identified in all clast sizes <25mm. This light-colored siltstone was very-fine grained
and well sorted.

Well-cemented sandstone fragments were found in all size fractions. They were comprised of quartz and
other silicates. By mass, they do not make a particularly dominant contribution across the entire range of
sizes. However, in the range of 2-7.93mm, the sandstone is the single most common lithocomponent.

The carbonate-rich siltstone was plentiful and was either the first or the second most abundant
lithocomponent type in all size fractions. In the 1-12.5mm clast ranges, the sandstones, along with carbonate-
rich siltstone, were the most abundant lithocomponent type. For clasts >12.5mm, the most abundant
lithology was either igneous and metamorphic or the carbonate-rich siltstone.
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Tables

Table 1. Grain size distribution (percent by weight), textural designation, color, and fraction organic carbon
content (foc) of samples. RPD indicates relative percent difference between duplicate foc measurements.

Textural designations were provided by Groundwater Sciences Corporation, Inc.

Sample location 215 215 401 438 438 438
Depth (ft) 27-33 34-39 40-46 12-19 26-30 34-38
Sample no. 215-27 215-34 401-40 438-12 438-26 438-34

Grain size (mm) | wt percent

>12.5 35.5 0.8 0.0 0.8 39.7 0.0
2-12.5 37.4 2.9 1.0 4.2 25.1 0.2
<2 271 96.4 99.0 95.0 35.2 99.8
Textural sand & . sand & .
] . sand silt sand silt
Designation gravel gravel
Color* 25Y7/3 2.5Y 8/3 25Y7/3 2.5Y7/4 2.5Y7/3 2.5Y7/2
Jfoc 0.00046 0.00065 0.00101 0.00061 0.00055 0.00105
Jfoc RPD 3.3% 1.5% 0.2% 1.0% 2.9% 0.6%

*Munsell color chart
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Table 2. Stock-solution concentrations, sample size, and extraction-solution volumes for TCE in batch

experiments.

Exp Exp Exp Exp
Sample or amendment | Exp1 | Exp2 | Exp3 | Exp5 | Exp6 TA 7B A 3B
Stock solution TCE 0.1105 | 0.1105 | 0.5488 | 1.8335 | 3.6464 | 8.4761 | 251938 | 0.1105 | 15.1653
conc. (ug/ul)
Volume TCE stock
colution added (uL) 4.5 9 3.6 6 7.2 8 7 4.5 8
Water sample volume- 500 40¢
corption vials (ul): 1200 | 200 300 150 90 %0 40 1200 50
Water sample volume- 500 300 90 90 90 40 40 500 50
control vials (uL)
Initial mass (Mo) 200 90 50 30 40 20 9 200 20
samples volume (uL)
Hexane extraction

1 d_ b

solution volume 400 1200 1500 | 1500 | 1200 | 1200 1200 1200 1200
sorption and control 1200
vial samples (ul.)
Hexane extraction
solution dilution 1200 1200 1500 | 1500 | 1200 | 1200 1200 1200 1200

volumed initial mass

(Mo) samples (uL)

aLarge (~3.00mL) water samplers were taken from background vials (pulverized sample without added TCE ro PCE).
dHexane extraction solution includes bromodichloromethane as an internal standard

bFor 215-34, 401-40, 438-12, and 438-34 samples only

For 401-40 and 438-34 samples only

Table 3. Relative content (% foc) of the fractionated carbonaceous matter recovered from sediment samples.

Sample no.? 215-27 215-34 438-34
HKBb 92% n.a.c n.a.
HAP 8% 22% n.d.c
KBCP 63% 61% 99%

aSample texture designations are: 215-27, 438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 are silt.
PHA, humic acid; KBC, kerogen+black carbon; HKB, humic acid+kerogen+black carbon. °n.d.=none detectable;

n.a.=not analyzed
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Table 4A. Summary of organic petrography results: 438-34 (silt)

SEMI-QUANTITATIVE MICROSCOPICAL ANALYSIS

Lithology: silt (rock fragments consisting of sub-angular igneous and

Location: aquifer sediment, Late Quaternary . : ; Composition
q > Q r} metamortphic rocks, dolomite, sandstone and siltstone) P
Preparation: polished mount of organic concentrate | Organic facies : EN 438-34
Fl 218
. uorescence 3
Maceral Reflected light . . . o Sl S el sl e °
Maceral e . (uv-light + violet-light excitation; oil | & 5| £| Imagen®.
group (oil immersion) < : > S|E|=]| €
immersion) 218
e . one fragment of gelified tissue (100/170 [ m), dark grey to .
Huminite ulminite . & 8 (100/ ), 8 non-fluorescing 14
middle grey
telinite
isolated fragmentary particles, homogeneous, middle grey to
Vitrinite . .. light grey (wide range of reflectance), angular to subangular, . 3a, 5,06,
vitrodetrinite Sht grey <“ 3 ), angu Subanguar, non-fluorescing e
equidimentional, 2 to 60 [Im; some particles show 10,15
anisotropy
orange-brown microspores (spores, pollen); rare strongly 11.12.13
sporinite reflecting (light grey) and non-fluorescing spores at over- | moderately intense to intense yellow ’ 1 (’ ’
Y Y y 6
mature stage
cutinite
suberinite
resinite
telalginite
alginite derived from small, unicellular or thin-walled algae
lamalginite (10 to 30 [Jm lenght); lamalginite occurs as inclusions in | intense yellow 3b
brown-orange AOM
. .. small fragments of alginites less than 10 [Im in size; . .
liptodetrinite . o . moderately intense to intense yellow 3b
liptodetrinite occurs in brown-orange AOM d ’
orange-brown aggregates (10 to 60L! m), low heterogeneity,
Liptinite bituminite: AOM | more or less translucent, globular and fluffy with diffuse heterogeneous  fluorescence: weak
-orange-brown in | margins; contains sometimes to moderately intense yellowish- 3a, 3b
reflected light liptodetrinite, lamalginite and pyrite (individual crystals, | brown
framboids)
-grey-brown in
reflected light
. fine granular aggregates with globular form (3 to 30 m .
-dark-grey in & 881CE & . ( . ), non-fluorescing or very weak dark-
2 fine heterogencous, composed of middle grey, reddish- 1a,1b, 5
reflected light ’ brown or pale green fluorescence
brown, dark-grey and black granules
migrabitumen:
non-fluorescing
Qil inclusions
yellow fluorescing drops of hydrocarbons related to a
. . reddish-brown particle (22 [/ m diameter), very similar to .
Oil expulsions ’ intense yellow 2
coal tar ’
fusinite low reflecting fusinite: one poor-preserved tissue, 30/10 ) m 6
semifusinite
funginite
Inertinite secretinite
macrinite
micrinite
. L. isolated fragmentary particles, homogeneous, white, angular to subangular, equidimentional, 1/3 to 5
inertodetrinite € yp ? s ? > ang suan o 1/
Im
subrounded to angular carbon particles (15 to 40 [Im) showing a mosaic structure identified by
Natural coke - s P ( ) s y 9
anisotropy
Natural char subangular particles (20 to 60 [l m) with degassing pores, high reflecting and isotropic 7,8
Sub-bituminous . L -
one rounded particle (20/30 [ m) containing liptodetrinite
Hard coal P @0/ ) 8P
coal Anthracite angular or subrounded particles (20 to 40 [ m) showing a strong anisotropy 4
Oxidized coal coal particles (20 to 60 [] m) showing dark oxidation rims and microcracks 10

Note that concerning the huminite group and the vitrinite group, the table shows only the macerals encountered in the samples, and not the entire classification. AOM:
Amorphous Organic Matter.
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Table 4B. Summary of organic petrography results: 401-40 (silt)

SEMI-QUANTITATIVE MICROSCOPICAL ANALYSIS

Location: aquifer sediment, Late Quaternary | Lithology: siltstone | Composition
Preparation: polished mount of organic concentrate Otganic facies : EN 401-40
Fl g8
. uorescence 3
Maceral Reflected light . . . o S El s e °
Maceral o . (uv-light + violet-light excitation; oil | & 5| 8| Imagen®.
group (oil immersion) . S S| E[E|E
immersion) 218
Huminite textinite
telinite
Vitrinite isolated fragmentary particles, mostly homogencous, middle

vitrodetrinite grey to light grey (wide range of reflectance), angular to | non-fluorescing 1
Subangular, equidimentional or elongated, 2 to 30 [Jm

sporinite orange-brown microspores (spores and pollen) moderately intense to intense yellow
cutinite
suberinite
resinite
telalginite alginite derived from small unicellular algae (25 [ m lenght) intense greenish-yellow
lamalginite
liptodetrinite
bituminite: AOM orange-brown aggregates (5 to 3001 m), low heterogeneity, | heterogeneous fluorescence: weak
-orange-brown in | more or less translucent, globular and fluffy with diffuse | to moderately intense yellowish- 1
reflected light margins brown
Liptinite -gtey-brown in

reflected light

fine granular aggregates with globular form (2 to 10 [Jm) or
-dark-grey in clongated shape (10 to 50 [Im), fine heterogeneous, | non-fluorescing or very weak dark-
reflected light composed of middle grey, reddish-brown, dark-grey and | brown fluorescence

black granules

migrabitumen:
non-fluorescing

Oil inclusions

yellow fluorescing drops of hydrocarbons related to very
Oil expulsions rare reddish-brown particles (20 to 40 [l m), vety similar to | intense yellow 2a, 2b
coal tar : related to anthropogenic input?

fusinite
semifusinite one particle (90/40 [ m)
funginite
Inertinite sectetinite
macrinite
micrinite
. - isolated fragmentary particles, homogeneous, white, angular to subangular, equidimentional, 1/3 to
inertodetrinite & P > 8 ? > Ang sHiar, eq » 1/
100 m
subrounded to angular carbon particles (4 to 30 ['m) showing a wide range of microstructures
Coke (porosity, pore sizes and shapes, cell-wall thicknesses) and microtextures identified by anisotropy, 4,8,13, 14,
shape and size of domains: this group is composed of natural coke and of coke patrticles related to 15, 16,17
anthropogenic input (coal carbonization)
spheroidal carbon particles with vesicles (10 to 110 LI m), in part fragmented, more or less porous
) . . ) . . . 3,5,6, 7,
Char and anisotropic, mostly high reflecting: thin-walled cenospheres (tenuisphetes), thick-walled 9 10. 11
cenospheres (crassispheres); char with mixed dense/porous char morphology occur also; these chars ’12 ’18 ?
are identified as anthropogenic patticles (mostly from coal combustion) >
q very rare aggregates (40-90 [Im) of carbon nodules with circumferential structure identified by
Pyrolytic carbon It . ’
anisotropy : probably related to anthropogenic input
particles with grainy texture, mostly isotropic, more or less . . .
’ ’ cither non-fluorescing or greenish
porous, dark grey, blue-grey or black, heterogeneous
:? > R >m films of hydrocarbons are generated
reflectance; some with cracks; show similarities to soot particles : . >
. during the fluorescence excitation
related to anthropogenic input ? <
Sub-bituminous mostly monomaceralic particles, subangular to subrounded, often with cracks and oxidation rims 15. 16
P o 0
coal (4/100 [1m) : related to anthropogenic input ? ’
High-volatile bit. .
& subangular particles (10/40 [ m)
coal
Hard —
coal Low-volatile bit.

coal subangular particles (10/30 (] m)

Anthracite subangular particles (20 to 120 [ m) often fissured

very rare coal macerals or coal particles (10 to 100 [l m) showing datk oxidation rims, microcracks

Oxidized coal o . . . o
and devolatilization vacuoles; sometimes anisotropic : related to anthropogenic input?

Note that concerning the huminite group and the vitrinite group, the table shows only the macerals encountered in the samples, and not the entire classification. AOM:
Amorphous Organic Matter.
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Table 4C. Summary of organic petrography results: 215-27 (sand & gravel)

SEMI-QUANTITATIVE MICROSCOPICAL ANALYSIS

Lithology: sand and gravel (rock fragments consisting of sub-angular igneous

Location: aquifer sediment, Late Quaternary ) . . Composition
q > Q 2 and metamorphic rocks, dolomite, sandstone and siltstone) P
Preparation: polished mount of organic concentrate | Organic facies : EN 215-27
=
a
: Fluorescence g|¢
Maceral Reflected light g =
Maceral L '8 (uv-light + violet-light excitation; oil =} g E s Image n°.
group (oil immersion) . ! slg|=]| &
immersion) 2| 2
< | O
Huminite textinite fragments of ungelified tissues (stems, roots), reddish-brown pale yellow 39
telinite
isolated fragmentary particles, mostly homogeneous, middle grey to
Vitrinite light grey (wide range of reflectance), angular to subangular, 2,3,8a,11,
vitrodetrinite equidimentional or elongated, 2 to 200 [/ m; some particles show non-fluorescing 15a, 17, 18,
anisotropy 21a, 38
sporinite orange-brown microspores moderately intense to intense yellow
cutinite
suberinite fragments of bark-or cork-derived tissues (100-300 [ m’ intense green and yellow-green 12a, 12b
g g ) g
resinite
telalginite alginite derived from small unicellular algae (25 [1 m length) intense greenish-yellow 41
lamalginite
. . I fi f liptinites 1 han 1 in size; li ini . .
liptodetrinite ZI::urs ;ﬁ;‘:j::;)m;g:ngw ess than 10 [im in size; liptodetrinite moderately intense to intense yellow 6b, 21b
bituminite: AOM orange-brown aggregates (10 to 3001 m), low heterogeneity, more or
oranoe- r'o n in less translucent, globular and fluffy with diffuse margins; occurs also heterogencous  fluorescence:  weak  to 41
iptinite B ge-b _W as a network characteristic of fragments of oil shales and contains moderately intense yellowish-brown
p gm, \ )
reflected light sometimes pyrite framboids
-grey-brown in
reflected light
. fi lar 2 ith globular f 2t01 longa .
-dark-grey in ine granular aggregates with globular form ( to 0 m) ore ongated non-fluorescing or very weak dark-brown 1, 15a, 15b,
fected Tioht shape (10 to 50 [1m), fine heterogeneous, composed of middle grey, Auorescence 212 21b
retiected g reddish-brown, dark-grey and black granules i
mierabitumen: homogeneous or fine heterogencous particles, middle grey to light
gﬂ . grey, often elongated and with geometric outlines (20 to 110 [1m), 19
non-fluorescing isotropic or anisotropic
Oil inclusions
yellow fluorescing drops of hydrocarbons related to reddish-brown 82 8b. 16a
Oil expulsions particles (20 to 100 [Im), very similar to coal tar : related to | intense yellow - b
anthropogenic input ?
fusinite
semifusinite
funginite middle grey fungal remains (sclerotia) 17
Inertinite secretinite
macrinite
micrinite
inertodetrinite isolated fragmentary particles, homogeneous, white, angular to subangular, equidimentional, 1/3 to 10 /'m 4,18
subrounded to angular carbon particles (4 to 50 [Im) showing a wide range of microstructures (porosity, pore sizes
s P H . ¥ P 9,22,24,32
Coke and shapes, cell-wall thicknesses) and microtextures identified by anisotropy, shape and size of domains: this group is ? 3:1 46’ ’
composed of natural coke and of coke particles related to anthropogenic input (coal carbonization) >
spheroidal carbon particles with vesicles (20 to 200 [ m), in part fragmented, more or less porous and anisotropic, 3,23, 25,20,
Char mostly high reflecting: thin-walled cenospheres (tenuispheres), thick-walled cenospheres (crassispheres); these chars 27,29, 30, 36,
are identified as anthropogenic patticles (mostly from coal combustion) 37
Pyrolytic carbon aggregates (60-120 [1m) of carbon nodules with circumferential structure identified by anisotropy : related to 35

anthropogenic input ?

particles with grainy texture, mostly isotropic, more or less porous,
dark grey, blue-grey or black, heterogeneous reflectance; some with
cracks; show similarities to soot particles : related to anthropogenic

cither non-fluorescing or greenish films of
hydrocarbons are generated during the
fluorescence excitation

5a, 5b, 6a, Gb,
10a, 10b, 13

input ?
-bituming . . -
Sel bl one rounded particle (7/20 [)m) containing sporinite
coal
Lrfigh=rallitte i one subangular particle (20/20 [/ m) 7
coal
Hard Low-volatile bi
coal WEVO “1 € BIE 5 clongated particles (380/120 and 120/40 U m) 20
coal
Anthracite angular and elongated particles (20 to 70 [ m) showing a strong anisotropy 28
Heated altered coal macerals or coal particles (40 to 140 [] m) showing dark oxidation rims, microcracks and devolatilization 14.31.33
coal vacuoles; sometimes anisotropic : related to anthropogenic input ? T
Note that concerning the huminite group and the vitrinite group, the table shows only the macerals encountered in the samples, and not the entire classification. AOM:

Amorphous Organic Matter.
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Table 4D. Summary of organic petrography results: 438-26 (sand & gravel)

SEMI-QUANTITATIVE MICROSCOPICAL ANALYSIS

Lithology: sand and gravel (rock fragments consisting of igneous and

Location: aquifer sediment, Late Quaternary metamorphic rocks, sandstone and carbonate-rich siltstone) Composition
Preparation: polished mount of organic concentrate | Organic facies : EN 438-26
2|«
Maceral M Reflected light . Fl.uores.cenct? T —§ é PR °
— aceral (oil immersion) (uv-light + v}olet—hght excitation; oil g g & | §| Imagen®.
immersion) 213
Huminite textinite
telinite
Vitrinite . B isolated ftmgmenmry p.articlcs, mostly homogeneous, middle .
vitrodetrinite grey to light grey (wide range of reflectance), angular to | non-fluorescing
subangular, equidimentional or elongated, 2 to 60 LI m
sporinite orange-brown microspores moderately intense to intense yellow
cutinite
suberinite
resinite
relalginite alginite derived from small unicellular algae (20-30 [Im intense greenish-yellow
i lenght) i ’
lamalginite
liptodetrinite
bituminite: AOM
-orange-brown in
reflected light
Liptinite -grey-brown in
reflected light
fine granular aggregates with globular form (2 to 10 Lm) or
-dark-grey in clongated shape (10 to 50 [Im), fine heterogeneous, | non-fluorescing or very weak dark- 12
reflected light composed of middle grey, reddish-brown, dark-grey and | brown fluorescence ?
black granules; occurs also as network
migrabitumen: horqogcncous or fine hctcrogcncous.particlcs, middle grey
non-fluorescing to light grey, o‘ften elfmgateq and \ylth geometric outlines
(20 to 80 [ m), isotropic or anisotropic
Oil inclusions
yellow fluorescing drops of hydrocarbons related to reddish-
Oil expulsions brown particles (15 to 100 [Jm), very similar to coal tar : | intense yellow 3,4
related to anthropogenic input
fusinite
semifusinite
funginite
Inertinite secretinite
macrinite
micrinite
inertodetrinite very rare isolated fragmentary particles, homogeneous, white, angular to subangular, equidimentional,
1/3t0 10m
subrounded to angular carbon particles (4 to 50 [lm) showing a wide range of microstructures
Coke (porosity, pore si_zcs an‘d shaPcs, ccll-\Avall thicknesses) and mic?otcxturcs identified by anisot}rop}', 5
shape and size of domains: this group is composed of coke particles related to anthropogenic input
(coal carbonization)
spheroidal carbon particles with vesicles (20 to 60 [ m), in part fragmented, mote or less porous and
Char anisotropic, mostly high reflecting: thin-walled cenospheres (tenuispheres), thick-walled cenospheres 6,7
(crassispheres); these chars are identified as anthropogenic particles (mostly from coal combustion)
Pyrolytic carbon
Other carbons
SubAblct;;‘nnous very rare subangular to subrounded particles (5 to 30 [ m) : related to anthropogenic input ?
High-volatile bit.
Hard coll
coal Low-v:(i’:ltlle bt very rare subangular to subrounded particles (5 to 40 L] m) : related to anthropogenic input ?
Anthracite very rare weathered particles (20 to 50 [ m)
Heated altered very rare coal macerals or coal particles (20 to 60 [ m) showing dark oxidation rims, microcracks and
coal devolatilization vacuoles; sometimes anisotropic : related to anthropogenic input ?

Note that concerning the huminite group and the vitrinite group, the table shows only the macerals encountered in the samples, and not the entire classification. AOM:
Amorphous Organic Matter.
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Table 5A. Observed TCE and PCE background concentrations, 7-day contact time (Experiment 4).

Sample o | Batch no, | SO0 Water ol | ICE conc (ag) ] PCE conc o
215-27 B1 11.82 8.88 1.86E+00* n.d.b
215-27 B2 11.82 8.97 2.69E+00 d.n.qb
215-34 B1 15.00 7.70 3.01E+00 d.n.g.
215-34 B2 15.00 7.67 3.04E+00 d.ng.
401-40 B1 1.87 12.84 5.42E-01%* n.d.
401-40 B2 1.87 1271 5.50E-01* n.d.
438-12 B1 15.00 7.33 d.n.q. n.d.
438-12 B2 15.00 7.72 d.n.q. n.d.
438-26 B1 11.82 8.74 1.55E+00* d.nq.
438-26 B2 11.82 8.77 1.63E+00* d.ng.
438-34 B1 1.87 12.82 d.n.q. n.d.
438-34 B2 1.87 12.76 d.n.q. n.d.

sSample texture designations are: 215-27, 438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 are silt.
*Concentrations were less than the lowest analytical standard and are considered estimates. Pn.d.=not detected;
d.n.q.=detected, but not quantified

Table 5B. Observed TCE and PCE total sediment concentrations using a methanol-extraction procedure.

Sample nos | Batch no. Solid Methanol || TCE total sediment || PCE total sediment
mass (g) vol. (mL) conc. (ug/kg) conc. (ug/kg)

215-27 MW1 5.01 5.67 2.15E+01 1.67E+00
215-27 MW2 4.99 5.54 2.14E+01 1.77E+00
215-34 MW1 5.00 5.68 2.80E+01 1.90E+00
215-34 MW2 5.00 5.72 2.76E+01 1.99E+00
401-40 MW1 1.00 5.42 9.45E+01 n.d.b

401-40 MW2 1.00 5.68 1.06E+02 n.d.

438-12 MW1 5.00 5.87 6.19E+00 431E-01*
438-12 MW2 5.00 5.59 6.33E+00 4.02E-01*
438-26 MW1 5.00 6.00 1.66E+01 3.80E+00
438-26 MW2 5.00 6.01 1.66E+01 3.56E+00
438-34 MW1 1.00 5.73 1.36E+02 1.61E+00*
438-34 MW2 1.00 5.98 1.45E+02 1.39E+00*

aSample texture designations are: 215-27, 438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 are silt.
*Concentrations wete less than the lowest analytical standard and ate considered estimates. Pn.d.=not detected
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Table 6. Nonequilibrium TCE sorption measurement results: (A) 7-day results and (B) 28-day results.
(A) 7-day sorption result

Sample | Batch | Exp | Solid Water TCE conc. TCE sorbed Kicw Kacw . -
no.k no. | no. | mass (g Vol (aq) (ug/L) conc. L /,kg) average Oxd fs
(mL) (ng/kg) (L/ke)

21527 | Bl 11.80 8.72 3.10E+00 1.90E+01

215-27 1 8A 11.80 8.74 2.16E+01 4.85E+01 2.2 2.1 0.2 62%
215-27 2 8A 11.81 8.76 2.35E+01 4.70E+01 2.0 58%
215-27 1 8B 14.99 7.56 1.18E+04 | 2.13E+03 0.2 0.180 0.001 | 25%
215-27 2 8B 15.00 7.55 1.18E+04 2.11E+03 0.2 25%
438-34 B1 1.86 12.70 4.95E-01 1.37E+02

438-34 B2 1.86 12.70 4.72E-01 1.37E+02

438-34 1 8A 1.86 12.74 8.31E+00 3.61E+02 43.5 44.4 1.3 79%
438-34 2 8A 1.86 12.70 8.00E+00 3.63E+02 45.4 80%
438-34 1 8B 8.72 9.91 3.88E+03 9.45E+03 2.4 2.45 0.02 | 67%
438-34 2 8B 8.72 9.98 3.85E+03 9.47E+03 2.5 67%
Sarnia 1 8A 0.47 13.14 1.33E+01 7.18E+02 54.0 54.3 0.4 65%
Sarnia 2 8A 0.46 13.29 1.33E+01 7.24E+02 54.6 65%
Sarnia 1 8A 0.47 13.24 1.23E+01 7.43E+02 60.3 60.0 0.5 68%
Sarnia 2 8A 0.47 13.32 1.25E+01 747E+02 59.6 67%
Sarnia 1 8B 0.60 13.41 5.74E+03 7.16E+04 12.5 12.3 0.2 35%
Sarnia 2 8B 0.60 13.20 5.80E+03 7.09E+04 12.2 35%
Sarnia 1 8B 0.60 13.14 5.90E+03 7.65E+04 13.0 12.99 0.03 | 37%
Sarnia 2 8B 0.60 13.21 5.89E+03 7.66E+04 13.0 36%

* Average Kd,cw’ is the average of replicate batch systems amended with a constant mass of TCE for each sample; Gkqis standard
deviation of replicate K cw measurements. **f; is the TCE mass fraction sorbed to the sediment.

**f is the TCE mass fraction sotbed to the sediment. The f; is the fraction of newly added TCE sorbed and does not account for the
TCE initially present in the sample, therefore, f; can be underestimated for especially low concentration experiments.

**B1 and B2 samples are for the TCE background concentrations.

£Sample texture designations are: 215-27, 438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 are silt.
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Table 6. cont.

(B) 28-day sorj

tion results

Sample | Batch | Exp Solid \i//ater TCE conc. | TCE sorbed Kice Kicw ) .
no. 4 no. no. | mass (g) ol (ag) cone. (L/)kg) average OKd f
(ml) (ug/L) (ng/kg) (L/kg)

215-27 B1 11.80 8.75 3.36E+00 1.88E+01

215-27 B2 11.79 8.77 3.41E+00 1.88E+01

215-27 1 8A 11.81 8.76 1.86E+01 5.04E+01 2.7 2.7 0.1 67%
215-27 2 8A 11.81 8.74 1.86E+01 5.04E+01 2.7 67%
215-27 3 8A 11.81 8.76 1.94E+01 4.98E+01 2.6 65%
215-27 1 8B 15.01 7.57 1.14E+04 2.06E+03 0.2 0.179 0.003 | 25%
215-27 2 8B 15.01 7.59 1.14E+04 2.04E+03 0.2 25%
215-27 3 8B 15.01 7.56 1.15E+04 2.01E+03 0.2 25%
438-34 B1 1.86 12.76 4.34E-01 1.37E+02

438-34 B2 1.86 12.80 4.14E-01 1.37E+02

438-34 1 8A 1.86 12.66 5.84E+00 3.83E+02 65.6 66.4 0.9 86%
438-34 2 8A 1.86 12.67 5.79E+00 3.83E+02 66.3 86%
438-34 3 8A 1.86 12.78 5.70E+00 3.84E+02 67.3 86%
438-34 1 8B 8.72 9.95 3. 78E+03 9.84E+03 2.6 2.63 0.03 68%
438-34 2 8B 8.72 9.94 3. 72E+03 9.90E+03 2.7 69%
438-34 3 8B 8.72 9.96 3.77TE+03 9.85E+03 2.6 68%
Sarnia 1 8A 0.47 13.28 1.19E+01 7.46E+02 63.0 62.6 1.1 69%
Sarnia 2 8A 0.47 13.24 1.18E+01 7.51E+02 63.5 69%
Sarnia 3 8A 0.48 13.23 1.20E+01 7.35E+02 614 68%
Sarnia 1 8A 0.47 13.25 1.25E+01 7.62E+02 61.1 64.3 2.7 68%
Sarnia 2 8A 0.47 13.25 1.18E+01 7.81E+02 66.1 70%
Sarnia 3 8A 0.47 13.26 1.19E+01 7.77E+02 65.5 69%
Sarnia 1 8B 0.60 13.43 5.75E+03 7.51E+04 13.1 13.0 0.2 36%
Sarnia 2 8B 0.60 13.39 5.73E+03 7.52E+04 13.1 37%
Sarnia 3 8B 0.60 13.23 5.83E+03 7.42E+04 12.7 36%
Sarnia 1 8B 0.60 13.18 5.74E+03 7.34E+04 12.8 13.0 0.2 36%
Sarnia 2 8B 0.59 13.21 5.69E+03 7.45E+04 13.1 36%
Sarnia 3 8B 0.60 13.08 5.68E+03 7.44E+04 13.1 37%

*Average Kd,cw‘ is the average of replicate batch systems amended with a constant mass of TCE for each sample; Gkqis standard

deviation of replicate Kd,Cw measurements. **f; is the TCE mass fraction sorbed to the sediment.

**f, is the TCE mass fraction sotbed to the sediment. The f; is the fraction of newly added TCE sorbed and does not account for the
TCE initially present in the sample, therefore, f; can be underestimated for especially low concentration experiments.

**B1 and B2 samples are for the TCE background concentrations.
£Sample texture designations are: 215-27, 438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 ate silt.
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Table 7. Freundlich isotherm parameters for (A) TCE at 28 days, and (B) TCE at 7 days determined by linear
regression of log-transformed data. Units of Kt are (ug/kg)/(ug/L)m.

(A) TCE 28 days
Sample no.. 21527 | 438-34
2 point isotherms (28 days results)
TCE » 0.58 0.50
TCE log K¢ 0.96 2.20
TCE K¢ 9.2 159

(B) TCE 7 days

Sample no. £ 215-27 215-34 401-40 | 438-12 438-26 438-34
5 point isothernms
TCE # 0.56 0.57 0.51 0.58 0.56 0.46
TCE log K¢ 1.02 0.95 1.96 0.80 1.03 2.29
TCE K¢ 10.5 8.9 91.3 6.3 10.8 197

£Sample texture designations are: 215-27, 438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 are silt.
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Table 8. Sorption measurement results: (A) TCE and (B) PCE.

(A) TCE
Sample Batch | Exp | Solid mass Water TCE conc. TCE sorbed | Ky cw Kacw . o
no. 4 no. no. (2 vol. (mL) | (aq) (ug/L) conc. (ug/kg) (L/kg) a(;:e/rlf(lg OKd s

215-27 1 1 11.82 8.71 2.27E+01 4.61E+01 2.0 2.04 0.01 58%
215-27 2 1 11.82 8.77 2.25E+01 4.62E+01 2.0 59%
215-27 1 2 11.82 8.74 4.46E+01 7.81E+01 1.8 1.9 0.1 62%
215-27 2 2 11.82 8.77 4.13E+01 8.05E+01 2.0 65%
215-27 1 3 11.83 8.73 9.49E+01 1.36E+02 1.4 1.42 0.01 61%
215-27 2 3 11.83 8.77 9.55E+01 1.35E+02 1.4 61%
215-27 1 5 11.81 8.08 2.43E+02 2.27E+02 0.9 0.933 0.001 52%
215-27 2 5 11.81 8.65 2.43E+02 2.27E+02 0.9 52%
215-27 1 6 11.81 8.74 6.87E+02 4.28E+02 0.6 0.6232 0.0004 43%
215-27 2 6 11.83 8.73 6.87E+02 4.28E+02 0.6 43%
215-27 1 7A 14.98 7.58 1.98E+03 6.79E+02 0.3 0.35 0.01 38%
215-27 2 7A 15.02 7.58 1.93E+03 7.02E+02 0.4 40%
215-27 1 7B 15.00 7.59 5.71E+03 1.48E+03 0.3 0.24 0.02 32%
215-27 2 7B 15.01 7.58 5.97E+03 1.34E+03 0.2 29%
215-34 1 1 15.01 7.49 2.65E+01 4.71E+01 1.8 1.8 0.1 58%
215-34 2 1 15.02 7.49 2.54E+01 4.76E+01 1.9 60%
215-34 1 2 15.04 7.58 4.77E+01 7.42E+01 1.6 1.6 0.1 65%
215-34 2 2 15.00 7.55 4.52E+01 7.57E+01 1.7 67%
215-34 1 3 15.02 7.58 1.01E+02 1.22E+02 1.2 1.19 0.03 64%
215-34 2 3 15.02 7.61 1.03E+02 1.21E+02 1.2 63%
215-34 1 5 15.00 7.50 2.60E+02 1.99E+02 0.8 0.768 0.004 55%
215-34 2 5 15.01 7.42 2.60E+02 2.00E+02 0.8 56%
215-34 1 6 15.01 7.58 7.40E+02 3. 74E+02 0.5 0.6 0.1 47%
215-34 2 6 15.02 7.58 6.72E+02 4.10E+02 0.6 52%
215-34 1 TA 14.98 7.58 2.09E+03 6.23E+02 0.3 0.30 0.01 35%
215-34 2 7A 15.00 7.59 2.07E+03 6.35E+02 0.3 35%
215-34 1 7B 15.00 7.58 6.09E+03 1.29E+03 0.2 0.20 0.01 28%
215-34 2 7B 14.99 7.58 6.20E+03 1.23E+03 0.2 26%
401-40 1 1 1.87 12.64 1.42E+01 2.69E+02 19.0 18.8 0.3 63%
401-40 2 1 1.87 12.65 1.44E+01 2.67E+02 18.5 62%
401-40 1 2 1.86 12.67 3.03E+01 4.67E+02 15.5 15.2 0.3 63%
401-40 2 2 1.87 12.76 3.07E+01 4.62E+02 15.0 63%
401-40 1 3 1.87 12.62 7.70E+01 7.54E+02 9.8 10.0 0.3 55%
401-40 2 3 1.87 12.65 7.49E+01 7.67E+02 10.2 56%
401-40 1 5 1.86 12.62 1.79E+02 1.34E+03 7.5 7.4 0.1 50%
401-40 2 5 1.86 12.70 1.81E+02 1.32E+03 7.3 49%
401-40 1 6 1.86 12.42 5.20E+02 2.48E+03 4.8 4.9 0.2 40%
401-40 2 6 1.86 12.40 5.07E+02 2.57E+03 5.1 41%
401-40 1 7A 8.73 9.85 2.25E+03 5.20E+03 2.3 2.3 0.1 66%
401-40 2 TA 8.72 9.88 2.31E+03 5.13E+03 2.2 65%
401-40 1 7B 8.74 9.83 9.14E+03 9.06E+03 1.0 0.97 0.03 45%
401-40 2 7B 8.72 9.84 9.30E+03 8.88E+03 1.0 44%
438-12 1 1 15.00 7.52 2.36E+01 2.70E+01 1.1 1.17 0.04 62%
438-12 2 1 15.01 7.50 2.28E+01 2.74E+01 1.2 64%
438-12 1 2 14.99 7.50 4.88E+01 5.23E+01 1.1 1.09 0.02 64%
438-12 2 2 15.00 7.58 4.78E+01 5.27E+01 1.1 65%
438-12 1 3 15.02 7.56 1.10E+02 9.57E+01 0.9 0.89 0.03 61%
438-12 2 3 15.03 7.59 1.06E+02 9.75E+01 0.9 62%
438-12 1 5 15.01 7.39 2.81E+02 1.68E+02 0.6 0.59 0.01 52%
438-12 2 5 15.00 7.53 2.83E+02 1.65E+02 0.6 51%
438-12 1 6 14.99 7.57 7.56E+02 3.44E+02 0.5 0.45 0.01 46%
438-12 2 6 15.02 7.58 7.71E4+02 3.36E+02 0.4 45%
438-12 1 7A 14.99 7.58 2.25E+03 5.18E+02 0.2 0.232 0.002 30%
438-12 2 7A 15.00 7.57 2.24E+03 5.22E+02 0.2 30%
438-12 1 7B 14.98 7.59 6.41E+03 1.09E+03 0.2 0.171 0.001 24%
438-12 2 7B 14.98 7.59 6.40E+03 1.09E+03 0.2 24%

* Average Kd’ is the average of replicate batch systems amended with a constant mass of TCE for each sample; oxais standard deviation of replicate
Kd measurements. **f; is the TCE mass fraction sorbed to the sediment. The fs is the fraction of newly added TCE sorbed and does not account for

the TCE initially present in the sample, therefore, f; can be underestimated for especially low concentration experiments. £Samplc texture

designations are: 215-27, 438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 are silt.
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Table 8(A) TCE cnt.

Sample Batch | Exp | Solid mass Water TCE conc. TCE sorbed Kicw mlii’zwe _ o
no. £ no. no. () vol. (mL) | (aq) (ug/L) conc. (ug/kg) L/kg) (L/k; Kd s

438-26 1 1 11.82 8.74 2.27E+01 4.12E+01 1.8 1.9 0.2 58%
438-26 2 1 11.83 8.80 2.08E+01 4.206E+01 2.0 62%
438-26 1 2 11.80 8.72 3.99E+01 7.69E+01 1.9 1.928 0.004 | 66%
438-26 2 2 11.81 8.80 3.98E+01 7.68E+01 1.9 66%
438-26 1 3 11.84 8.76 9.04E+01 1.34E+02 1.5 1.4 0.1 63%
438-26 2 3 11.83 8.85 9.37E+01 1.31E+02 1.4 61%
438-26 1 5 11.81 8.82 2.33E+02 2.27TE+02 1.0 0.980 0.005 54%
438-26 2 5 11.81 8.69 2.33E+02 2.29E+02 1.0 54%
438-26 1 6 11.81 8.74 6.73E+02 4.34E+02 0.6 0.66 0.02 44%
438-26 2 6 11.83 8.76 6.59E+02 4.44E+02 0.7 46%
438-26 1 7B 14.99 7.59 1.91E+03 7.07E+02 0.4 0.35 0.03 40%
438-26 2 7B 15.01 7.60 1.99E+03 06.64E+02 0.3 40%
438-26 1 7C 14.99 7.60 5.69E+03 1.48E+03 0.3 0.24 0.02 32%
438-26 2 7C 15.01 7.59 5.94E+03 1.35E+03 0.2 30%
438-34 1 1 1.87 12.58 8.95E+00 3.45E+02 38.5 39.6 1.6 71%
438-34 2 1 1.87 12.59 8.55E+00 3.48E+02 40.7 78%
438-34 1 2 1.86 12.71 1.93E+01 5.84E+02 30.3 30.8 0.7 77%
438-34 2 2 1.86 12.69 1.87E+01 5.87E+02 313 77%
438-34 1 3 1.87 12.76 4.23E+01 1.03E+03 24.4 24.0 0.5 75%
438-34 2 3 1.87 12.65 4.34E+01 1.03E+03 23.6 75%
438-34 1 5 1.87 12.61 1.25E+02 1.75E+03 14.1 14.5 0.6 65%
438-34 2 5 1.86 12.77 1.20E+02 1.79E+03 14.9 66%
438-34 1 6 1.87 12.43 3.82E+02 3.45E+03 9.0 9.4 0.5 56%
438-34 2 6 1.86 12.41 3.68E+02 3.57E+03 9.7 57%
438-34 1 7B 8.71 9.83 1.61E+03 6.02E+03 3.7 3.7 0.1 76%
438-34 2 7B 8.71 9.83 1.64E+03 5.97E+03 3.6 75%
438-34 1 7C 8.72 9.84 748E+03 1.11E+04 1.5 1.51 0.04 55%
438-34 2 7C 8.72 9.84 7.33E+03 1.12E+04 1.5 56%
Sarnia 1 1 0.48 13.15 1.24E+01 6.96E+02 56.2 54.5 2.5 66%
Sarnia 2 1 0.47 13.23 1.29E+01 6.82E+02 52.7 65%
Sarnia 1 2 0.47 13.33 2.70E+01 1.50E+03 55.4 50.5 1.5 66%
Sarnia 2 2 0.47 13.28 2.65E+01 1.53E+03 57.6 67%
Sarnia 1 3 0.47 13.15 5.83E+01 3.07E+03 52.6 51.7 1.2 64%
Sarnia 2 3 0.47 13.17 5.92E+01 3.01E+03 50.9 64%
Sarnia 1 5 0.47 13.32 1.44E+02 5.64E+03 39.3 39.2 0.1 58%
Sarnia 2 5 0.47 13.26 1.45E+02 5.66E+03 39.1 57%
Sarnia 1 6 0.47 12.94 3.83E+02 1.28E+04 33.4 35.1 2.3 54%
Sarnia 2 6 0.47 12.92 3.63E+02 1.33E+04 36.7 56%
Sarnia 1 7B 0.99 12.89 2.06E+03 4.09E+04 19.9 19.9 0.1 60%
Sarnia 2 7B 1.02 12.90 2.01E+03 4.02E+04 20.0 61%
Sarnia 1 7C 0.60 1291 8.69E+03 9.45E+04 10.9 11.3 0.6 33%
Sarnia 2 7C 0.61 12.90 8.42E+03 9.90E+04 11.8 35%

* Average Kacy’ is the average of replicate batch systems amended with a constant mass of TCE for each sample; oxais standard deviation of replicate
Ka,cw measurements.
**f; is the TCE mass fraction sorbed to the sediment. The f; is the fraction of newly added TCE sorbed and does not account for the TCE initially

present in the sample, therefore, f, can be underestimated for especially low concentration experiments. £Sample texture designations are: 215-27,
438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 ate silt.

28



Table 8(B) PCE

Sample Batch | Exp Solid \)\(/;z:)tle ! PCE conc. PCE sorbed Kacw aligwe . o
no. & no. no. mass (g) (ij (aq) (ng/L) | conc. (ug/kg) | (L/kg) (}/k; Okd s
215-27 1 5 11.81 8.73 7.75E+00 2.79E+01 3.6 3.7 0.1 81%
215-27 2 5 11.81 8.74 7.53E+00 2.81E+01 3.7 81%
215-27 1 5 11.81 8.91 1.20E+02 2.15E+02 1.8 1.789 0.001 69%
215-27 2 5 11.83 8.80 1.20E+02 2.15E+02 1.8 69%
438-34 1 5 1.87 12.79 6.90E+00 1.57E+02 22.8 255 3.8 76%
438-34 2 5 1.86 12.65 5.86E+00 1.65E+02 28.2 80%
438-34 1 5 1.86 12.61 1.06E+02 1.22E+03 11.5 12.4 1.3 62%
438-34 2 5 1.87 12.71 9.62E+01 1.28E+03 133 65%
Sarnia 1 1 0.48 13.19 3.00E+00 7.33E+02 244.8 247 3 89%
Sarnia 2 1 0.47 13.21 2.99E+00 743E+02 248.9 89%
Sarnia 1 2 0.49 13.30 3.06E+00 7.37TE+02 240.6 246 8 89%
Sarnia 2 2 0.47 13.22 3.02E+00 7.58E+02 251.2 90%
Sarnia 1 3 0.48 13.17 3.42E+00 8.44E+02 246.6 258 16 89%
Sarnia 2 3 0.47 13.31 3.19E+00 8.60E+02 269.6 90%
Sarnia 1 5 0.47 13.23 3.10E+00 7.27E+02 234.8 234 1 89%
Sarnia 2 5 0.47 13.14 3.09E+00 7.20E+02 233.4 89%
Sarnia 1 6 0.47 12.92 2.66E+00 7.56E+02 284.2 274 14 91%
Sarnia 2 6 0.47 12.91 2.85E+00 7.53E+02 264.5 90%
Sarnia 1 1 0.49 13.17 3.68E+01 06.73E+03 182.5 180 4 86%
Sarnia 2 1 0.48 13.16 3.84E+01 6.81E+03 177.4 86%
Sarnia 1 2 0.47 13.20 4.08E+01 7.06E+03 173.2 175 2 86%
Sarnia 2 2 0.48 13.25 3.99E+01 7.03E+03 176.2 86%
Sarnia 1 3 0.47 13.33 4.48E+01 7.65E+03 170.8 175 7 85%
Sarnia 2 3 0.47 13.39 4.28E+01 7.72E+03 180.2 86%
Sarnia 1 5 0.47 13.15 4.03E+01 6.62E+03 164.2 165 1 85%
Sarnia 2 5 0.48 13.32 3.92E+01 6.50E+03 166.0 85%
Sarnia 1 6 0.47 12.92 4.08E+01 7.15E+03 175.1 179 6 86%
Sarnia 2 6 0.46 12.92 3.96E+01 7.26E+03 183.1 86%

* Average Kacyw’ is the average of replicate batch systems amended with a constant mass of PCE for each sample; Gkais standard deviation of replicate
Kacw measurements.

**f; is the PCE mass fraction sorbed to the sediment. The f is the fraction of newly added PCE sorbed and does not account for the PCE initially
present in the sample, therefore, f; can be underestimated for especially low concentration experiments. £<Sample texture designations are: 215-27,
438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 ate silt.

Table 9. TCE Ky (mL/g) and Koc (mL/g C) estimated from fitted isotherms and measured foc for 215-27
and 438-34 samples at various solution concentrations.

Siz‘}fe 215.27 215-34 401-40 438-12 43826 438-34
TCE
conc. Ky Koc Ky Koc Ky Koc Ky Koc Ky Koc Ky Koc
(ug/L)
5 52 | 11300 | 44 | 6800 | 42 | 41400 | 32 | 5300 | 53 | 9700 | 83 | 78800
13 34 | 7400 | 29 | 4500 | 26 | 26000 | 22 | 3600 | 35 | 6300 | 49 | 47000
2 23 | 5000 | 20 | 3000 | 17 | 16800 | 1.5 | 2400 | 23 | 4300 | 30 | 28900
80 15 | 3300 | 13 | 2000 | 11 | 10700 | 1.0 | 1700 | 1.6 | 2800 | 19 | 17700
200 10 | 2200 | 089 | 1400 | 69 | 6900 | 070 | 1100 | 1.0 | 1900 | 11 | 10800
500 | 0.69 | 1500 | 0.60 | 920 | 44 | 4400 | 048 | 780 | 070 | 1300 | 69 | 6600
1600 | 041 | 900 | 036 | 560 | 25 | 2500 | 029 | 480 | 042 | 760 | 37 | 3500
5000 | 025 | 550 | 022 | 340 | 14 | 1400 | 018 | 300 | 025 | 460 | 20 | 1900

£Sample texture designations are: 215-27, 438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 ate silt.

29



Table 10. Sorption competition measurement results: (A) TCE and (B) PCE.

(A) TCE (Corresponding PCE concentrations are reported in Table 10B.)

- TCE - - TCE . - TCE
Sample | Exp. TCE sorbed TCE Tcr sorbed TCE TCE sorbed TCE Kd
no. £ no. | cone. (aq) conc, Kd conc. (aq) conc. Kd conc. (aq) conc, (./ke)
(g/1) we/ke | K| b/l we/keg | /9] Ge/D) (ne/ke)
PCE target no PCE PCE 0.4 ug PCE 3.9 ug

215-27 1 2.27E+01 | 4.61E+01 20 | 231E+01 | 4.48E+01 1.9 2.69E+01 | 4.17E+01 1.5
215-27 1 | 225E+01 | 4.62E+01 2.0 | 236E+01 | 4.44E+01 1.9 3.11E+01 | 3.84E+01 1.2
215-27 2 | 446E+01 | 7.81E+01 1.8 | 438E+01 | 7.72E+01 1.8 5.48E+01 | 6.85E+01 1.2
215-27 2 | 413E+01 | 8.05E+01 2.0 | 474E+01 | 7.44E+01 1.6 5.28E+01 | 7.04E+01 1.3
215-27 3 | 9.49E+01 | 1.36GE+02 1.4 | 9.68E+01 | 1.37E+02 1.4 1.17E+02 | 1.22E+02 1.0
215-27 3 | 9.55E+01 | 1.35E+02 1.4 | 9.78E+01 | 1.36E+02 1.4 1.13E+02 | 1.24E+02 1.1
215-27 5 | 243E+02 | 2.27E+02 0.9 | 2.49E+02 | 2.11E+02 0.8 2.70E+02 | 1.88E+02 0.7
215-27 5 | 243E+02 | 2.27E+02 0.9 | 2.43E+02 | 2.15E+02 0.9 2.73E+02 | 1.87E+02 0.7
215-27 6 | 6.87E+02 | 4.28E+02 0.6 | 6.86E+02 | 4.20E+02 0.6 744E+02 | 3.77E+02 0.5
215-27 6 | 6.87E+02 | 4.28E+02 0.6 | 7.06E+02 | 4.08E+02 0.6 7.20E+02 | 3.96E+02 0.5
438-34 1 8.95E+00 | 3.45E+02 | 385 | 9.10E+00 | 3.38E+02 37.1 | 1.31E+01 | 3.11E+02 23.8
438-34 1 8.55E+00 | 3.48E+02 | 40.7 | 8.35E+00 | 3.42E+02 41.0 | 1.17E4+01 | 3.19E+02 272
438-34 2 | 1.93E+01 | 5.84E+02 | 30.3 | 2.14E+01 | 5.61E+02 263 | 2.59E+01 | 5.34E+02 20.6
438-34 2 | 1.87E+01 | 5.87E+02 | 31.3 | 2.07E+01 | 5.63E+02 272 | 2.54E+01 | 5.37E+02 21.2
438-34 3 | 423E+01 | 1.03E+03 | 244 | 3.90E+01 | 1.07E+03 273 | 5.59E+01 | 9.51E+02 17.0
438-34 3 | 4.34E+01 | 1.03E+03 | 23.6 | 441E+01 | 1.03E+03 235 | 5.85E+01 | 9.35E+02 16.0
438-34 5 | 1.25E+02 | 1.75E+03 | 14.1 | 1.25E+02 | 1.70E+03 13.6 | 1.38E+02 | 1.56E+03 11.3
438-34 5 | 1.20E+02 | 1.79E+03 | 149 | 1.24E+02 | 1.70E+03 13.7 | 1.52E+02 | 1.47E+03 9.6
438-34 6 | 3.82E+02 | 3.45E+03 9.0 | 3.94E+02 | 3.36E+03 8.5 4.31E+02 | 3.08E+03 7.1
438-34 6 | 3.68E+02 | 3.57E+03 9.7 | 413E+02 | 3.20E+03 7.7 417E+02 | 3.1GE+03 7.6
Sarnia 1 1.24E+01 | 6.96E+02 | 56.2 broken 1.70E+01 | 5.51E+02 325
Sarnia 1 1.29E+01 | 6.82E+02 | 527 | 1.31E+01 | 6.54E+02 50.0 | 1.61E+01 | 5.70E+02 35.5
Sarnia 2 | 270E+01 | 1.50E+03 | 554 | 2.90E+01 | 1.43E+03 49.5 | 3.23E+01 | 1.35E+03 41.8
Sarnia 2 | 2.65E+01 | 1.53E+03 | 57.6 | 3.02E+01 | 1.38E+03 45.9 | 3.25E+01 | 1.34E+03 413
Sarnia 3 | 5.83E+01 | 3.07E4+03 | 52.6 | 5.98E+01 | 3.05E+03 51.0 | 6.84E+01 | 2.80E+03 41.0
Sarnia 3 | 5.92E+01 | 3.01E+03 | 50.9 | 5.99E+01 | 3.05E+03 50.9 | 6.96E+01 | 2.73E+03 39.3
Sarnia 5 | 1.44E+02 | 5.64E+03 | 39.3 | 1.42E+02 | 5.42E+03 383 | 1.57E+02 | 4.92E+03 31.4
Sarnia 5 | 1.45E+02 | 5.66E+03 | 39.1 | 1.43E+02 | 5.48E+03 382 | 1.57E+02 | 4.90E+03 31.3
Sarnia 6 || 3.83E+02 | 1.28E+04 | 334 | 3.83E+02 | 1.25E+04 325 | 4.06E+02 | 1.18E+04 29.0
Sarnia 6 | 3.63E+02 | 1.33E+04 | 36.7 | 3.82E+02 | 1.25E+04 328 | 4.00E+02 | 1.19E+04 29.7

Note: Batch system geometries (e.g. sediment mass) are listed in Table 8.

£Sample texture designations are: 215-27, 438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 are silt.
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(B) PCE (Cotresponding TCE concentrations are reported in Table 10A.)

Samp?e Exp rrzl;(sjs]is PCE conc. | PCE sotbed PCE Kd PCE conc. PC}iosr:)ébed PCE Kd
no. £ 0. | ded (u9) (aq) (ug/L) | conc. (ug/kg) L/kg (aq) (ng/L) (ue/ke) (L/kg)
PCE target PCE 0.4 ug PCE 3.9 ug
215-27 1 0.5 9.19E+00 2.78E+01 3.0 1.20E+02 2.26E+02 1.9
215-27 1 0.5 8.21E+00 2.86E+01 3.5 1.17E+02 2.29E+02 2.0
215-27 2 1.1 8.30E+00 2.95E+01 3.6 1.26E+02 2.32E+02 1.8
215-27 2 1.1 8.25E+00 2.95E+01 3.6 1.22E+02 2.36E+02 1.9
215-27 3 2.3 9.42E+00 3.17E+01 34 1.38E+02 2.50E+02 1.8
215-27 3 2.3 9.48E+00 3.17E+01 33 1.37E+02 2.49E+02 1.8
215-27 5 4.5 9.63E+00 2.65E+01 2.8 1.37E+02 2.02E+02 1.5
215-27 5 4.5 1.02E+01 2.61E+01 2.6 1.40E+02 2.00E+02 1.4
215-27 6 11.0 1.28E+01 2.51E+01 2.0 1.62E+02 1.98E+02 1.2
215-27 6 11.0 1.27E+01 2.53E+01 2.0 1.50E+02 2.07E+02 1.4
438-34 1 0.5 6.24E+00 1.69E+02 27.0 9.12E+01 1.39E+03 15.3
43834 | 1 0.5 630E+00 | 1.68E+02 26.6 8.58E+01 | 1.42E+03 16.6
438-34 2 1.1 5.77E+00 1.79E+02 31.0 8.73E+01 1.50E+03 17.2
438-34 2 1.1 5.62E+00 1.79E+02 31.8 8.47E+01 1.52E+03 17.9
438-34 3 2.3 6.12E+00 1.94E+02 31.8 1.03E+02 1.53E+03 14.8
438-34 3 2.3 6.58E+00 1.92E+02 29.1 1.03E+02 1.53E+03 14.9
438-34 5 4.5 7.63E+00 1.54E+02 20.2 9.83E+01 1.27E+03 12.9
438-34 5 4.5 7.40E+00 1.55E+02 20.9 1.04E+02 1.23E+03 11.7
438-34 6 11.0 9.29E+00 1.50E+02 16.2 1.12E+02 1.28E+03 11.4
438-34 6 11.0 9.92E+00 1.45E+02 14.6 1.07E+02 1.31E+03 12.2
Sarnia 1 0.5 broken 4.05E+01 6.94E+03 171.2
Sarnia 1 0.5 3.64E+00 7.28E+02 200.1 4.22E+01 6.80E+03 161.3
Sarnia 2 1.1 3.50E+00 7.66E+02 218.7 4.25E+01 7.18E+03 169.2
Sarnia 2 1.1 3.48E+00 7.60E+02 218.6 4.17E+01 7.18E+03 172.4
Sarnia 3 2.3 3.72E+00 8.32E+02 223.9 4.71E+01 7.60E+03 161.2
Sarnia 3 2.3 3.60E+00 8.35E+02 232.0 4.64E+01 7.52E+03 161.9
Sarnia 5 4.5 4.04E4+00 6.86E+02 169.6 4.58E+01 6.43E+03 140.4
Sarnia 5 4.5 3.96E+00 7.03E+02 177.5 4.57E+01 6.40E+03 139.9
Sarnia 6 11.0 4.34E+00 7.15E+02 164.9 5.08E+01 6.65E+03 130.8
Sarnia 6 11.0 4.41E+00 7.15E+02 162.0 5.11E+01 6.62E+03 129.6

Note: Batch system geometries (e.g.

sediment mass) are described in Table 8.
£Sample texture designations are: 215-27, 438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 are silt.

Table 11. Grain-size distribution as a percentage of total mass.

Grain Size (mm)
Sample
no. £ <042 | 042-1 | 12 | 24 | 4793 | 7.93-125 | 125-16 | 1625 | >25
215-27 16.0% | 83% | 24% | 7.1% | 13.1% 17.3% 7.4% 18.6% | 9.4%
438-26 13.7% | 13.4% | 7.7% | 43% | 8.3% 12.5% 5.4% 14.5% | 19.8%

£Sample texture designations are: 215-27, 438-26 are sand & gravel; 215-34, 438-12 are sand; and 401-40, 438-34 are silt.
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Table 12. The observed TCE total sediment concentrations determined by methanol extraction of four
different lithocomponent classes representative of those in the field samples. The lithocomponents were
selected from the 4-8mm size fraction.

TCE total Avg. TCE total
Sample name Batch no. sediment conc. sediment conc.
(ng/kg) (ng/kg)
Carbonate—r%ch s%ltstone MW1 2.85E+01 2 86E+01
Carbonate-rich siltstone MW2 2.86E+01
Dark sandstone MW1 3.31E+01
. +
Dark sandstone MW2 3.19E+01 3.25E+01
Light sandstone MW1 1.10E+01
1.07E+01
Light sandstone MW2 1.04E+01
Siltstone MW1 n.d. nd
Siltstone MW?2 n.d. h

n.d.=not detected

Table 13. TCE sorption measurement results for lithocomponents.

Solid Water TCE TCE sorbed Ky

Litho- Batch | Exp mass vol. | conc. (aq) conc. Ky average
component no. no. (© (mL) (ng/L) (ng/kg) L/kg) | L/kg) | okd £
Carbonate-rich

. 1 9 2.00 6.46 2.51E+02 7.28E+02 2.9 3.0 0.1 46%
siltstone
Carbonate-rich 2 9 201 | 631 | 249E+02 | 7.42E+02 3.0 47%
siltstone
Carbonate-rich 3 9 201 | 647 | 245E+02 | 7.43E+02 3.0 47%
siltstone
Dark sandstone 1 9 6.00 474 | 3.29E4+02 | 2.70E+02 0.8 0.84 0.02 | 46%
Dark sandstone 2 9 6.00 486 | 3.24E+02 | 2.70E+02 0.8 46%
Dark sandstone 3 9 6.00 4.80 3.20E+02 2.75E+02 0.9 47%
Light sandstone 1 9 5.98 4.87 5.00E+02 9.74E+01 0.2 0.19 0.01 17%
Light sandstone 2 9 6.00 4.67 | 5.19E+02 | 9.33E+01 0.2 16%
Light sandstone 3 9 Broken
Siltstone 1 9 3.00 6.06 | 430E+02 | 1.24E+02 0.3 0.28 0.01 12%
Siltstone 2 9 2.99 6.07 4.32E+02 1.20E+02 0.3 12%

* Average Ky’ is the average of replicate batch systems amended with a constant mass of TCE for each

sample; Okqis standard deviation of replicate Ky measurements.

**f, is the TCE mass fraction sorbed to the sediment. The f; is the fraction of newly added TCE sorbed and does not
account for the TCE initially present in the sample, therefore, f; can be underestimated for especially low concentration
experiments.
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Table 14. The fraction organic carbon content (foc) and Koc (mL/g C) for the lithocomponents

Lithocomponent

Carbonate-rich

Dark sandstone

Light sandstone

Siltstone

siltstone
Jfoc 0.00063 0.00052 0.00026 0.00059
foc RPD* 1.0% 0.6% 3.2%
Koc** 4700 1600 710 480

*RPD indicates relative percent difference between duplicate foc measurements. The focfor siltstone was

analyzed for a single sample.

**Koc was computed using the average of Kycyw for each lithocomponent at the measured aqueous
concentrations (See Table 12).
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Figures

Figures

Figure 1. Microphotographs of 438-34 (a, b, ¢), and 215-27 (d, e, f) with reflected white light (a, c, d) and
fluorescence mode (b, e, f) in oil immersion: a) dark grey and black fine granular aggregates with grey-colored
vitrinite as isolated fragmentary particles, b) Yellow-colored lamalginite and liptodetrinite occurred in
bituminite, ¢) natural char with high reflectance, d) dark grey and black fine granular aggregates with
migrabitumen and grey-colored vitrinite particles, €) yellowish-brown bituminite with intense greenish-yellow
telalginite, and f) pale yellow huminite.

34



1E+04

F(A) 215-27
L ) m
1E+03 |
2 |
> L
2
> L
1E+02 |
r -0
i B
L é :
1E+01
1E+00 1E+01 1E+02 1E+03 1E+04 1E+05
Cw (ug/L)
1E+06 [
f (C) Sarnia
1E+05
o L
=
glE+O4 3
o L
[ ¢ Main sorption data (EXP 1-7)
A 7-day sorption
1E+03 F .
F 0O 28-day sorption
[ —TCE isotherm
L + 7-day background conc.
1E+02 L Ll L Ll L ° 28—daybackgroundconc.
1E+00 1E+01 1E+02 1E+03 1E+04 1E+05
Cw (ug/L)

Figure 2. Comparison of 7 and 28 days TCE sorption data with 7-day main sorption results for (A) 215-27
(sand & gravel), and (B) 438-34 (silt), and (C) Sarnia (silt) samples. The dotted lines represent extensions of
the ‘five-point’ isotherm (described in text).
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Figure 3. TCE sorption behavior for (A) silt samples and (B) sand and sand & gravel samples with empirical
estimates (¢=KaCyw= Koc foc Cy) as a reference. Lines through the data are Freundlich isotherm fits for each
sample. The Koc is 94 L/kg, the geometric mean of field samples as reported in EPA Soil Screening
Guideline. Two average values of the measured foc for high and low foc sample groups are used to produce a
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range reflecting the range of foc in the field samples of this study. The linear sorption isotherms (i.e. empirical
approach, g=KocfocCy) are provided to compare the sorption behavior of site samples for any concentration.

Single-solute sorption results for TCE and PCE  Competition sorption results for TCE with PCE

1E+03 ¢ 1E+01 ¢
F(A) 215-27 - (D) 215-27
g g
3 1E402 2 1E+00
o r =) [
> jon
o
1E+01 R 1E-01
1E+04 1E+02 ¢
(B) 438-34 r (E) 438-34
&
5 ;
< & 3
g 1E+03 a P g 1E+01 r
L 7 =
o e o
O
Kis|
1E+02 L Lol L Lo L Lo L Lo 1E+OO
1E+05 ¢ 1.E+03
(C) Sarnia
1E+04 © _L1E+02 ¢
—~ E o E
(@] X
E E
g =
~ >
e 2
o
1E+03 ¢ 1.E+01 -
1E+02 L Loy L Loy L Loy 1E+00
1E-06 1E-05 1E-04 1E-03 1.E-02 1.E-01 1.E+00 1.E+01
Cw/S Cw (umol/L)

Figure 4. TCE (<) and PCE (0J) sorption behavior from single-solute sorption measurements for (A) 215-
17, (B) 438-34, and (C) Sarnia samples. The solid and dotted lines represent TCE and PCE isotherms,
respectively. Comparison of IAST-predicted and observed TCE sorption to (D) 215-27, (E) 438-34, and (F)
Sarnia samples in the presence of three different initial masses of PCE: no PCE (<), 0.4 ug PCE (+), and 3.9
ug PCE (O). The solid lines represent TCE sorption isotherms, and the dashed lines are an extension of
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isotherms. Two dotted lines represent the IAST prediction for TCE with 0.4 ug (----) and 3.9 pg (— --) initial
masses of PCE, respectively.
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Figure 5. Weight percentage and the measured Ky (I./kg) of each lithocomponent from 4-8 mm grain-size
fraction of sediment sample 215-27.
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Appendix B

Table B.1: Monthly Extraction and Injection Volumes, January 2003 through
September 2017, OU#3 and MA-A

Plate B.1: Groundwater Extraction and Clean Water Injection Rates versus

Time, Upper Aquifer

IRM Final Report for OU#3 and MA-A November 10, 2017

GROUNDWATER SCIENCES, P.C.
GROUNDWATER SCIENCES CORPORATION



Extraction Wells

Injection Wells

Table B.1

Monthly Extraction and Injection Volumes (in gallons)
2003-2017
MA-A and OU#3

Month| EN-120 | EN-160 | EN-92P EN-194 EN-215T | EN-499T | EN-091T EN-133 | EN-451P | EN-447T | EN-284TD | EN-284P | EN-276 | EN-276R| EN-185 | EN-185R | EN-195 | EN-222 | EN-491T | EN-492T [ Month| EN-510T | EN-092P | EN-078T | EN-501T | EN-161T | EN-529T | EN-530T | EN-532T
Jan-03| 248,151 | 342,688 - 425,505 - - - 2,688,189 - - - - 104,088 - 305,731 - 525,539 | 355,078 - - Jan-03 - - - - - - - -
Feb-03| 274,754 | 337,915 - 378,173 - - - 2,412,892 - - - - 98,382 - 278,740 - 472,868 | 330,861 - - Feb-03 - - - - - - - -
Mar-03| 313,146 | 381,194 - 461,194 - - - 2,679,350 - - - - 64,729 - 334,128 - 507,501 | 410,990 - - Mar-03 - - - - - - - -
Apr-03| 313,030 | 364,943 - 422,945 - - - 2,598,024 - - - - 147,777 - 352,778 - 474,249 | 423,433 - - Apr-03 - - - - - - - -
May-03| 333,582 | 373,607 - 431,587 - - - 2,746,673 - - - - 186,338 - 401,902 - 437,883 | 446,935 - - May-03 - - - - - - - -
Jun-03 324,150 | 359,485 - 422,894 - - - 2,659,682 - - - - 140,514 - 428,282 - 412,339 | 443,007 - - Jun-03 - - - - - - - -
Jul-03| 392,537 | 354,176 - 462,312 - - - 2,779,016 - - - - 158,419 - 396,310 - 504,514 | 246,689 - - Jul-03 - - - - - - - -
Aug-03| 507,946 | 367,552 - 440,424 - - - 3,605,607 - - - - 210,699 - 342,552 - 563,513 | 245,018 - - Aug-03 - - - - - - - -
Sep-03| 481,802 | 363,704 - 488,643 - - - 2,684,904 - - - - 170,703 - 277,213 - 492,193 | 279,735 - - Sep-03 - - - - - - - -
Oct-03| 379,481 | 346,038 - 357,898 - - - 2,127,265 - - - - 96,574 - 219,102 - 384,150 | 203,920 - - Oct-03 - - - - - - - -
Nov-03| 458,553 | 104,336 - 100,287 - - - - - - - - 76 - 46,505 - 109,644 | 49,062 - - Nov-03 - - - - - - - -
Dec-03| 671,094 | 490,774 - 456,124 - - - 2,301,798 - - - - 86,472 - 208,489 - 480,692 | 223,729 - - Dec-03 - - - - - - - -
Jan-04| 396,746 | 386,800 - 351,109 - - - 2,623,700 - - - - 161,816 - 341,770 - 464,890 | 186,410 - - Jan-04 - - - - - - - -
Feb-04| 331,709 | 362,865 - 322,695 - - - 2,475,240 - - - - 118,602 - 391,889 - 418,900 | 159,482 - - Feb-04 - - - - - - - -
Mar-04| 390,118 | 389,602 - 316,499 - - - 2,471,195 - - - - 110,426 - 383,782 - 456,017 | 215,748 - - Mar-04 - - - - - - - -
Apr-04( 391,969 | 421,782 - 334,649 - - - 2,580,084 - - - - 197,873 - 603,580 - 427,283 | 381,692 - - Apr-04 - - - - - - - -
May-04| 677,487 | 419,536 - 464,489 - - - 2,665,748 - - - - 395,522 - 546,969 - 502,207 | 369,863 - - May-04 - - - - - - - -
Jun-04( 761,860 | 404,671 - 514,613 - - - 2,302,154 - - 20,520 - 260,215 - 592,434 - 723,110 | 375,023 - - Jun-04 - - - - - - - -
Jul-04| 633,334 | 436,501 - 468,285 - - - 2,326,440 - - 2,115,893 - 169,740 - 601,395 - 423,369 | 413,422 - - Jul-04 - - - - - - - -
Aug-04| 541,551 | 569,248 - 382,916 - - - 2,312,050 - - 2,064,987 - 112,908 - 542,820 - 541,886 | 237,675 - - Aug-04 - - - - - - - -
Sep-04| 476,949 | 537,716 - 382,342 - - - 2,201,740 - - 1,896,402 - 232,612 - 463,847 - 375,954 | 248,134 - - Sep-04 - - - - - - - -
Oct-04( 369,861 | 521,331 - 388,609 - - - 2,551,730 - - 2,037,156 - 373,475 - 426,517 - 517,302 | 213,990 - - Oct-04 - - - - - - - -
Nov-04| 435,524 | 514,131 - 372,484 - - - 2,388,020 - - 1,476,138 - 478,401 - 362,794 - 499,703 | 161,977 - - Nov-04 - - - - - - - -
Dec-04( 537,658 | 529,561 - 414,625 - - - 2,546,160 - - 1,786,966 - 400,535 - 417,323 - 643,951 | 374,610 - - Dec-04 - - - - - - - -
Jan-05| 500,143 | 544,460 | 237,520 438,889 - - - 2,486,500 - - 1,607,508 - 349,548 - 397,438 - 643,249 | 404,253 - - Jan-05 - - - - - - - -
Feb-05| 497,214 | 293,970 | 617,782 484,484 - - - 2,074,800 - - 1,538,500 - 286,601 - 330,270 - 499,300 | 326,217 - - Feb-05 - - - - - - - -
Mar-05| 481,030 | 385,733 | 660,820 528,639 - - 471,960 | 2,878,680 - - 1,432,960 - 219,019 - 364,074 - 545,672 | 365,163 - - Mar-05 - - - - - - - -
Apr-05( 406,835 | 411,760 | 732,850 525,345 - - 638,520 | 2,760,440 - - 1,256,810 - 462,116 - 313,519 - 524,018 | 351,108 - - Apr-05 - - - - - - - -
May-05| 454,738 | 466,147 | 750,390 587,561 - - 264,510 | 2,778,770 - - 1,334,680 - 425,766 - 275,624 - 522,698 | 185,533 - - May-05 - - - - - - - -
Jun-05( 432,822 | 449,525 | 665,820 562,715 - - 354,710 | 2,443,320 - - 1,249,470 - 344,687 - 304,453 - 720,378 | 318,842 - - Jun-05 - - - - - - - -
Jul-05( 311,025 | 479,877 | 509,510 565,526 - - 304,281 | 2,519,231 - - 1,359,000 - 272,569 - 368,323 - 691,291 | 258,075 - - Jul-05 - - - - - - - -
Aug-05( 271,353 | 403,822 | 328,981 495,558 - - 165,736 | 2,384,710 - - 1,298,720 - 210,002 - 361,626 - 576,307 | 218,398 - - Aug-05 - - - - - - - -
Sep-05( 207,540 | 454,101 | 232,510 509,832 - - 114,645 | 2,281,010 - - 1,066,480 - 232,835 - 321,335 - 500,126 | 162,518 - - Sep-05 - - - - - - - -
Oct-05( 181,169 | 457,922 | 195,384 494,559 - - 76,783 | 2,425,590 - - 1,073,190 - 298,215 - 301,448 - 456,198 | 149,717 - - Oct-05 - - - - - - - -
Nov-05| 185,465 | 432,760 | 110,867 510,251 - - 93,674 | 2,363,990 - - 925,160 - 402,368 - 229,319 - 479,879 | 160,204 - - Nov-05 - - - - - - - -
Dec-05( 223,645 | 454,104 - 522,767 - - 112,114 | 2,539,531 - - 1,133,090 - 340,629 - 438,466 - 484,257 | 153,347 - - Dec-05 - - - - - - - -
Jan-06| 247,036 | 455,877 | 12,131 508,632 - - 121,082 | 2,586,051 - - 1,021,450 - 263,498 - 419,721 - 476,727 | 135,842 - - Jan-06 - - - - - - - -
Feb-06| 226,043 | 428,660 | 99,795 472,080 - - 116,786 | 2,316,020 - - 873,940 - 288,375 - 359,673 - 411,673 | 186,302 170,133 | 155,239 | Feb-06 - - - - - - - -
Mar-06| 240,322 | 483,395 | 110,634 521,102 288,930 - 116,677 | 2,535,491 - 455,760 | 1,177,230 - 411,934 - 359,859 - 315,778 | 157,207 929,966 | 426,895 [Mar-06 - - - - - - - -
Apr-06( 200,626 | 398,827 | 150,438 491,871 - 261,540 102,903 | 2,486,950 - - 1,134,430 - 331,787 - 316,410 - 235,042 | 149,697 574,141 | 11,930 | Apr-06 - - - - - - - -
May-06| 196,742 | 386,820 | 135,068 509,131 - 546,090 64,905 | 2,495,900 - 796,780 | 1,081,540 - 295,995 - 233,228 - 231,000 | 106,050 560,078 | 407,287 |May-06 - - - - - - - -
Jun-06| 131,610 | 198,376 | 82,607 474,984 - 2,195,510 30,335 | 2,254,080 | 22,595 | 3,064,071 931,390 - 180,901 - 165,145 - 163,698 | 74,475 546,280 | 341,398 | Jun-06 - - - - - - - -
Jul-06( 136,451 | 192,841 | 84,371 495,009 - 2,283,120 55,877 | 2,529,802 | 125,835 | 3,293,381 961,030 - 429,026 - 150,769 - 243,041 | 123,902 491,830 | 379,013 | Jul-06 - - - - - - - -
Aug-06| 127,559 | 201,564 | 80,368 503,482 162,340 | 2,251,330 53,233 | 2,490,415 | 146,103 | 3,167,669 | 1,124,570 - 440,902 - 349,466 - 211,531 | 141,140 796,510 | 388,284 | Aug-06 - - - - - - - -
Sep-06( 97,103 | 117,000 [ 58,115 380,270 | 1,791,490 | 2,271,220 44,714 | 2,347,710 | 144,894 | 3,555,531 | 1,130,840 - 376,318 - 283,411 - 190,030 | 149,680 744,860 | 317,544 | Sep-06 - - - - - - - -
Oct-06| 69,887 | 54,228 | 41,692 262,288 | 1,051,540 | 2,418,750 26,019 | 2,590,701 | 180,600 | 3,804,501 | 1,039,730 - 303,261 - 214,765 - 185,939 | 144,797 692,943 | 278,514 | Oct-06 - - - - - - - -
Nov-06| 46,426 | 14,847 | 25,046 117,871 816,172 | 2,350,014 6,964 | 2,325,379 | 147,178 | 3,561,420 910,806 - 274,130 - 206,163 - 181,966 | 79,767 602,534 | 250,387 | Nov-06 - - - - - - - -
Dec-06 - - - - 616,190 | 2,434,510 4,723 | 2,341,579 | 129,385 | 3,802,191 907,350 - 275,342 - 226,154 - 185,087 | 103,611 562,420 | 289,327 | Dec-06 - - - - - - - -
Jan-07 - - - - 165,460 | 2,458,870 - 2,101,550 | 80,916 | 3,780,501 271,050 587,900 | 205,324 - 183,515 - 155,714 | 91,866 549,320 | 280,823 | Jan-07 - - - - - - - -
Feb-07 - - - - - 2,225,090 - 1,694,620 | 70,986 | 3,304,751 - 765,200 | 157,956 - 100,658 - 131,613 | 96,073 482,510 | 248,774 | Feb-07 - - - - - - - -
Mar-07 - - - - - 2,447,710 - 1,709,850 | 81,042 | 3,200,060 - 674,400 | 165,927 - 100,849 - 134,027 | 78,105 502,700 | 280,640 | Mar-07 - - - - - - - -
Apr-07 - - - - - 2,351,178 - 1,882,900 | 72,304 | 2,793,026 - 623,766 | 193,522 - 144,368 - 128,759 | 105,398 452,636 | 281,644 | Apr-07 - - - - - - - -
May-07 - - - - - 2,379,520 - 1,990,210 | 104,112 | 2,928,000 - 594,320 | 199,956 - 226,461 - 159,362 | 152,773 429,170 | 282,692 [May-07 - - - - - - - -
Jun-07 - - - - - 2,339,590 - 1,835,360 | 66,950 | 2,809,000 - 699,750 | 177,068 - 213,497 - 171,775 | 57,183 442,280 | 276,863 | Jun-07 - - - - - - - -
Jul-07 - - - - - 2,354,650 - 1,591,320 | 51,402 | 2,658,198 - 638,441 | 120,039 - 127,656 - 133,361 | 45,914 461,680 | 287,562 | Jul-07 - - - - - - - -
Aug-07 - - - - - 2,349,300 - 1,414,250 | 43,315 | 2,263,548 - 701,815 | 78,838 - 83,597 - 140,777 | 47,868 454,990 | 291,154 | Aug-07 - - - - - - - -
Sep-07 - - - - - 2,030,910 - 1,136,710 | 25,543 | 1,826,000 - 540,840 | 50,246 - 41,406 - 125,253 | 20,553 407,760 | 272,610 | Sep-07 - - - - - - - -
Oct-07 - - - - - 1,944,130 - 1,121,002 | 11,303 | 1,609,960 - 442,820 | 37,010 - 134,424 - 89,761 | 27,279 384,100 | 275,382 | Oct-07 - - - - - - - -
Nov-07 - - - - - 1,672,640 - 1,080,490 914 | 1,416,750 - 455,380 | 34,744 - 112,339 - 24,645 | 36,324 371,790 | 249,772 | Nov-07 - - - - - - - -
Dec-07 - - - - - 1,571,150 - 1,217,060 211,393,690 - 577,900 122 - 94,474 - 27,482 | 162,161 422,580 | 285,333 | Dec-07 - - - - - - - -
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Extraction Wells

Injection Wells

Table B.1

Monthly Extraction and Injection Volumes (in gallons)
2003-2017
MA-A and OU#3

Month| EN-120 | EN-160 | EN-92P EN-194 EN-215T | EN-499T | EN-091T EN-133 | EN-451P | EN-447T | EN-284TD | EN-284P | EN-276 | EN-276R| EN-185 | EN-185R | EN-195 | EN-222 | EN-491T | EN-492T [ Month| EN-510T | EN-092P | EN-078T | EN-501T | EN-161T | EN-529T | EN-530T | EN-532T
Jan-08 - - - - - 1,496,350 - 1,214,860 | 53,537 | 1,474,500 - 679,240 | 130,069 - 125,155 - 15,302 | 113,938 451,410 | 240,926 | Jan-08 - - - - - - - -
Feb-08 - - - - - 1,447,160 - 1,180,610 | 59,994 | 1,358,980 - 643,590 | 166,889 - 114,031 - 22,045 | 35,745 426,080 | 173,250 | Feb-08 - - - - - - - -
Mar-08 - - - - - 1,771,180 - 1,225,340 | 61,513 | 1,423,300 - 662,190 | 135,248 - 185,205 - 97,781 | 95,214 446,620 | 343,283 [Mar-08 - - - - - - - -
Apr-08 - - - - 180,210 | 2,202,120 - 1,531,000 | 51,278 | 1,422,990 - 698,930 | 197,923 - 227,070 - 151,084 | 173,483 445,280 | 353,541 | Apr-08 - - - - - - - -
May-08 - - - - 429,581 | 2,633,110 - 1,516,450 | 73,506 849,020 - 750,780 | 200,115 - 184,697 - 143,515 | 160,474 417,930 | 327,584 [May-08 - - - - - - - -
Jun-08 - - - - 491,949 | 2,124,460 - 1,628,853 | 127,490 | 1,097,730 - 748,680 | 194,317 - 189,521 - 179,193 | 45,799 450,870 | 310,498 | Jun-08 - - - - - - - -
Jul-08 - 441 - 63,976 521,242 | 2,039,960 - 1,680,830 | 167,992 | 1,632,070 - 726,860 | 196,573 - 141,424 - 165,181 | 53,088 448,720 | 313,130 | Jul-08 - - - - - - - -
Aug-08 - - - 227,732 495,763 | 1,818,390 - 1,585,940 | 130,705 | 1,646,380 - 727,080 | 122,109 - 121,449 - 148,242 | 79,577 440,600 | 336,798 [ Aug-08 - - - - - - - -
Sep-08 - - - 174,667 547,117 | 1,865,410 - 1,596,350 | 101,217 | 2,454,890 - 665,170 | 147,178 - 73,233 - 125,488 | 87,593 431,440 | 291,024 | Sep-08 - - - - - - - -
Oct-08 - - - 83,698 648,327 | 1,779,440 - 1,506,200 | 72,304 | 3,451,410 - 610,365 | 162,686 - 41,287 - 69,242 | 68,533 441,940 | 209,045 | Oct-08 - - - - - - - -
Nov-08 - - - 2,355 578,611 | 1,375,350 - 1,243,070 2,841 | 2,600,610 - 567,289 | 118,622 - 50,650 - 15,090 | 63,110 404,100 | 193,031 [ Nov-08| 663,960 - - - - - - -
Dec-08 - - - - 560,985 805,940 - 1,236,180 | 48,310 | 2,339,730 - 598,306 | 113,137 - 50,242 - 31,278 | 49,441 400,770 | 201,662 | Dec-08| 3,245,170 - - - - - - -
Jan-09 - - - - 533,677 | 1,230,300 - 1,659,950 | 138,595 | 2,216,690 - 644,184 | 84,561 - 50,929 - 81,483 | 165,092 419,100 | 174,825 | Jan-09| 3,249,580 - - - - - - -
Feb-09 - - - - 483,077 | 1,160,240 - 2,089,320 | 114,801 | 2,075,889 - 577,826 | 136,974 - 91,217 - 35,368 | 157,003 399,157 | 168,823 | Feb-09( 3,019,106 - - - - - - -
Mar-09 - - - - - - - 2,319,556 | 141,675 | 2,320,840 - 676,327 | 155,667 - 82,586 - 131,034 | 158,837 396,386 | 192,876 |Mar-09| 4,213,947 - - - - - - -
Apr-09 - - - - - - - 2,614,810 | 152,798 | 2,205,450 - 700,690 | 179,562 - 53,380 - 130,009 | 44,474 470,123 | 170,254 | Apr-09] 4,332,550 - - - - - - -
May-09 - - - - - - - 2,814,060 | 167,638 | 2,029,176 - 723,946 | 212,289 - 70,939 - 87,899 | 40,313 472,142 | 212,183 [May-09| 4,501,320 388,802 - - - - - -
Jun-09 - - - - 1,405,907 164,800 79,108 | 2,868,150 | 180,429 | 2,819,120 - 753,797 | 187,087 - 67,922 - 120,588 | 32,575 457,509 | 227,508 | Jun-09]| 4,343,050 | 1,933,881 - - - - - -
Jul-09 - - - - 650,481 | 1,777,204 112,871 | 3,303,319 | 201,271 | 2,916,503 - 849,568 | 191,380 - 53,127 - 131,066 | 40,332 469,909 | 231,380 | Jul-09| 5,050,852 | 2,091,309 - - - - - -
Aug-09 - - - - - 1,792,395 73,878 | 3,471,941 | 239,825 | 2,728,754 - 779,793 | 170,935 - 41,192 - 138,947 | 43,247 424,828 | 214,290 | Aug-09] 4,888,320 | 1,303,933 - - - - - -
Sep-09 - - - - - 2,076,660 103,036 | 3,333,400 | 246,971 | 2,899,330 - 1,019,760 | 254,185 - 37,778 - 144,239 | 49,269 467,495 | 265,677 | Sep-09] 4,595,700 | 1,541,518 - - - - - -
Oct-09 - - - - 564,021 | 1,717,239 61,218 | 3,148,497 | 238,716 | 2,954,484 - 1,135,677 | 251,408 - - 139,494 | 137,010 | 55,863 540,304 | 290,644 | Oct-09| 2,802,647 | 2,596,689 - - - - - -
Nov-09 - - - 39,895 | 1,425,662 | 1,338,198 114,794 | 3,274,289 | 260,074 | 3,125,149 - 1,181,390 | 242,449 - - 264,611 | 131,773 | 43,583 486,926 | 291,196 [ Nov-09]| 4,602,946 | 3,414,482 | 1,161,787 - - - - -
Dec-09 - - - 336,730 | 1,743,605 | 1,539,834 150,814 | 3,429,390 | 282,327 | 3,033,408 - 1,251,638 | 219,494 - - 263,469 | 151,179 | 45,509 548,319 | 271,567 | Dec-09| 4,807,331 | 3,451,194 | 1,083,218 - - - - -
Jan-10 - - - 423,588 | 1,757,213 | 1,794,478 148,053 | 3,336,173 | 270,348 38,598 - 1,196,353 | 203,336 - - 221,348 | 152,275 | 47,595 585,919 | 247,167 | Jan-10| 4,290,594 | 3,308,151 716,379 - - - - -
Feb-10 - - - 391,363 | 1,548,688 | 2,017,641 142,871 | 3,190,307 | 275,825 | 2,615,994 - 1,502,993 | 211,717 - - 180,767 | 145,382 | 44,261 543,729 | 175,565 | Feb-10| 4,327,850 | 2,944,337 748,704 - - - - -
Mar-10 - - - 423,134 1 1,002,750 | 2,409,344 158,409 | 3,490,834 | 300,804 | 3,189,634 - 1,720,258 | 232,603 - - 193,916 | 191,876 | 54,130 630,008 | 155,341 | Mar-10| 4,584,502 | 3,006,340 714,260 - - - - -
Apr-10 - - - 386,392 | 1,644,209 | 2,435,914 144,227 | 3,687,668 | 306,940 | 3,402,405 - 1,776,089 | 202,221 - - 147,922 | 191,099 | 58,458 687,472 | 235,874 | Apr-10| 4,750,740 | 2,043,659 804,655 646,137 - - - -
May-10 - - - 354,119 | 2,148,193 | 2,722,413 153,495 | 3,742,914 | 325,555 | 3,219,957 - 1,825,361 | 201,366 - - 197,975 | 200,572 | 68,112 663,567 | 348,050 |May-10| 4,881,197 | 2,732,567 688,899 | 2,296,691 - - - -
Jun-10 - - - 397,240 | 2,168,265 | 2,527,331 171,694 | 3,555,843 | 289,454 | 3,708,681 - 1,655,828 | 171,725 - - 128,797 | 217,471 | 85,362 717,255 | 247,500 | Jun-10| 4,693,837 | 2,128,947 868,977 | 2,267,197 742,454 - - -
Jul-10 - - - 403,169 | 2,304,435 | 2,656,300 165,395 | 3,515,720 | 336,772 | 3,975,290 - 1,670,986 | 138,561 - - 200,375 | 263,972 | 76,246 787,063 | 314,014 | Jul-10( 4,839,280 | 2,046,036 907,913 | 2,329,283 | 1,156,394 - - -
Aug-10 - - - 383,389 | 1,872,142 | 2,752,129 161,760 | 3,369,337 | 286,038 | 4,025,444 - 1,649,101 | 192,097 - - 436,061 | 242,952 [ 61,930 819,104 | 288,400 | Aug-10| 4,848,874 | 1,337,434 | 1,049,470 | 1,617,050 | 1,085,674 - - -
Sep-10 - - - 357,948 | 1,946,828 | 2,672,421 140,561 | 3,155,820 | 228,488 | 3,830,609 - 1,436,055 | 139,881 - - 244,533 | 212,534 | 47,814 770,945 | 203,164 | Sep-10| 4,736,268 | 1,219,773 635,831 | 1,957,155 818,622 - - -
Oct-10 - - - 360,677 | 2,158,414 | 2,851,865 161,765 | 3,804,780 | 225,646 | 4,058,737 - 1,400,062 | 206,073 - - 338,317 | 257,009 | 42,281 773,010 | 278,972 | Oct-10| 4,916,227 | 1,505,270 | 1,142,027 | 2,380,615 | 1,143,620 - - -
Nov-10 - - - 372,237 | 2,428,120 | 2,794,052 142,504 | 3,810,402 | 214,969 | 3,917,530 - 1,813,454 | 214,712 - - 397,747 | 258,186 | 44,689 785,977 | 335,280 | Nov-10| 4,668,739 | 2,270,323 | 1,498,552 | 1,895,147 | 1,063,919 - - -
Dec-10 - - - 364,710 | 2,597,847 | 1,809,490 135,970 | 3,857,385 | 258,535 | 3,899,833 - 1,912,455 | 237,456 - - 268,506 | 256,457 | 44,192 828,994 | 263,454 | Dec-10| 4,655,391 | 2,118,703 | 1,487,583 495,568 | 1,040,130 - - -
Jan-11 - - - 394,327 | 2,698,673 | 1,988,700 127,741 | 3,831,698 | 255,296 | 4,011,834 - 1,942,337 | 216,286 - - 188,970 | 260,998 | 40,459 847,086 | 404,368 | Jan-11| 4,836,288 279,660 | 1,533,345 | 2,167,413 | 1,037,168 | 3,054,672 - -
Feb-11 - - - 435,717 | 2,358,130 | 2,431,453 161,740 | 3,258,362 | 263,963 | 3,413,717 - 1,613,180 | 131,098 - - 87,928 | 279,457 | 104,466 721,045 | 362,437 | Feb-11| 4,494,165 - 1,164,531 | 1,403,835 772,703 | 3,633,080 - -
Mar-11 - - - 369,240 | 2,749,987 | 2,915,297 203,181 | 4,017,945 | 279,939 | 4,014,159 - 2,146,763 | 176,292 - - 328,498 | 336,610 | 122,565 851,267 | 410,524 Mar-11| 4,823,376 - 1,707,874 946,155 | 1,121,834 | 4,454,998 - -
Apr-11 - - - 351,244 | 2,907,530 | 2,923,710 293,894 | 4,148,502 | 287,717 | 3,859,244 - 2,271,867 | 204,138 - - 436,553 | 362,231 [ 78,629 832,906 | 405,012 | Apr-11| 4,348,979 - 1,567,881 | 1,187,219 | 1,048,756 | 5,499,436 - -
May-11 - - - 858,230 | 2,788,489 | 2,693,468 464,600 | 4,525,356 | 353,582 | 3,996,367 - 2,940,867 | 185,564 - - 558,006 | 551,828 | 115,300 878,804 | 338,493 (May-11| 4,822,494 - 1,692,270 | 1,222,307 | 1,142,095 | 5,613,230 - -
Jun-11 - - - 1,096,353 | 2,856,697 | 2,736,221 671,021 | 4,581,264 | 347,843 | 3,706,405 - 2,805,665 | 260,773 - - 678,918 | 569,527 | 112,646 865,565 | 318,967 | Jun-11| 4,112,420 - 612,832 | 1,925,334 382,382 | 4,917,532 - -
Jul-11 - - - 1,244,465 | 3,440,953 | 2,606,742 557,969 | 4,676,021 | 366,874 | 4,789,212 - 3,142,615 | 294,589 - - 542,107 | 575,522 | 100,684 941,992 | 349,129 | Jul-11| 4,182,429 - 394,511 | 2,234,389 949,390 | 3,828,400 - -
Aug-11 - - - 1,175,508 | 3,215,436 | 2,838,587 486,479 | 4,440,546 | 339,438 | 4,736,962 - 2,522,281 | 255,259 - - 539,045 | 483,234 | 61,701 887,445 | 276,900 | Aug-11| 3,468,738 - 652,406 | 3,266,891 | 1,151,385 | 5,602,204 - -
Sep-11 - - - 926,460 | 2,645,267 | 2,245,933 594,806 | 3,262,432 | 377,367 | 3,975,109 - 2,904,445 | 417,012 - - 460,608 | 483,288 | 175,986 931,701 | 318,754 | Sep-11| 3,555,574 - 652,982 | 2,610,046 | 1,259,449 | 5,597,291 - -
Oct-11 - - - 1,156,471 | 3,239,130 | 2,864,036 719,887 | 4,927,099 | 369,861 | 4,777,721 - 2,912,792 | 452,644 - - 693,958 | 917,947 | 185,762 870,815 | 332,128 | Oct-11| 4,676,845 - 1,061,230 | 4,335,795 | 1,872,588 | 6,149,563 - -
Nov-11 - - - 1,152,298 | 3,231,672 | 2,865,664 797,791 | 4,584,626 | 356,589 | 4,269,737 - 2,991,064 | 347,272 - - 765,139 | 786,725 | 153,484 742,283 | 317,484 | Nov-11| 4,330,091 - 844,729 | 2,256,633 | 1,465,659 | 3,796,881 - -
Dec-11 - - - 1,211,474 | 3,383,047 | 3,042,946 885,065 | 4,937,667 | 445,139 | 4,721,090 - 2,814,638 | 230,734 - - 818,590 | 792,150 [ 50,657 | 1,122,135 | 316,142 | Dec-11]| 5,105,871 - 987,154 | 4,332,167 | 2,070,937 | 6,290,502 - -
Jan-12 - - - 996,090 | 2,755,087 | 2,468,442 844,974 | 4,926,249 | 448,848 | 4,728,081 - 2,094,454 - 161,245 - 675,292 | 775,706 - 1,112,088 | 305,564 | Jan-12( 4,107,022 - 1,099,784 | 3,168,191 | 2,513,393 | 4,630,653 - -
Feb-12 - - - 1,068,758 | 2,873,797 | 2,297,447 481,180 | 4,649,243 | 392,603 | 4,263,242 - 2,348,430 - 180,036 - 528,211 | 576,039 - 1,013,898 | 376,462 | Feb-12| 4,785,129 - 947,344 | 1,833,038 | 2,037,229 | 2,644,443 - -
Mar-12 - - - 1,248,492 | 3,340,646 | 2,927,148 510,723 | 4,103,259 | 428,957 | 4,733,666 - 2,339,016 2,806 | 168,346 - 524,526 | 681,340 - 1,110,442 | 393,495 |Mar-12( 4,645,279 - 995,921 | 4,697,227 | 2,880,363 | 6,224,577 - -
Apr-12 - - - 1,192,857 | 3,143,561 | 2,754,739 540,237 | 4,676,431 | 420,762 | 4,543,343 - 2,141,721 2,462 | 138,117 - 610,414 | 697,528 - 1,086,692 | 467,628 | Apr-12| 4,959,984 - 413,378 | 4,249,396 | 2,804,386 | 5,855,622 - -
May-12 - - - 1,133,041 | 3,260,530 | 3,174,497 603,044 | 4,917,329 | 400,008 | 4,573,845 - 2,151,744 | 76,049 | 125,131 - 653,335 | 574,639 - 1,096,748 | 465,538 |May-12( 5,012,099 - 349,752 | 3,408,866 | 2,358,301 | 4,889,993 - -
Jun-12 - - - 1,166,523 | 3,147,948 | 3,002,750 587,384 | 4,634,240 | 376,790 | 4,632,763 - 2,182,504 | 82,452 | 132,242 - 697,693 | 549,896 - 1,098,824 | 459,098 | Jun-12| 4,670,224 - 578,120 | 4,393,033 | 3,015,263 | 6,113,264 - -
Jul-12 - - - 635,108 | 3,382,283 | 2,777,803 530,339 | 4,772,906 | 375,502 | 4,648,443 - 2,113,946 | 88,121 | 105,645 - 713,681 | 646,571 - 1,101,407 | 451,580 | Jul-12| 4,019,296 - 1,144,065 | 4,228,743 | 3,051,399 | 6,184,451 165,158 -
Aug-12 - - - 622,132 | 3,848,376 | 2,563,852 542,704 | 4,955,098 | 417,711 | 4,716,901 - 3,163,876 | 123,820 | 147,353 - 647,602 | 640,538 - 1,089,149 | 410,020 | Aug-12( 5,166,539 - 1,193,029 | 3,494,821 | 2,963,871 | 5,989,616 | 1,820,230 -
Sep-12 - - - 645,391 | 3,694,124 | 2,544,900 460,233 | 4,807,434 | 380,426 | 4,552,200 - 3,141,659 | 191,713 | 139,941 - 532,694 | 539,303 - 1,019,192 | 342,954 | Sep-12| 4,720,044 - 830,672 | 2,616,826 | 2,024,731 | 4,591,040 | 1,543,005 -
Oct-12 - - - 654,002 | 4,180,890 | 3,175,551 496,173 | 4,146,912 | 394,351 | 4,801,283 - 3,660,866 | 125,160 | 128,412 - 443,286 | 604,162 - 1,099,090 | 410,797 | Oct-12( 4,196,999 - 1,613,377 | 4,060,203 | 3,465,154 | 6,335,375 | 2,246,211 -
Nov-12 - - - 508,559 | 2,729,998 | 2,526,197 360,129 | 4,739,170 | 362,928 | 4,707,327 - 2,629,317 | 111,058 | 85,525 - 403,677 | 634,317 - 1,092,985 | 397,089 | Nov-12| 4,809,804 - 1,574,208 | 1,441,048 | 4,030,019 | 2,111,858 797,624 -
Dec-12 - - - 771,573 | 4,146,392 | 3,095,984 318,651 | 4,153,742 | 339,131 | 4,171,135 - 2,943,637 | 886,291 | 93,315 - 357,959 | 583,488 - 1,148,609 | 322,968 | Dec-12( 2,704,629 - 1,565,810 | 3,371,676 | 3,418,490 | 4,838,835 | 1,254,995 -
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Extraction Wells

Injection Wells

Table B.1

Monthly Extraction and Injection Volumes (in gallons)
2003-2017
MA-A and OU#3

Month| EN-120 | EN-160 | EN-92P EN-194 EN-215T | EN-499T | EN-091T EN-133 | EN-451P | EN-447T | EN-284TD | EN-284P | EN-276 | EN-276R| EN-185 | EN-185R | EN-195 | EN-222 | EN-491T | EN-492T [ Month| EN-510T | EN-092P | EN-078T | EN-501T | EN-161T | EN-529T | EN-530T | EN-532T
Jan-13 - - - 852,724 ] 3,569,020 | 2,960,216 186,333 | 3,680,084 | 262,738 | 4,847,774 - 2,677,357 | 85,363 | 93,763 - 342,207 | 533,348 - 1,111,141 | 345,091 | Jan-13| 2,786,396 - 1,384,679 | 2,888,086 | 4,132,342 | 3,813,696 720,391 -

Feb-13 - - - 820,593 | 3,801,972 | 3,058,030 116,692 | 3,980,010 | 276,491 | 4,409,138 - 2,631,970 | 103,549 | 63,369 - 616,841 | 541,784 - 10249,30 | 367,725 | Feb-13| 4,149,451 - 1,262,677 | 4,253,888 | 4,073,627 | 4,246,130 946,427 -

Mar-13 - - - 824,091 | 3,847,926 | 2,556,015 136,007 | 4,451,050 | 437,949 | 4,875,686 - 2,598,722 | 78,541 | 86,426 - 488,001 | 627,271 - 1,061,074 | 432,948 |Mar-13( 4,662,333 - 1,365,094 | 3,254,877 | 4,614,541 | 3,152,839 805,212 -

Apr-13 - - - 792,516 | 3,759,858 | 2,130,684 134,942 | 4,309,856 | 341,873 | 4,435,314 - 2,697,837 | 86,838 | 93,575 - 577,334 | 546,396 - 1,031,774 | 369,184 | Apr-13| 4,424,359 - 1,215,651 | 3,870,586 | 3,010,825 | 3,435,015 844,828 -

May-13 - - - 737,682 | 3,814,011 | 2,272,931 147,129 | 4,571,267 | 349,616 | 4,871,022 - 2,565,159 | 93,745 | 115,752 - 740,905 | 599,826 - 1,147,728 | 423,865 |May-13( 4,497,034 - 1,521,146 | 3,218,492 | 3,914,364 | 2,784,777 708,193 -

Jun-13 - - - 876,463 | 4,011,288 | 2,319,836 158,540 | 4,341,591 | 322,381 | 4,737,597 - 2,428,261 | 89,851 - - 573,897 | 585,496 - 1,104,533 | 412,281 | Jun-13( 4,335,982 - 1,644,619 | 4,692,874 | 4,228,559 | 3,703,982 639,186 -

Jul-13 - - - 851,825 | 4,096,194 | 2,468,420 410,104 | 4,598,797 | 360,935 | 4,404,942 - 2,613,590 | 157,306 - - 639,243 | 662,439 - 1,077,823 | 411,310 | Jul-13] 4,079,577 - 1,538,589 | 4,615,600 | 4,473,796 | 3,547,464 625,173 -

Aug-13 - - - 779,846 | 3,594,361 | 1,682,813 500,823 | 4,372,687 | 390,828 | 5,348,772 - 3,250,808 | 191,903 - - 481,840 | 744,955 - 1,086,644 | 431,780 | Aug-13| 4,126,926 - 1,658,314 | 3,489,700 | 4,494,261 | 2,984,576 | 1,473,743 -

Sep-13 - - - 981,583 | 3,894,006 | 2,346,032 402,284 | 4,513,895 | 396,851 | 6,033,255 - 2,855,697 | 249,518 - - 676,222 | 692,915 - 960,872 | 357,522 | Sep-13| 3,182,938 599,491 | 1,645,925 | 1,714,701 | 4,523,608 | 3,580,440 | 1,062,254 -

Oct-13 - - - 1,080,729 | 4,178,459 | 2,140,033 277,371 | 4,454,983 | 393,568 | 6,376,204 - 3,241,808 | 278,078 - - 726,233 | 696,940 - 963,334 | 317,785 | Oct-13| 3,305,487 503,315 | 1,701,970 | 2,019,902 | 4,605,255 | 4,562,936 | 1,137,480 156,058
Nov-13 - - - 851,874 | 3,438,993 | 2,453,785 431,950 | 3,768,792 | 395,453 | 5,770,275 - 2,293,947 | 221,926 - - 690,635 | 529,028 - 897,686 | 275,397 [ Nov-13 - 298,341 969,655 723,101 | 2,853,198 | 2,050,077 365,797 | 3,523,204
Dec-13 - - - 881,087 | 3,576,049 | 3,083,276 497,965 | 4,214,524 | 358,913 | 6,471,057 - 2,640,974 | 226,542 - - 597,477 | 563,622 - 979,995 | 330,974 | Dec-13 - 535,205 | 1,786,471 | 1,618,585 | 5,610,021 | 4,195,461 739,502 | 4,624,342
Jan-14 - - - 1,014,854 | 4,064,501 | 3,093,136 499,514 | 4,523,096 | 356,309 | 6,448,261 - 2,983,296 | 288,145 - - 668,093 | 640,140 - 1,023,227 | 298,296 | Jan-14 - 838,997 | 1,773,898 | 3,012,898 | 5,810,182 | 5,802,974 | 1,032,538 | 4,891,300
Feb-14 - - - 761,914 | 3,669,426 | 2,773,002 523,844 | 4,226,371 | 324,951 | 5,770,459 - 2,858,849 | 201,041 - - 619,531 | 622,321 - 1,042,551 | 270,719 | Feb-14 - 767,679 | 1,603,977 | 2,773,766 | 5,250,674 | 5,221,582 926,364 | 4,885,868
Mar-14 - - - 964,033 | 3,506,690 | 3,009,336 623,871 | 4,677,437 | 414,384 | 6,492,755 - 2,958,064 | 245,589 - - 729,960 - - 1,181,857 - Mar-14 - 646,465 | 1,685,035 | 2,049,854 | 5,106,548 | 4,587,130 814,044 | 5,469,725
Apr-14 - - - 1,167,272 | 4,055,605 | 2,615,488 663,858 | 4,917,987 | 384,252 | 6,253,877 - 2,920,557 | 216,228 - - 742,106 - - 1,151,727 - Apr-14 - 797,516 | 1,559,135 | 2,542,667 | 4,474,314 | 5,252,979 943,430 | 5,379,254
May-14 - - - 1,075,351 | 4,147,892 | 2,662,077 873,660 | 5,369,770 | 377,197 | 6,477,439 - 3,254,842 | 237,490 - - 642,070 - - 1,187,146 - May-14 - 989,723 | 1,810,090 | 2,574,380 | 5,142,618 | 5,513,217 | 1,138,073 | 6,259,472
Jun-14 - - - 1,031,739 | 4,050,701 | 2,169,103 871,294 | 5,386,600 | 315,515 | 6,277,332 - 3,408,958 | 213,010 - - 512,652 - - 1,146,317 - Jun-14 - 870,299 | 1,778,299 | 1,784,366 | 5,295,174 | 5,209,823 | 1,514,610 | 6,255,326
Jul-14 - - - 1,004,749 | 3,601,559 | 2,551,971 918,913 | 5,553,357 | 258,433 | 6,217,587 - 3,080,271 | 205,765 - - 758,602 - - 1,124,007 - Jul-14 - 607,563 | 1,426,781 | 1,896,713 | 4,358,273 | 3,935,654 | 1,152,678 | 6,458,478
Aug-14 - - - 1,123,271 | 4,330,218 | 2,740,274 | 1,114,832 | 5,434,882 | 537,942 | 6,525,065 - 3,645,391 | 186,980 - - 807,900 - - 1,080,126 - Aug-14 - 909,504 | 1,724,140 | 3,119,387 | 5,252,129 | 5,777,769 | 1,853,809 | 6,726,644
Sep-14 - - - 1,027,988 | 4,016,901 | 2,507,200 | 1,082,004 | 5,258,486 | 526,348 | 6,283,964 - 3,653,197 | 188,460 - - 508,482 - - 1,158,301 - Sep-14 - 872,571 | 1,678,712 | 2,317,656 | 5,046,214 | 5,468,198 | 1,697,286 | 6,527,070
Oct-14 - - - 1,115,538 | 4,240,227 | 2,728,123 | 1,022,308 | 5,436,672 | 548,609 | 6,524,622 - 3,766,344 | 224,288 - - 668,832 - - 1,106,570 - Oct-14 - 915,179 | 1,678,915 | 2,620,521 | 5,516,864 | 5,845,004 | 1,837,426 | 6,677,431
Nov-14 - - - 973,971 | 4,649,460 481,482 | 1,044,042 | 5,283,556 | 534,810 | 6,307,683 - 3,620,080 | 232,699 - - 724,289 - - 1,157,851 - Nov-14 - 855,763 | 1,708,746 998,615 | 5,482,017 | 5,531,933 | 1,718,457 | 6,529,103
Dec-14 - - - 1,613,176 | 4,997,827 - 863,710 | 5,347,335 | 540,511 | 6,518,310 - 3,730,061 | 256,678 - - 681,607 - - 1,196,595 - Dec-14 - 821,783 | 1,758,148 | 1,228,944 | 5,639,944 | 5,379,973 | 1,632,339 | 5,350,808
Jan-15 - - - 1,490,808 | 4,201,875 - 940,081 | 5,470,734 | 558,569 | 6,519,283 - 2,418,155 | 286,286 - - 545,767 - - 1,132,802 - Jan-15 - 129,432 | 1,740,446 57,159 | 5,609,364 911,122 256,036 | 6,634,278
Feb-15 - - - 1,489,815 | 4,194,536 - 813,028 | 4,760,929 | 511,286 | 5,863,897 - 3,135,297 | 307,114 - - - - - 1,091,504 - Feb-15 - 753,391 | 1,498,650 | 1,103,208 | 5,104,772 | 4,961,324 | 1,517,468 | 5,775,047
Mar-15 - - - 1,766,719 | 4,802,703 - 1,011,633 | 5,358,756 | 560,103 | 5,719,732 - 4,179,918 | 370,867 - - - - - 1,066,405 - Mar-15 - 932,791 | 1,231,872 | 2,152,103 | 3,805,432 | 5,851,508 | 1,794,944 | 6,562,982
Apr-15 - - - 2,142,663 | 4,739,032 - 1,051,073 | 5,255,723 | 528,552 | 5,859,915 - 4,173,351 | 332,000 - - - - - 1,199,833 - Apr-15 - 909,037 | 1,734,437 | 3,094,256 | 5,220,758 | 5,673,848 | 1,801,388 | 6,588,136
May-15 - - - 2,327,153 | 4,957,175 - 1,089,869 | 5,432,259 | 552,235 | 6,098,581 - 4,386,651 | 278,647 - - - - - 1,254,186 - May-15 - 946,202 | 1,823,111 | 3,434,860 | 5,559,204 | 5,849,784 | 1,849,274 | 6,848,660
Jun-15 - - - 1,934,437 | 4,247,880 - 1,059,839 | 5,261,300 | 534,724 | 5,688,770 - 3,751,554 | 252,771 - - - - - 1,164,922 - Jun-15 - 674,933 | 1,690,438 | 2,268,304 | 5,165,073 | 4,231,682 | 1,306,243 | 6,551,307
Jul-15 - - - 2,334,370 | 4,697,992 - 1,096,580 | 5,435,201 | 551,996 | 6,108,890 - 4,295,451 | 283,718 - - - - - 1,251,695 - Jul-15 - 813,655 | 1,784,126 | 2,738,903 | 5,444,169 | 5,365,118 | 1,593,212 | 6,707,114
Aug-15 - - - 2,266,917 | 4,798,886 - 1,101,809 | 5,433,844 | 527,374 | 5,955,681 - 4,053,747 | 263,147 - - - - - 1,235,676 - Aug-15 - 701,869 | 1,632,959 | 2,423,556 | 5,109,953 | 4,459,560 | 1,408,144 | 6,665,426
Sep-15 - - - 2,2691,94 | 4,789,657 - 1,066,740 | 5,248,797 | 533,106 | 5,839,845 - 4,035,966 | 202,531 - - - - - 1,208,473 - Sep-15 - 854,190 | 1,723,146 | 2,913,871 | 5,215,465 | 5,527,438 | 1,706,592 | 6,469,807
Oct-15 - - - 2,338,579 | 4,945,324 - 1,103,152 | 5,421,564 | 548,293 | 6,081,897 - 4,147,372 | 186,623 - - - - - 1,253,443 - Oct-15 - 934,529 | 1,780,444 | 3,073,564 | 5,404,088 | 5,831,098 | 1,825,157 | 6,693,989
Nov-15 - - - 2,175,170 | 4,645,964 - 1,068,352 | 5,243,006 | 532,527 | 5,861,295 - 3,377,811 | 149,230 - - - - - 1,193,833 - Nov-15 - 626,575 | 1,647,572 | 1,544,403 | 5,059,354 | 4,127,436 | 1,225,014 | 6,514,573
Dec-15 - - - 2,319,660 | 4,976,897 - 1,105,826 | 5,407,382 | 548,706 | 6,072,229 - 3,789,477 | 142,156 - - - - - 1,249,046 - Dec-15 - 956,181 | 1,806,992 | 1,998,394 | 5,459,083 | 5,833,805 | 1,838,199 | 6,753,983
Jan-16 - - - 2,316,270 | 5,002,133 - 1,107,330 | 5,397,976 | 547,457 | 6,007,990 - 3,834,272 | 127,741 - - - - - 547,457 - Jan-16 - 974,197 | 1,709,671 | 2,996,045 | 5,152,965 | 5,722,463 | 1,837,020 | 6,737,051
Feb-16 - - - 1,904,126 | 4,161,599 - 1,037,316 | 5,030,733 | 509,007 | 5,665,259 - 2,906,417 | 119,030 - - - - - 509,007 - Feb-16 - 637,468 | 1,683,753 | 1,313,375 | 4,949,566 | 3,865,583 | 1,175,437 | 6,300,958
Mar-16 - - - 2,312,507 | 5,045,866 - 1,112,964 | 5,368,137 | 542,627 | 6,049,520 - 3,680,799 | 144,140 - - - - - 542,627 - Mar-16 - 940,926 | 1,782,626 | 2,598,772 | 5,232,927 | 5,743,276 | 1,732,195 | 6,690,430
Apr-16 - - - 2,116,795 | 4,615,213 - 1,063,645 | 5,131,934 | 516,979 | 5,767,626 - 3,318,219 | 100,605 | 110,576 - - - - 516,979 - Apr-16 - 784,071 | 1,713,564 | 2,004,283 | 5,040,858 | 4,858,060 | 1,482,255 | 6,350,781
May-16 - - - 2,031,801 | 4,855,657 - 1,119,951 | 5,423,904 | 552,367 | 5,946,611 - 3,236,876 | 60,551 | 166,455 - - - - 552,367 - May-16 - 657,375 | 1,596,962 | 1,201,061 | 4,945,478 | 4,211,587 | 1,341,005 | 6,655,021
Jun-16 - - - 1,467,810 | 3,674,547 - 1,037,674 | 5,221,244 | 538,325 | 5,806,142 - 2,251,229 | 39,880 | 131,368 - - - - 538,325 - Jun-16 - 94,939 | 1,675,839 227,007 | 5,002,376 769,328 190,096 | 6,438,506
Jul-16 - - - 615,102 | 4,119,473 - 768,510 | 5,146,847 | 564,001 | 4,845,875 - 1,738,127 | 46,605 | 141,114 - - - - 564,001 - Jul-16 - 44,140 | 1,225,198 - 2,138,170 338,024 80,141 | 6,348,895
Aug-16 - - - 1,266,171 | 4,284,173 - 735,426 | 4,843,108 | 559,160 | 5,433,354 - 2,756,057 | 38,011 | 119,581 - - - - 559,160 - Aug-16 - 713,911 | 1,231,574 12,703 | 4,215,918 | 5,294,827 | 1,500,949 | 6,061,816
Sep-16 - - - 1,501,445 | 4,349,352 - 701,032 | 4,760,944 | 541,588 | 5,755,927 - 3,123,985 | 26,944 | 91,907 - - - - 541,588 - Sep-16 - 891,110 | 1,512,008 163,654 | 5,321,855 | 5,616,549 | 1,762,791 | 5,923,482
Oct-16 - - - 1,644,491 | 4,492,490 - 688,160 | 4,990,540 | 536,893 | 6,086,930 - 3,298,866 | 21,669 | 53,966 - - - - 536,893 - Oct-16 - 867,125 | 1,723,175 785,647 | 5,902,464 | 5,615,872 | 1,744,105 | 6,119,416
Nov-16 - - - 1,618,401 | 4,313,403 - 671,029 | 5,023,667 | 516,774 | 5,788,291 - 2,884,965 | 27,120 | 40,676 - - - - 516,774 - Nov-16 - 690,066 | 1,588,276 211,102 | 5,528,826 | 4,252,909 | 1,274,782 | 6,093,083
Dec-16 - - - 1,857,917 | 4,783,834 - 704,774 | 5,291,595 | 468,188 | 6,093,028 - 3,462,807 - 113,251 - - - - 468,188 - Dec-16 - 944,554 | 1,784,624 824,259 | 6,020,576 | 5,812,184 | 1,820,198 | 6,299,924
Jan-17 - - - 1,844,892 | 4,663,382 - 684,810 | 5,430,020 | 475,194 | 6,038,132 - 3,220,334 - 134,699 - - - - 1,165,065 - Jan-17 - 723,850 | 1,693,507 675,112 | 5,766,969 | 4,373,985 | 1,349,659 | 6,258,386
Feb-17 - - - 1,809,217 | 4,390,816 - 619,829 | 4,893,090 | 440,127 | 5,472,658 - 3,172,037 | 28,661 | 173,201 - - - - 1,111,087 - Feb-17 - 816,540 | 1,573,257 | 1,030,853 | 5,310,108 | 5,257,634 | 1,594,885 | 5,565,390
Mar-17 - - - 2,188,161 | 4,904,034 - 779,308 | 5,457,219 | 544,718 | 5,769,440 - 3,811,228 | 143,801 | 169,012 - - - - 1,168,427 - Mar-17 - 940,306 | 1,667,417 | 1,574,683 | 5,640,218 | 5,796,702 | 1,806,638 | 6,202,863
Apr-17 - - - 2,249,177 | 4,834,245 - 758,167 | 5,307,533 | 526,337 | 5,875,219 - 4,087,174 | 140,791 | 187,515 - - - - 1,191,232 - Apr-17 - 920,857 | 1,701,467 | 2,060,178 | 5,726,134 | 5,631,703 | 1,775,499 | 5,796,224
May-17 - - - 2,196,018 | 4,733,120 - 812,024 | 4,584,588 | 476,089 | 5,974,862 - 3,861,224 | 295,871 | 281,840 - - - - 1,195,663 - May-17 - 648,187 | 1,712,432 | 1,694,576 | 5,827,408 | 4,251,882 | 1,223,771 | 3,619,524
Jun-17 - - - 2,270,311 | 4,799,282 - 980,934 | 4,322,414 | 554,651 | 5,834,625 - 4,438,418 | 251,283 | 245,678 - - - - 1,179,001 - Jun-17 - 920,307 | 1,678,860 | 3,176,351 | 5,711,049 | 5,643,486 | 1,797,349 | 5,777,459
Jul-17 - - - 2,048,078 | 4,809,515 - 961,138 | 4,367,218 | 607,531 | 6,276,786 - 4,144,277 | 251,408 | 245,363 - - - - 1,144,257 - Jul-17 - 627,254 | 1,724,824 | 2,101,011 | 5,897,181 | 3,978,705 | 1,192,074 | 5,936,599
Aug-17 - - - 2,145,356 | 4,513,277 - 976,438 | 4,369,105 | 605,130 | 6,319,725 - 4,279,401 | 285,717 | 266,954 - - - - 1,271,085 - Aug-17 - 830,885 | 1,578,294 | 2,888,011 | 5,506,691 | 5,283,108 | 1,649,666 | 5,907,889
Sep-17 - - - 2,220,173 | 4,834,502 - 942,661 | 4,214,714 | 586,532 | 6,138,725 - 4,010,314 | 210,306 | 203,044 - - - - 1,236,187 - Sep-17 - 615,555 | 1,687,691 | 2,085,186 | 5,760,276 | 4,077,036 | 1,249,334 | 5,746,537
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Appendix C

Plate C.1: Comparative PCE-Series Isoconcentration Contour Maps, Upper

Aquifer Groundwater (2003, 2008, 2012, and 2016)

Plate C.2: Comparative TCA-Series Isoconcentration Contour Maps, Upper

Aquifer Groundwater (2003, 2008, 2012, and 2016)
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1 INTRODUCTION

This Addendum to the Annual Groundwater Monitoring Status Report for 2007 has been prepared
by Groundwater Sciences Corporation (GSC) and Groundwater Sciences, P.C. (GSPC) for
International Business Machines Corporation (IBM). Specifically, this Addendum has been
prepared as a follow-up to an April 24, 2008 conversation between IBM and the New York State
Department of Environmental Conservation (NYSDEC) regarding the method IBM is using to
calculate the mass of trichloroethene (TCE) dissolved in groundwater at various stages of
remediation. This remediation and related investigation activities are being performed in the Upper
Aquifer south of North Street at IBM’s former Endicott, New York facility (Site #704014) (Site)
under NYSDEC supervision pursuant to Order on Consent Index # A7-0502-0104.

1.1  Purpose

The purpose of calculating the mass of TCE dissolved in groundwater in the Upper Aquifer south of
North Street is to provide the agencies with an indication of IBM’s progress with respect to the
stated goals. These goals include the overall corrective action objective of reducing the mass of
TCE in groundwater within Off-Site Capture Zone A and the Southern Area by 50% in five years
and by 80% in ten years, from the June 2004 baseline, as defined in Section 3.6 of the Supplemental
Groundwater Assessment dated May 17, 2004 (SGA).

1.2 Organization

The remainder of this report is organized as follows. Section 2 explains the rationale for using June
2004 as the baseline reference date for calculating TCE mass dissolved in groundwater south of
North Street and explains how the initial mass of TCE was calculated. The mass calculation is then
repeated using the most recent set of comprehensive groundwater elevation and groundwater
chemistry data from August 2007, followed by a sensitivity analysis to evaluate the effect of grid
spacing on the calculations. Section 3 then assesses the progress made by IBM toward reducing the
mass of TCE dissolved in groundwater by comparing the calculated June 2004 baseline TCE mass

with the calculated August 2007 TCE mass. Finally, references are provided in Section 4.
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2 CALCULATION OF INITIAL AND CURRENT TCE MASS-IN-PLACE

This section provides the calculations of the initial and current mass of TCE dissolved in
groundwater in the area of concern. As such, it first provides justification of the start date for

measuring progress toward the remediation goals described above.

2.1  Selection of Start Date

June 2004 was selected as a starting date for the initial TCE mass calculation for three primary

reasons:

1. Extraction test well EN-284TD started pumping continuously on July 6, 2004, marking the first
significant change in the dynamics of groundwater flow south of North Street since field
activities associated with the SGA were completed in 2003. EN-284TD began to intercept the
mass flux across North Street that was previously intercepted by the Garfield and Jefferson
Avenue extraction wells. Shortly after July 6, 2004, therefore, no appreciable mass flux was
being added to the plume south of North Street. Furthermore, the initiation of pumping at this
well location was identified in the SGA Report as the first step in attaining the corrective action

objectives.

2. A comprehensive round of groundwater elevations was measured on June 6-8, 2004, providing a
snapshot of the groundwater flow system one month prior to startup of groundwater extraction
at EN-284TD. This groundwater elevation data was previously published in Appendix C of the
Annual Groundwater Monitoring Status Report for 2004 (dated April 15, 2005). These data
therefore provided a basis for calculating the volume of water in storage within the Upper

Aquifer in the area of concern prior to the initiation of flux control pumping at EN-284TD.

3. Most of the existing monitoring wells at the Site were sampled at least once between the
conclusion of the SGA field activities in late 2003 and before June 8, 2004, including
monitoring wells EN-429 through EN-451, which were installed in April 2004 in Off-Site
Capture Zone A and the Southern Area. As a result, a comprehensive set of chemical
concentration and distribution data exists for the period immediately prior to the startup of
groundwater extraction at EN-284TD. This analytical chemistry data was previously published
in Appendix E of the Annual Groundwater Monitoring Status Report for 2004 (dated April 15,
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2005). Therefore, these data provide the basis for assessing the magnitude and distribution of
TCE in groundwater within the area of concern prior to the initiation of flux control pumping at
EN-284TD.

2.2  Mass Calculation for June 2004

The initial TCE mass-in-place calculation was done in a straightforward step-by-step manner. First,
an isoconcentration map of TCE in the Upper Aquifer was constructed by hand-contouring the TCE
concentration data from the first half of 2004. For each well, the groundwater sampling result
closest to June 2004 but prior to the July 6, 2004 startup of EN-284TD was indicated on the map.
In several areas where new monitoring wells were installed after June 2004, supplemental TCE
concentration points were added to the map. The concentration at each supplemental point was
estimated by extrapolating graphs of TCE concentration over time for the new monitoring wells
back to June 2004, taking into account changes in the Upper Aquifer configuration resulting from
the pumping of extraction test well EN-284TD. This isoconcentration contour map is shown on

Figure 2-1.

Next, the groundwater elevations measured on June 6-8, 2004 were contoured to create a
groundwater elevation contour map of the Upper Aquifer with a maximum contour interval of one
foot. Then, using the current top-of-silt contour map shown on Plate 2 of the Annual Groundwater
Monitoring Status Report for 2007 (dated April 14, 2008) (2007 Annual Report), a map of the
Upper Aquifer saturated thickness was derived by cross-contouring the June 2004 groundwater
elevation contour map with the current top-of-silt contour map. The current top-of-silt contour map
was used because it contains many more control points (i.e., new wells and borings) than were
available in June 2004. The June 2004 Upper Aquifer saturated thickness contour map is shown on

Figure 2-2.

An orthogonal grid with cell dimensions of 100 feet by 100 feet oriented parallel to McKinley
Avenue was overlain on both the TCE isoconcentration map for the first half of 2004 and the Upper
Aquifer saturated thickness map for June 2004 (Figures 2-1 and 2-2). An average saturated
thickness was assigned by an experienced hydrogeologist to each cell of the gridded Upper Aquifer
saturated thickness map and an average TCE concentration was assigned to each cell of the gridded

TCE isoconcentration map. The saturated thickness and TCE concentration values for each cell
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were then transferred to an Excel spreadsheet such that each 100 by 100 foot grid cell corresponds
to a cell in the spreadsheet, with saturated thickness on the first page of the spreadsheet and TCE
concentration on the second page. (Each page of the spreadsheet is referred to as a “worksheet” in
Excel.) These two worksheets are shown on Figures 2-3 and 2-4. For reference, the yellow
highlighted cells angling across the top of these two figures and all other worksheets shown on
subsequent figures represent North Street; the vertical line of yellow highlighted cells represents
McKinley Avenue; and the horizontal row of yellow highlighted cells represents Monroe Street.
The area captured by extraction well EN-284P is highlighted in pink and the Susquehanna River is

represented by the blue highlighted cells in the lower right corner of each figure.

Assuming an Upper Aquifer effective porosity of 35 percent based on available porosity data for the
outwash unit, the volume of groundwater in storage within the plume area was then calculated
based on the saturated thickness assigned to each cell. The resultant worksheet is shown on Figure
2-5. This worksheet shows that the total volume of water in storage within the plume area in June
2004 was 135 million gallons (MG).

The mass of TCE dissolved in groundwater in each cell was then calculated on another Excel
worksheet by multiplying the volume of water in storage (in gallons) by the TCE concentration (in
micrograms per liter), with a correction factor of 8.35 x 10 to convert the resulting TCE mass units
to pounds. Where either the volume of water in storage or TCE concentration of a worksheet cell
was zero, the calculated TCE mass for that cell was zero, and the cell was effectively excluded from

the mass calculation. The dissolved TCE mass calculated for each cell is shown on Figure 2-6.

The total dissolved TCE mass in groundwater south of North Street in June 2004 was calculated by
summing the cells in each column of the TCE mass worksheet such that the total of each column
accrued in a single row of the worksheet. The columnar totals in this row were then summed to
yield the total TCE mass in place south of North Street. The mass in place within that portion of the
EN-284TD (now EN-284P) capture area associated with the control of flux crossing North Street
(pink area on worksheets) was excluded from this calculation since the plume reduction goals were
established to measure progress in the remediation of the plume south of North Street once this flux
control was in place. Therefore, the estimated mass of dissolved TCE in June 2004, calculated

using the aforementioned method, is 89.5 pounds.
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2.3 Mass Calculation for August 2007

The dissolved TCE mass calculation for August 2007 was done in a similar fashion to the
calculation for June 2004. First, an isoconcentration map of TCE in the Upper Aquifer was
constructed by hand-contouring the TCE concentration data from August 2007. This TCE
isoconcentration contour map is shown on Figure 4-3 of the 2007 Annual Report and on Figure 2-7
of this addendum. Next, the groundwater elevations measured on August 28-30, 2007 were
contoured to create a groundwater elevation contour map of the Upper Aquifer with a maximum
contour interval of one foot. This groundwater elevation contour map is shown on Figure 3-1 of the
2007 Annual Report. Then, using the current top-of-silt contour map (Plate 2 of the 2007 Annual
Report), a map of the Upper Aquifer saturated thickness was derived by cross-contouring the
August 2007 groundwater elevation contour map with the current top-of-silt contour map. This
saturated thickness contour map of the Upper Aquifer is shown on Figure 3-2 of the Annual Report

and on Figure 2-8 of this addendum.

An orthogonal grid with cell dimensions of 100 feet by 100 feet oriented parallel to McKinley
Avenue was overlain on both the TCE isoconcentration map for August 2007 and the Upper
Aquifer saturated thickness map for August 2007, as shown on Figures 2-7 and 2-8. An average
saturated thickness was assigned by an experienced hydrogeologist to each cell of the gridded
Upper Aquifer saturated thickness map and an average TCE concentration was assigned to each cell
of the gridded TCE isoconcentration map. The saturated thickness and TCE concentration values
for each cell were then transferred to Excel worksheets such that each 100 by 100 foot grid cell
corresponds to a cell in the worksheet, with saturated thickness on the first page of the spreadsheet
and TCE concentration on the second page (Figures 2-9 and 2-10). Again, assuming an Upper
Aquifer effective porosity of 35 percent, the volume of groundwater in storage within the plume
area was calculated on a separate worksheet (Figure 2-11). Based on this worksheet calculation, the
volume of groundwater in storage within the plume area of the Upper Aquifer in August 2007 was
69.1 MG.

The mass of TCE dissolved in groundwater in each cell was then calculated on yet another Excel
worksheet by multiplying the volume of groundwater in storage (in gallons) by the TCE
concentration (in micrograms per liter), with a correction factor of 8.35 x 10° to convert the

resulting TCE mass units to pounds. Where either the volume of groundwater in storage or TCE
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concentration of a worksheet cell was zero, the calculated TCE mass for that cell was zero, and the
cell was effectively excluded from the mass calculation. The dissolved TCE mass calculated for

each cell is shown on Figure 2-12.

The total dissolved TCE mass in groundwater south of North Street in August 2007 was calculated
by summing the cells in each column of the TCE mass worksheet such that the total of each column
accrued in a single row of the worksheet. The columnar totals in this row were then summed to
yield the total TCE mass in place south of North Street, excluding the EN-284P capture area, as had
been done for the initial mass-in-place calculation. The estimated mass of dissolved TCE in August

2007 calculated using the aforementioned method is 21.9 pounds.

2.4  Sensitivity Analysis

A sensitivity analysis was performed to evaluate the degree to which the calculated TCE mass in
place varies with grid spacing, with special focus on three areas of the TCE plume in the Upper
Aquifer south of North Street:

1. Inthe vicinity of the Upper Aquifer extraction wells;

2. Along the edges of the trough in the top of lacustrine silt surface where the saturated
thickness of the Upper Aquifer varies from relatively high (e.g., greater than 10 feet) to

less than 5 feet over a relatively short lateral distance (less than 150 feet); and

3. At the edges of the TCE plume as defined by the 5 microgram per liter isoconcentration

contour.

A grid spacing of 25 feet was selected for the sensitivity analysis such that each grid cell with
dimensions of 100 feet by 100 feet in the initial worksheet calculation was subdivided into 16 cells
with dimensions of 25 feet by 25 feet. Given the 16-fold increase in the number of grid cells
required by refining the grid spacing from 100 feet to 25 feet, a complete reanalysis of the entire
gridded map at the finer grid resolution was deemed impractical and unnecessary. Instead, a
representative sub-area of the gridded TCE isoconcentration and saturated thickness maps for
August 2007 (Figures 2-7 and 2-8) was chosen that includes an example of each of the three special

focus areas listed above. The sub-area chosen for the sensitivity analysis encompasses rows 13
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through 15 and columns L through Q on Figures 2-7 and 2-8 and measures 300 feet by 600 feet. It
includes Upper Aquifer extraction well EN-499T, which operates at a relatively high pumping rate
(~50 gpm). This sub-area also covers the southern edge of the TCE plume between Monroe and
Broad Streets and an area in the vicinity of wells EN-480A/B and EN-481A/B where the saturated
thickness is greater than 10 feet, with areas of saturated thickness less than 5 feet to the north, south

and west.

An average saturated thickness and TCE concentration was assigned to each cell of the sub-area
using August 2007 data. These values were transferred to Excel worksheets such that each 25-foot
grid cell corresponds to a cell in the worksheet, with TCE concentration on the first page of the
spreadsheet (Figure 2-13) and saturated thickness on the second page (Figure 2-14). Monroe Street,

Garfield and Grant Avenues are shown for reference on Figures 2-13 and 2-14.

The volume of groundwater in storage within the sub-area was calculated on a separate worksheet
(Figure 2-15) in the same manner as described in Section 2.3 for the Upper Aquifer south of North
Street. The calculated volume of groundwater in storage within the sub-area using a 25-foot grid
spacing is 3.20 MG. This compares favorably with the 3.15 MG calculated for this sub-area by
summing groundwater storage values in the corresponding cells on the 100-foot grid (Figure 2-11,

rows 13 through 15, columns L through Q).

The mass of TCE dissolved in groundwater in each cell was calculated on another Excel worksheet
by multiplying the volume of groundwater in storage (in gallons) by the TCE concentration (in
micrograms per liter), with a correction factor of 8.35 x 10 to convert the resulting TCE mass units
to pounds. The dissolved TCE mass calculated for each 25-foot grid cell of the sub-area is shown
on Figure 2-16 and the total dissolved TCE mass in groundwater in the sub-area was calculated by
summing the values in all of the cells on Figure 2-16. The estimated mass of dissolved TCE in the
sub-area using a grid spacing of 25 feet is 1.88 pounds. This compares favorably to the mass of
1.89 pounds calculated for this sub-area by summing the TCE mass values in the corresponding
cells on the 100-foot grid (Figure 2-12, rows 13 through 15, columns L through Q).

The relative percent difference (RPD) in TCE mass resulting from a change in grid spacing from

100 feet to 25 feet is 0.5%, which is calculated as follows:
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RPD =

- M
1| x 100 % = 0.5 % where Mas = 1.88 pounds and Mig = 1.89 pounds.
(M 25 + I\/IIOO)/2

This small RPD suggests that the dissolved TCE mass and groundwater storage volume calculations
presented in Sections 2.2 and 2.3 for the Upper Aquifer are insensitive to a change in grid spacing
from 100 feet to 25 feet. This in turn implies that the accuracy of the calculation is not affected by
decreasing the grid spacing and that a grid spacing of 100 feet is acceptable for the specific data sets
(i.e., TCE concentration and saturated thickness) and maps used in the calculations.
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3 PROGRESS TOWARD REDUCING MASS OF TCE IN GROUNDWATER

This section of the Addendum assesses IBM’s progress toward meeting the objectives described in
Section 1.1 by comparing the June 2004 mass calculation with the August 2007 mass calculation. It

also examines the factors that have contributed to the reduction in mass.

The TCE mass totals arrived at on Figures 2-6 and 2-12 and described in Section 2 show that the
overall reduction of TCE mass dissolved in groundwater from 89.5 pounds to 21.9 pounds over a
three-year, two-month period amounts to a 76% reduction. As such, the progress made in that

period of time exceeds the goal set for the first five years (i.e., 50%).

This reduction of mass in place has resulted from two factors. The first is a reduction in the
concentration of TCE in groundwater at a large number of groundwater monitoring well locations
within this plume area. The second factor is a reduction in the amount of groundwater in storage
within the plume area due to the extensive dewatering that has been accomplished by new and

previously existing extraction wells.

The spreadsheet calculations comparing the volume of groundwater in storage for June 2004 to that
in August 2007 (Figures 2-5 and 2-11) show that the volume of groundwater was reduced from 135
MG in 2004 to 69.1 MG in 2007 or a 49% reduction of groundwater in storage within the plume
area. Coupling the groundwater volume in storage and TCE mass dissolved in groundwater for
each of these time periods shows that the average concentration of TCE in groundwater within the
plume declined over that same period from 79.4 ug/L to 38.0 ug/L, or a 52% reduction in average

TCE concentration in the plume.

Finally, although these calculations show that the goal of 50% reduction of TCE mass dissolved in
groundwater has been reached in a little over three years, it is important to note that this is a result
of only the first step in the implementation of the enhanced remediation program. The next step is
to begin the re-injection of treated groundwater to partially re-saturate the Upper Aquifer and
enhance flushing of the remaining TCE mass from this unit. In so doing, however, there will be
times when the volume of water in storage will increase once again, and will exceed the volume
from August 2007. This re-injected groundwater can also be expected to contain dissolved TCE
that will likely desorb from the soil particles in the aquifer, thus adding to the mass of TCE

dissolved in groundwater in the plume.

Addendum to the 2007 Annual Groundwater Monitoring Status Report August 19, 2008

GROUNDWATER SCIENCES CORPORATION



10

The potential for mass transfer from vadose zone and saturated zone soil to the aqueous phase
(dissolved in groundwater) is supported by a comparison of the decline in dissolved TCE mass
(67.6 Ibs), as described above, with the amount of TCE mass calculated to have been removed from
the plume between June 2004 and August 2007 via groundwater extraction wells (247 Ibs). It is
most likely that the higher calculated value of TCE mass removed as compared to the calculated
lower TCE mass dissolved in groundwater may reflect desorption and diffusion of mass from
vadose zone and saturated zone soils in the area of the plume. IBM is currently conducting research
to better understand the potential effects of these fate and transport mechanisms on groundwater
plume reduction efforts. It is anticipated that groundwater monitoring activities during groundwater

re-injection will also provide some insight into the long-term effects of these mechanisms.

Although the data for 2004 through 2007 show a substantial reduction of TCE mass dissolved in
groundwater in the plume, it is anticipated that the percent decline in TCE mass dissolved in
groundwater will likely fluctuate as the next steps are implemented in the enhanced remediation
effort. It is unlikely, however, that during this process the TCE mass dissolved in groundwater at
any one time will reflect less than a 50% reduction of mass in place compared to the initial mass
calculated for June 2004. Rather, the ongoing and future enhancements to plume reduction will be
focused on sustaining the gains already achieved, and attaining the goal of an 80% reduction of

TCE mass dissolved in groundwater over ten years.
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z i 6 6 | 75 [ 150 | 125 | 125 | 125 | 100 | 125 | 175 | 250 | 300 | 220 | 100 [ 75 | 45 [ 35 | 30 | 20 | 5 3 2 2 0 0 0 i______
8| i_l_ 4 | 45 [ 150 | 200 | 250 | 250 | 225 | 200 | 225 | 250 | 300 | 200 | 100 | 75 | 30 | 35 | 40 [ 25 | 15 | 45 | 3 2 0 0 0 0 0 i
9| I _2_ 10 | 45 | 75 | 125 [ 200 | 250 | 300 | 300 | 300 | 300 | 250 | 150 | 75 | 40 | 40 | 35 | 25 [ 15 | 5 [ 35| 2 0 0 0 0 0 :
10 Ls 15 | 35 | 50 | 75 | 125 | 175 | 200 | 300 | 350 | 300 | 150 | 75 | 40 | 40 | 40 | 30 | 25 | 15 | 45 | 2 0 1 1 1 0 :
11| :_5_ 15 | 30 | 40 | 45 | 75 | 175|300 | 300 | 75 | 50 | 50 | 45 | 45 [ 40 | 30 [ 30 | 30 [ 5 2 1 1 1 1 0 :
12 Monroe Street :_ 5 | 20 | 30 | 45 | 90 | 150 | 400 | 300 | 250 [ 200 | 100 [ 225 | 75 [ 50 | 40 | 30 | 20 | 10 | 4 2 2 3 3 2 LlJ
13 | 10| 25 | 50 [ 125 | 250 | 300 | 300 | 300 | 250 | 150 [ 125 [ 75 [ 55 | 40 | 25 | 15 | 5 4 2 3 4 3 3 :
; 7 | 7 | 50 | 150 | 250 | 275 | 430 | 275 | 250 [ 200 | 125 | 75 | 60 | 45 [ 25 | 10 | 45 | 4 2 | 35| 3 3 :
; - | 1 | 25 | 100 | 150 | 200 | 250 | 275 | 275 [ 200 | 125 | 80 | 60 | 45 | 25 | 10 [ 45 | 4 | 35| 3 3 :
I T ] 3 | 25 | 100 | 125 | 200 | 250 | 250 | 200 | 125 | 75 | 60 | 45 [ 25 | 10 | 5 4 | 35| 3 :
116 ——d H
17| !. _5 25 | 50 | 150 | 200 | 225 | 190 [ 100 | 75 | 60 | 45 | 30 | 15 | 8 | 45| 4 i__
18| :_4_ 25 | 75 | 125 | 200 | 220 | 150 [ 125 | 75 | 60 | 45 | 30 | 15 | 10 | 5 4.5.i
10| : 5 | 45 [ 75 | 125 [ 200 | 150 | 125 | 200 | 75 | 60 | 45 | 30 | 20 | 10 | 8 :
| 20| : 5 | 35 | 75 | 125 | 150 | 150 | 150 | 125 | 100 | 80 | 65 | 45 | 30 | 15 | 10 | L
E : 5 | 40 [ 60 | 100 | 125 | 125 | 125 | 125 [ 100 | 90 | 90 | 50 | 45 | 30 | 25 | 20 I .
22| : 15 | 35 | 50 | 60 | 75 | 100 | 125 | 125 | 125 | 100 | 95 | 70 | 45 | 40 | 30 | 25 | 20 '.___
23 V'ys | 25 | a5 | 45 | 75 | 100 | 125 | 150 | 150 | 125 | 200 | 75 | 48 | 45 | 40 | 30 | 20 | 10 :
Z : 5 | 15 | 25 | 35 | 40 | 50 | 75 | 100 | 125 | 150 | 150 | 150 | 100 [ 50 | 45 | 40 | 30 [ 20 | 15 | 10
2_5 r_s 5 | 15 | 20 | 30 | 40 | 50 | 75 | 100 | 125 | 150 | 250 | 150 | 100 [ 60 | 45 | 40 | 25 | 15 | 15 | 10
2_6 |r_2_ 4 | 10| 25 | 35 | 40| 45 | 60 | 85 | 125 | 150 | 200 | 250 | 150 | 100 | 50 | 40 | 30 | 20 | 15 [ 10 | 10
z i 3 7 | 15| 30 | 40 [ 50 | 60 | 80 | 200 | 125 | 150 | 200 | 150 | 100 | 60 | 40 | 30 | 20 | 15 1_0 ] _o_ ! =
El il_s_ 15 | 20 | 45 | 55 | 70 | 80 | 90 | 100 | 125 | 125 | 100 | 75 | 50 | 40 | 35 | 25 _15_ L io_:
E L io 50 | 70 | 75 | 70 | 60 | 55 | 50 | 45 | 45 | 40 | 40 | 35 | 30 30_ _1_5_:
ﬂ :_72_ _75_ _35_ _52 45 40 35 30 30 30 30 31)_ _SO_J Susquehanna River
a1 L 35 | 30| 25| 20 | 20 | 25 | 25 |

GROUNDWATER SCIENCES CORPORATION

Site #704014

Figure 2-3

Spreadsheet Grid Map of TCE Concentrations (ug/L) in the Upper Aquifer

June 2004




AlBJc]DJEJTF[GTTHTI J [ K]JL]IM]INTJTOT]P Q R S T U v [ w X Y Z [ AATABJACTADTAETAFTAG]AHT] AL T AJT AK
1 Il's [15| 2 | 35| 4 | 5 55| 55| 75| 8 | 8 | 75|75 :
2 L 4 35| 2 |15] 2 3 3 |45 (55| 4 | 35| 4 4 | 45| 5 8 :
3 15| 15| 15| 15| 25| 2 [15| 25| 25| 2 | 15| 3 6 5 4 | 35| 4 5 6 | 95 :
T ~ 0 1| 15| 2 3 |25|15]| 0 0| 10| 6 5 3 |25|25]| 3 5 6 | 55| 3 | 35|45 65| 9 :
T North Street |-_2_ 2 | 15| 15| 15| 15| 25|25 0 0 |3 |10 7 6 7 8 5 3 | 55|15 15| 3 | 45| 6 7 :
T ;_9; 7 | 65| 55| 45| 3 3 3 5 5 | 45| 11| 11 |75 2 0 0 0 2 | 35| 2 | 25|35]| 45| 6 7 :
z i 12| 9 9 |95|75|65| 5 | 55|65 7 7 9 9 7 4 1 0 0 1 3 3 | 35| 4 | 45| 6 7 i______
s | i_li 13| 12| 12 |105| 8 | 75| 75| 75| 75| 75| 8 | 75| 7 6 3 |o5| o 1 3 | 35| 4 |45 ]| 5 6 | 65|65 7 i
9| I _17_ 145|135|125|115(105| 10 | 9 | 85| 8 7 6 5 | 45| 3 | 15| 15| 2 3 4 | 45| 5 7 5 5 5 | 55 :
10 | 17 |145|135] 13 | 12 | 11 [105] 10 | 9 8 7 | 55| 4 | 35| 3 | 35| 5 | 45| 45| 6 9 |95| 5 | 25| 2 | 35 :
1 :_12_5 13 |125| 12 |125| 11 | 112 | 11 | 95| 95| 10 | 75| 45| 5 [ 55| 6 6 6 7 8 8 | 55| 2 0 3 :
12 Monroe Street :_10 115 12 | 11 | 95| 12 | 13 [125| 15 [ 20 | 17 [125| 10 [ 85| 5 | 55| 6 7 7 7 6 4 3 4 L
13 11 | 11 [115]|135( 155|165 |185| 21 [215| 20 | 27 | 14 | 11 | 75| 55| 65| 6 6 5 4 | 35| 4 6 :
; 7 j125( 14 [165| 18 |205| 22 | 23 | 23 | 22 [ 20 |175|155|125[ 10 | 9 | 75| 5 4 | 35| 4 6 :
; T | 14| 16 | 17 |185(185| 20 |205| 21 | 23 | 22 |205|185|165|125( 10 | 7.5 | 45 | 4 4 6 :
I T ] 13| 15| 15 | 15 | 16 | 17 | 19 | 21 | 24 | 22 [ 20 | 17 | 13 | 10 | 6 4 4 6 :
116 | —ed H
17| !._6 11 |125| 13 | 145|175 205| 23 | 22 | 20 | 16 | 12 | 85 | 6 5 6 i__
18| Ll_ 25 |105| 12 | 14 | 16 |185| 21 | 21 [175| 13 | 10 | 75| 65 | 65 | 7 .i
1] : 1 |35 75| 11 |125|145| 17 | 18 | 17 | 14 |105| 9 8 | 75| 7 :
20 : 0 1 2 | 55| 8 |105| 13 | 14 [145]| 13 |105]| 9 g 75| 7 1
21| : 0 |os5| 1 |15[35]| 6 7 | 10|12 122|10] 9 8 7 6 5 | L
|22 : 05 | 1 1|15 15| 3 4 5 7 8 9 | 85| 75| 65|55]| 45| 4 :.___
23 I 0 |05 1 2 3 | 35| 4 |45 5 6 7 7 | 65| 55| 45| 4 3.5:
Z : 0 0 0 0 0 |25 3 3 3 | 35| 4 |45]| 5 6 6 | 55| 45| 4 3 | 25
2_5 r_s 3 2 2 0 0 2 | 25| 3 3 3 3 | 35| 4 4 | 45| 45| 4 | 35| 3 2
2_6 |r_50_ 45 | 45 | 40 | 30 | 20 | 75| 5 | 45| 35| 3 3 3 3 3 | 35| 3 3 3 3 | 25| 15
z i 85 | 85 | 75 | 65 | 45 | 35 [ 30 | 10 | 55 | 45| 4 4 | 35| 3 3 3 3 3 3 i ] _3_ ! =
| 28 il_83_ 70| 50| 20| 8 | 75| 75| 75| 55| 45| 45| 45| 4 | 35| 3 3 3 _3_.__3_|
E Lis 7 3 2 3 4 | 55| 6 6 6 6 | 45| 4 | 35 is__i_:
30 : 45 | 30 | 20 | 10 | 85| 85| 8 8 |75 6 5 | a5 | 4 |l Susquehanna River
» ss |40 | 28|12 | 9| 8|75 |

GROUNDWATER SCIENCES CORPORATION

Site #704014

Figure 2-4

Spreadsheet Grid Map of Upper Aquifer Saturated Thickness (feet)

June 2004




GROUNDWATER SCIENCES CORPORATION

Site #704014

Spreadsheet Grid Map of Groundwater Volume in Storage (gallons)
Upper Aquifer, June 2004

AlBJc]IDJEJTFITGcTHIT I ITITIJIK]IL]IM]INTJOTP Q R S T U v [ w X Y Z [AATABJACTADTAET AFTAG] AHT] AL T AJ ] AK
1 |130900 39270 | 52360 | 91630 | 104720] 130900 157080| 143990| 143990 196350 | 209440| 209440 196350 196350'
2 I104720 91630 | 52360 | 39270 | 52360 | 78540 | 78540 | 117810| 143990 104720| 91630 | 104720(104720| 117810| 130900 209440:
3 |39270 39270 | 39270 | 39270 | 65450 | 52360 | 39270 | 65450 | 65450 | 52360 | 39270 | 78540 | 157080|130900|104720| 91630 | 104720| 130900 157080 248710:

1 S| F=a==T==r- 1
4 0 26180 | 39270 | 52360 | 78540 | 65450 | 39270 0 0 261800| 157080 130900 78540 | 65450 | 65450 | 78540 | 130900157080 143990| 78540 | 91630 [117810| 170170 235620|

1= C—— 1
5 North Street ] 52360 | 52360 | 39270 | 39270 | 39270 | 39270 | 65450 | 65450 0 0 811580 261800 183260 157080 | 183260| 209440 130900| 78540 | 143990 39270 | 39270 | 78540 |117810| 157080 183260|

1> | - i
6 |248710 183260( 170170 143990| 117810| 78540 | 78540 | 78540 | 130900 130900| 117810287980 287980| 196350| 52360 0 0 0 52360 | 91630 | 52360 | 65450 | 91630 |117810|157080 183260'

| 6| f ]

7 ]314160( 235620 235620| 248710| 196350| 170170 130900 143990| 170170| 183260 183260 | 235620 | 235620| 183260| 104720| 26180 0 0 26180 | 78540 | 78540 | 91630 104720(117810( 157080| 183260]

— [ _—————
8 1392700 340340| 314160| 314160| 274890 209440 196350| 196350| 196350 196350 196350 209440| 196350| 183260 157080 78540 | 13090 0 26180 | 78540 | 91630 | 104720(117810(130900| 157080| 170170| 170170 183260]

L ° | [J—— |
9 1 445060( 379610 353430 327250 301070 274890 261800 235620| 222530| 209440 183260| 157080| 130900| 117810| 78540 | 39270 | 39270 | 52360 | 78540 [ 104720117810 130900 183260 130900| 130900 130900 1439901

1 ° | L—— 1
10 |445060 379610| 353430| 340340 314160| 287980| 274890 261800 235620| 209440 183260 143990 104720| 91630 | 78540 | 91630 | 130900(117810(117810| 157080 235620| 248710| 130900| 65450 | 52360 91630'

= - 1
11 |327250 340340| 327250 314160 301070| 287980 287980| 287980| 248710 248710 261800| 196350| 117810 130900| 143990| 157080 157080| 157080 | 183260 | 209440 209440| 143990 52360 0 78540:

12 Monroe Street |261800 301070| 314160| 287980 248710| 314160| 340340 327250| 392700| 523600 445060 327250| 261800 | 222530 130900| 143990 157080 183260| 183260 183260 157080| 104720| 78540 lO4720|
13 |287980 287980 301070| 353430 405790| 431970 484330 549780| 562870 | 523600 445060 | 366520 287980 196350| 143990( 170170 157080 157080| 130900 104720| 91630 | 104720 157080:

==A L R 1
14 |327250 366520 431970| 471240 536690 575960| 602140 602140 575960| 523600 458150 405790| 327250 261800 235620 196350| 130900 104720| 91630 | 104720 157080|

=l _ 1
15 |386520 418880 445060| 484330 484330 523600| 536690 | 549780 602140| 575960 | 536690 | 484330 431970 327250 261800 196350| 117810 104720| 104720 157080|

=1 —_L i
16 |340340 392700| 392700 392700 418880| 445060 | 497420 549780| 628320 575960 523600| 445060 | 340340 261800| 157080| 104720 104720 157080'

RS 1
17 ]157080( 287980| 327250 340340 379610 458150 536690 602140| 575960| 523600 418880 ( 314160| 222530| 157080| 130900 157080}
— | S —
18 | 26180 | 65450 | 274890| 314160| 366520 418880 | 484330| 549780| 549780 458150 | 340340| 261800 196350 170170 170170| 183260]
[—— |
19 1 26180 | 91630 | 196350| 287980| 327250| 379610| 445060| 471240| 445060 | 366520 | 274890 | 235620 | 209440 | 196350 | 1832601
= I ]
20 1 0 26180 | 52360 | 143990| 209440 274890 340340 366520 379610 340340| 274890 235620 209440| 196350 183260'
1 —_
21 : 0 13090 | 26180 | 39270 | 91630 | 157080| 183260 261800 314160| 314160 261800| 235620| 209440 183260 157080 130900'
22 : 13090 | 26180 | 26180 | 39270 | 39270 | 78540 | 104720| 130900 183260 209440| 235620 222530 196350 170170| 143990( 117810 104720I
23 | 0 0 13090 | 26180 | 52360 | 78540 | 91630 (104720 117810)130900( 157080 183260 183260| 170170| 143990 117810| 104720 91830:

1 2o —- ]
24 1 0 0 0 0 65450 | 78540 | 78540 | 78540 | 91630 | 104720(117810| 130900 157080| 157080 143990 117810| 104720 78540 | 65450
25 |78540 78540 | 52360 | 52360 0 0 52360 | 65450 | 78540 | 78540 | 78540 | 78540 | 91630 | 104720|104720|117810(117810|104720| 91630 | 78540 | 52360
26 1 1E+06 | 1E+06 | 1E+06 | 1E+06 | 785400 523600| 196350( 130900( 117810| 91630 | 78540 | 78540 | 78540 | 78540 | 78540 | 91630 | 78540 | 78540 | 78540 | 78540 | 65450 | 39270

1261 I —_
27 | 2E+06 | 2E+06 | 2E+06 | 2E+06 | 1E+06 | 916300 785400 261800 143990| 117810| 104720( 104720 91630 | 78540 | 78540 | 78540 | 78540 | 78540 | 78540 | 78540 | 78540 |

I [ —
28 | 2E+06 | 2E+06 | 1E+06 | 523600| 209440 196350 | 196350| 196350| 143990| 117810117810 117810| 104720| 91630 | 78540 | 78540 | 78540 | 78540 | 78540 |

— | L RS E— |
29 I 16+06 [ 183260( 78540 | 52360 | 78540 |104720|143990| 157080| 157080| 157080| 157080| 117810| 104720| 91630 | 91630 | 78540 |

=l L— —_—l—a
30 |1E+06 785400| 523600 261800 222530| 222530| 209440 209440| 196350| 157080 130900 117810 104720I Susquehanna River
31 llE+06 1E+06 | 733040 314160| 235620| 209440 196350:

Figure 2-5



AlBJc]IDJEJTFITGcTHIT I ITITIJIK]IL]IM]INTJOTP Q R S T U v [ w X Y Z [AATABJACTADTAET AFTAG] AHT] AL T AJ ] AK

1 10.044|0.164|2.184(0.153| 21.84] 0.191| 0.066 | 0.03 |0.018]0.007|0.003|0.002| © 0 :

2 10.022|0.153| 0.218 1.147| 2.621 0.115| 32.76| 0.147| 0.06 |0.022|0.008|0.003|0.002|1E-03| o0 0 :

3 I3E-04| 3E-04|3-04{ 0.002| 0.019 | 0.055 | 0.066 | 1.911 | 1.474| 0.066| 0.082[ 0.082 0.066 | 0.027{ 0.004| 0.003 | 0.002| 0 0 0 :
T :_ 0 |2E-04|7E-04{9E-04|0.001|0.001|1E-03| 0 0 |0.328|0.786(0.546(0.131(0.164|0.082| 0.049|0.044| 0.02 |0.005|0.002|0.002|0.005| 0 0 :
T North Street |-4E-o_4 9E-04|1E-03(0.001 | 0.001 | 0.001| 0.003|0.005| 0 0 | 2.37|1.092(0.459(0.262(0.229/0.131|0.055|0.016|0.012(0.001 [1E-03|0.001| 0.01 | © 0 :
T !;o_oz 0.005|0.006|0.006|0.039|0.029(0.033(0.033| 0.066| 0.082| 0.197|0.721|0.721{0.287(0.044| © 0 0 |0.009(0.0040.002|0.001|0.002|0.005| © 0 :
z i0.0lG 0.0120.147|0.311|0.205|0.177(0.137| 0.12 |0.177|0.268|0.382| 0.59 |0.413(0.153(0.066| 0.01 | O 0 |0.004(0.003(0.002|0.002|0.002| 0 0 0 i______
s | i&o_oa 0.0110.118|0.393|0.459|0.437| 0.41 [0.369(0.328| 0.369| 0.41 |0.524|0.328(0.153(0.098( 0.02 [0.004| 0 |0.005| 0.01 |0.034(0.003[0.002| 0 0 0 0 0 i

9 10.007|0.032|0.133(0.205 | 0.314| 0.459| 0.546 | 0.59 |0.557(0.524 | 0.4590.328| 0.164|0.074|0.026{0.013(0.011(0.011| 0.01 |0.004|0.003|0.002 © 0 0 0 0 :

10 10.011{0.048(0.103| 0.142| 0.197| 0.3 |0.401|0.437| 0.59 [0.612|0.459| 0.18 |0.066 | 0.031|0.026|0.031{0.033|0.025|0.015(0.006 [0.004| 0 |0.001|5E-04|4E-04| O :
: 10.014(0.043[0.082|0.105|0.113| 0.18 | 0.42 [0.721|0.622|0.156| 0.109 | 0.082[ 0.044| 0.049| 0.048| 0.039 | 0.039 | 0.039| 0.008| 0.003| 0.002 | 0.001 [4E-04| © 0 :
; Monroe Street T :_o._01_1 _025 0.079|0.108|0.187|0.393( 1.136 | 0.819 0.819| 0.874| 0.371| 0.341| 0.164 | 0.093 | 0.044 | 0.036| 0.026 | 0.015| 0.006 | 0.003 | 0.003 | 0.003 | 0.002 o.oozL__

13 0.024| 0.06 |0.126|0.369(0.846(1.081|1.212| 1.376| 1.174|0.655| 0.464 | 0.229( 0.132| 0.066| 0.03 |0.021|0.007 | 0.005 | 0.002 | 0.003| 0.003| 0.003 0.004:
; 7 10.019(0.153(0.5410.983| 1.231( 2.066 | 1.381 | 1.256| 0.961 | 0.546 | 0.287| 0.203| 0.123| 0.055 | 0.02 |0.007|0.0040.0020.003|0.003 0.004:
; - 10.003|0.0870.371(0.606 0.808| 1.092| 1.231 | 1.261 | 1.005| 0.601| 0.358| 0.242| 0.162 | 0.068 | 0.022| 0.007| 0.004| 0.003 | 0.003 0.004:
I T 10.009{0.082|0.328( 0.41 [0.699(0.928| 1.037|0.917|0.655| 0.36 |0.262(0.167|0.071|0.022|0.007|0.003|0.003 0.004:
| 16 | —d H
17| !_0207 0.06 |0.137|0.426(0.633| 0.86 |0.851|0.502| 0.36 |0.262|0.157(0.079(0.028| 0.01 | 0.005 o.oosi__
18| EE-_(M 0.014(0.172|0.328|0.612|0.734| 0.606 | 0.573| 0.344| 0.229] 0.128| 0.066| 0.025| 0.014 | 0.007 0.007.i
1] :0.001 0.034|0.123| 0.3 |0.546|0.475(0.464|0.393|0.278| 0.183|0.103|0.059| 0.035 | 0.016 0.01zi

20 : 0 |0.008|0.033| 0.15 |0.262|0.3440.426 | 0.382| 0.317| 0.227 | 0.149| 0.088| 0.052| 0.025 | 0.015]
21| : 0 |0.004|0.013{0.033|0.096|0.164| 0.191|0.273| 0.262( 0.236| 0.197| 0.098 | 0.079 | 0.046 | 0.033 | 0.022] L
|22 :o.ooz 0.008|0.011| 0.02 |0.025(0.066 | 0.109(0.137|0.191|0.175|0.187| 0.13 |0.074|0.057|0.036| 0.025 0.017:.___

23 o 0 |0.004| 0.01 [0.033(0.0660.0960.131|0.147|0.137(0.131|0.115| 0.073| 0.064| 0.048| 0.029| 0.017 0.008:
Z : 0 o 0 o 0 [0.027(0.049|0.066/0.082|0.115|0.131(0.147(0.109 | 0.066 | 0.059| 0.048|0.029|0.017| 0.01 [0.005
2_5 |0;oz 0.003|0.007/0.009| © 0 |0.022|0.041(0.066|0.0820.098|0.164|0.115|0.087| 0.052 | 0.044 | 0.039| 0.022| 0.011| 0.01 |0.004
2_6 |(:o;2 0.039/0.098|0.218/0.229|0.175( 0.074 | 0.066 | 0.084| 0.096| 0.098| 0.131| 0.164 | 0.098 | 0.066 | 0.038| 0.026| 0.02 |0.013| 0.01 |0.005 |0.003
z io.ose 0.13 | 0.246|0.426|0.393(0.382(0.393(0.175| 0.12 |0.123|0.131{0.175(0.115| 0.066| 0.039| 0.026| 0.02 |0.013| 0.01 o.(in_ _0_! =
| 28 ilo_.oil 0.229/0.218/0.197|0.096|0.115|0.131 [ 0.147| 0.12 | 0.123|0.123|0.098| 0.066 | 0.038 | 0.026 | 0.023| 0.016 3.(2 __0201:

29 10.393|0.076|0.046 | 0.033 | 0.046 | 0.052| 0.066| 0.066| 0.059| 0.059 | 0.052 [ 0.039 | 0.031 | 0.023| 0.015 0.01_:

30 l0.688|0.4910.284| 0.109| 0.084(0.074| 0.061| 0.052| 0.049 | 0.039| 0.033| 0.029 | 0.026 | Susquehanna River
Z R B IL0'42 0.262|0.153|0.052|0.039|0.044 0.041: T

GROUNDWATER SCIENCES CORPORATION

Site #704014

Figure 2-6

Spreadsheet Grid Map of Dissolved TCE Mass (Calculated) in Pounds
Upper Aquifer, June 2004
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AlBJc]IDJEJTFITGcTHIT I ITITIJIK]IL]IM]INTJOTP Q R S T U v [ w X Y Z [ AATABJACTADTAETAFTAG]AHT] AL T AJT AK
1 I o 0 | 1250 250 | 500 [1250| 30 | 20 | 15 | 22 | 10 [ 2 0 0 :
2 o] o 0 | 1250 2000| 150 | 500 | 45 [ 30 | 25 [ 20 | 20 | 10 | 5 1 0 :
3 Iy 0 0 2 | 15 | 35 [ 75 | 280 | 200 | 200 | 200 | 40 | 30 [ 20 | 15 | 15 | 12 | 10 | 1 0 :
T r 0 0 0 0 0 0 0 0 0 5 | 500 [ 500 | 200 [ 200 | 40 [ 30 | 20 | 15 | 12 | 10 | 7 5 0 0 :
T North Street |- _o_ 0 0 0 0 0 0 0 0 0 |200| 0 |220| 75 | 40 [ 30 | 20 [ 15 | 12 | 10 | 7 5 0 0 0 :
T !_o_ 0 1 1 2 0 0 0 0 0 0 | 140|200 | O 0 0 0 0 0| 15|10 | 7 0 0 0 0 :
z i 2 2 | 75 50 | 35 | 35 | 40 | 75 | 100 | 100 | 200 | 100 | 75 | © 0 0 0 0 | 15| 15| 10| 5 0 0 0 0 i______
8| i_lf 35| 20 | 75 | 170 | 100 | 100 | 100 | 170 | 170 | 150 | 100 | 75 | 45 | 30 | ©O 0 0 0| 15| 10| 5 0 0 0 0 0 0 i
9| I _o_ 4 | 35 | 100 | 150 | 150 | 150 | 175 | 200 | 175 | 150 [ 100 | 50 | 30 | © 0 0 | 15|15 | 10| 0 0 0 0 0 0 0 :
10 Lo 10 | 50 | 1200 | 125 | 125 | 150 | 225 | 225 | 175 | 150 | 100 | © 0 0 | 15| 15| 10 | 5 0 0 0 0 0 0 0 :
1 : 45 [ 125| 50 | 100 | 100 | 125 | 150 | 200 | 250 | 200 [ 75 | © 0 0 |3 | 25| 10| 1 1 0 0 0 0 0 0 :
12 Monroe Street I 4 | 20 | 50 | 100 | 200 | 100 | 100 | 250 | 300 | 400 | 1200 [ © 0 |3 |2 | 5 3 1 0 0 0 0 0 0 L
13 | 10| 20 | 35 | 50 | 150 | 275 | 275 | 300 | 175 | 100 | 60 | 40 | 20 | 10 | 8 3 1 0 0 0 0 0 0 :
; 7 | 2| 20|20 (45| 60| 75 |1200150 | 75 | 45 | 30 | 20 | 15 [ 10 | 6 3 1 0 0 0 0 :
; - 1 © 2 | 20| 30| 3 | 60 |200(1275|175| 35 | 25 | 20 | 15 | 10 [ 7 5 3 2 0 0 :
; T ] 2 [ 50| 50| 15| 3 |75 |120| 75 | 45 | 35 | 25 | 20 [ 15 | 10 | 7 4 3 0 :
116 —d H
17| !. _o 0 5 | 35 [ 75 |100| 75 | 48 | 45 | 40 [ 30 | 20 | 10 | 7 5 2 i__
18| L(i 0 | 20 [ 50 | 100 (120 | 75 | 50 | 45 | 40 | 35 | 25 | 15 | 10 | 4 2 .i
10| : 0 5 | 35| 75 | 120|100 | 75 | 50 | 45 | 35 | 25 | 20 | 15 | 10 [ 3 :
20 : 0 | 10| 35 | 60 | 100|100 | 100 | 75 | 45 | 40 | 35 | 25 | 20 | 15 | 4 |
E : 4 | 25 | 35 | 45 | 75| 75 | 75 | 65 | 50 | 45 | 45 | 35 | 25 | 15 | 7 3 I .
22| :15 25 | 30 | 35| 40 | 50 | 65 | 70 | 65 | 45 | 45 | 35 | 25 | 15 [ 10 | & 0 :.___
23 Pis | 25| o 0|3 (|3 o0 0 0 0 0 0 | 3 | 25| 15| 14 | 45| 2 :
Z : 0 0 0 0 0 | 3 |3 |4 |5 0 0 0 0 0 | 25| 15| 12| 10] 4 0
2_5 :-_o 10| 15| 3 | o 0 | 3|4 | 5| 60| 65| 0 0 0 0 0 0 | 15f122] 10| 5
2_6 |r_o_ 7 | 12| 15| 3 [ 3 | 3 |40 | 45 |55 | 65| 70| 0 0 0 0 0 0 0 |15|10]| 0
z i 7 | 12| 15| 25| 30 | 35 | 40 | 45 | 55 | 65 | 70 [ 70 | 65 [ ©O 0 0 0 | 15 | 14 1_3 ] _10_ ! =
El il _20_ 25 | 30 | 35 | 35 | 40 | 45 | 55 | 65 [ 70 | 70 | 65 | 55 | 40 | 30 | 20 | 15 _12_ L io_:
E L io 35 | o |3 | 45 | 60 | 65 | 65| 65 | 65 | 50 | 40 | 25 | 15 is_ _1_0_:
ﬂ :_?f i _40_ L io_ _62 65 65 65 60 45 40 30 2_0 i _1i JI Susquehanna River
» I 65 | 60 | 55 | 45 | 40 | 30 | 15 |

GROUNDWATER SCIENCES CORPORATION

Site #704014

Figure 2-9

Spreadsheet Grid Map of TCE Concentrations (ug/L) in the Upper Aquifer

August 2007



AlBJc]DJEJTF[GTTHTI J [ K]JL]IM]INTJTOT]P Q R S T v X Y Z [ AATABJACTADTAETAFTAG]AHT] AL T AJT AK
1 Il o0 | o |os5 15 35 (35| 5 | 6| 7| 7| s :
2 13| 0 0o |05 1 1 (15| 45| 5 3 | 15|15 2 2 4 6 :
3 05| 0 o |os5|05| 1 |05 2 |25]| 1 1 [35|55]| 4 2 1 (15| 3 5 | 75 :
T ~ 0 0 0 |05 1 1 0 0 0o | 10| 1 1 (15| 1 1 3 |45| 6 [35] 1 1 [35|55]| 6 :
T North Street |-_o_ 0 0 0 0 0 0 0 0 o | 13| o 1 [35|55]| 6 4 4 5 0 |o5|15| 3 |55 6 :
T !_5_ 35| 25| 2 [o5| O 0 0 0 0 0 4 |os5]| 0 0 0 0 0 0 3 1 |15| 2 | 35| 45| 5 :
z i 85| 6 4 5 3 1 0 |o5]| 1 1 1 (15| 0 0 0 0 0 0 |o5|25]| 3 3 3 | 35| 35| 4 i______
s | i_li 9 | 75| 6 45| 3 | 25| 25| 25| 25|25 |15 | 1 |05 05| 0 0 0 0 |15]| 2 [15] 2 2 | 25| 3 |35 4 i
9| I_14_ 105|85|65| 5 |45 35| 3 3 3 | 25| 2 1 o5 0 0 0 |o5| 1 1 (15|25 2 1 2 | 25| 3 :
10 l115| 10 | 8 7 | 55|45 35| 3 | 25| 2 1 (o5 0 0 0 |05 1 1 15|35 7 7 2 0o |o5| 2 :
: : 7 | 75|65 |55 4 | 35| 4 2 1 o5 | 1 0 0 0 2 | 35| 4 3 | 35| 5 5 | 25| 0 0 | 05 :
12| Monroe Street :__5__3 4 3 2 7 4 0 2 [ 45| 4 0 0 3 1 2 3 3 4 4 3 | 15| 1 2 L__
13 35| 3 3 5 7 5 | 55|55 |55|55]| 5 3 |25| 2 [15] 3 3 | 25| 2 3 3 3 | 3 :
; 7 | 4 5 | 10|11 |10]|75] 7 7 75|75 7 | 75| 7 6 | 45| 35| 2 | 15| 25| 3 | 35 :
; T | 6 8 (105 10 | 75| 7 | 65| 85| 11 [105| 10 |105| 95| 75 | 55 (35| 2 | 15| 25| 3 :
I T ] 3 |35| 3 |25|25|35| 7 | 11| 14| 14| 12| 10| 75|55[35]| 1 |15]| 3 :
| 16 | —_—d H
17| L_o 0 |o05]| 1 2 5 | 10 | 13 |135]| 12 | 95| 7 5 | 15| 1 2 i__
18| L(i 0 0 1 2 5 | 10 | 12 |125|105| 75| 5 | 25| 1 | 15 4.5.i
1] : 0 0 |15| 25|35 5 8 | 95|95 | 7 | 45| 3 | 15| 15 3si
20 : 0 1 | 15|25 3 4 55| 7 | 75|65| 45| 35| 25| 2 3 |l
21| :0.5 1 1 (15| 15| 25| 35|45 |55| 6 [45| 4 | 35| 3 3 2 | .
|22 : 1 1 1 1 (o505 1 |15 2 2 1 1 25| 3 |25]|15]| 1 :.___
23 F'olos| o 0 1 o5 0 0 0 0 0 0 |o5| 2 [25] 1 1 | o5 :
Z : 0 0 0 0 0 1 1 1 o5 0 0 0 0 0 |o5| 1 1 1 o5 0
2_5 r_s 2 2 2 0 0 1 2 2 1 (o5 0 0 0 0 0 0 |15|15]| 1 0
2_6 |r_40_ 40 | 40 | 40 | 30 | 20 | 7 4 | 35| 3 2 1 0 0 0 0 0 0 0 |15 1 0
z i 60 | 60 | 60 | 50 | 40 | 35 | 25 | 8 | 45|35 | 25| 15| 1 0 0 0 0 |o5]| 1 i_ _1_! =
| 28| il_78_ 60 | 35 | 15 [ 55 | 45 | 45| 4 | 35| 35| 3 [25| 15| 1 1 1 1 _1____1_:
E Lio 5 0 |o5|25|25| 3 |35|35|35| 3 25|15 1 _1__1_:
30 :_43_ _30__i2__5_ 45 | a5 | 4 4 4 | a5 45 i__l_Jl Susquehanna River
» lao| 35| 2010|9855 |

GROUNDWATER SCIENCES CORPORATION

Site #704014

Figure 2-10

Spreadsheet Grid Map of Upper Aquifer Saturated Thickness (feet)

August 2007




AlBJc]IDJEJTFITGcTHIT I ITITIJIK]IL]IM]INTJOTP Q R S T U v [ w X Y Z [AATABJACTADTAET AFTAG] AHT] AL T AJ ] AK
1 ! 0 0 13090 | 26180 | 39270 | 104720| 130900| 91630 | 91630 | 130900 157080 183260| 183260 157080I
2 |340340 0 0 13090 | 26180 | 26180 | 39270 | 117810 130900| 78540 | 39270 | 39270 | 52360 | 52360 |104720 157080:
3 | 13090 0 0 13090 | 13090 | 26180 | 13090 | 52360 | 65450 | 26180 | 26180 | 91630 | 143990 104720| 52360 | 26180 | 39270 | 78540 | 130900 196350:

1 S| F=a=—T==r- 1
4 1 0 0 0 13090 | 26180 | 26180 0 0 0 261800| 26180 | 26180 | 39270 | 26180 | 26180 | 78540 | 117810|157080| 91630 | 26180 | 26180 | 91630 | 143990 157080|

1= C—— 1
5 North Street ] 0 0 0 0 0 0 0 0 0 0 340340 0 26180 | 91630 | 143990| 157080| 104720 104720| 130900 0 13090 | 39270 | 78540 [ 143990 157080|

1> | - i
6 |130900 91630 | 65450 | 52360 | 13090 0 0 0 0 0 0 104720( 13090 0 0 0 0 0 0 78540 | 26180 | 39270 | 52360 | 91630 | 117810 130900|

| 6| f ]

7 ]222530( 157080 104720| 130900| 78540 | 26180 0 13090 | 26180 | 26180 | 26180 | 39270 0 0 0 0 0 0 13090 | 65450 | 78540 | 78540 | 78540 | 91630 | 91630 [104720]

— [ _—————
8 1340340( 235620| 196350| 157080| 117810 78540 | 65450 | 65450 | 65450 | 65450 | 65450 | 39270 | 26180 | 13090 | 13090 0 0 0 0 39270 | 52360 | 39270 | 52360 | 52360 | 65450 | 78540 | 91630 [104720]

L ° | [J—— |
9 1366520( 274890 222530 170170{ 130900 117810 91630 | 78540 | 78540 | 78540 | 65450 | 52360 | 26180 | 13090 0 0 0 13090 | 26180 | 26180 | 39270 | 65450 | 52360 | 26180 | 52360 | 65450 | 78540 |

1 ° | L—— 1
10 |301070 261800 209440| 183260| 143990| 117810 91630 | 78540 | 65450 | 52360 | 26180 | 13090 0 0 0 13090 | 26180 | 26180 | 39270 | 91630 | 183260| 183260 52360 0 13090 52360'

= - 1
11 |183260 196350 170170| 143990| 104720| 91630 | 104720| 52360 | 26180 | 13090 | 26180 0 0 0 52360 | 91630 | 104720 78540 | 91630 | 130900| 130900 65450 0 0 13090:

12 Monroe Street |130900 130900( 104720| 78540 | 52360 | 183260104720 0 52360 117810104720 0 0 78540 | 26180 | 52360 | 78540 | 78540 | 104720(104720( 78540 | 39270 | 26180 52360'
13 |91630 78540 | 78540 | 130900 183260 130900| 143990 143990 143990| 143990| 130900 78540 | 65450 | 52360 | 39270 | 78540 | 78540 | 65450 | 52360 | 78540 | 78540 | 78540 91630|

==A LI R 1
14 |104720 130900( 261800| 287980 261800| 196350 183260| 183260| 196350 196350| 183260| 196350 183260| 157080| 117810 91630 | 52360 | 39270 | 65450 | 78540 91830|

=l _ 1
15 |157080 209440 274890 261800 196350] 183260 170170 222530| 287980| 274890 261800| 274890| 248710 196350 143990| 91630 | 52360 | 39270 | 65450 78540|

=1 —_L i
16 |78540 91630 | 78540 | 65450 | 65450 [ 91630 | 183260| 287980 366520 366520 314160| 261800 196350 143990| 91630 | 26180 | 39270 78540'

RS 1
17 ] o 0 13090 | 26180 | 52360 | 130900| 261800| 340340 353430 314160| 248710| 183260| 130900| 39270 | 26180 | 52360 |
— | S —
18 Il o 0 0 26180 | 52360 | 130900261800 314160| 327250| 274890 196350 130900| 65450 | 26180 | 39270 [117810]

[—— |

19 I o 0 39270 | 65450 | 91630 | 130900| 209440| 248710| 248710| 183260| 117810| 78540 | 39270 | 39270 | 91630 |
= I ]
20 : 0 26180 | 39270 | 65450 | 78540 104720 143990| 183260 196350(170170| 117810| 91630 | 65450 | 52360 78540'
21 : 13090 | 26180 | 26180 | 39270 | 39270 | 65450 | 91630 | 117810| 143990( 157080 117810| 104720 91630 | 78540 | 78540 52360I
22 : 26180 | 26180 | 26180 | 26180 | 13090 | 13090 | 26180 | 39270 | 52360 | 52360 [ 26180 | 26180 | 65450 | 78540 | 65450 | 39270 26180'
23 | 0 13090 0 0 26180 | 13090 0 0 0 0 0 0 13090 | 52360 | 65450 | 26180 | 26180 13090:

1 2o —= ]
24 1 0 0 0 0 0 26180 | 26180 | 26180 | 13090 0 0 0 0 0 13090 | 26180 | 26180 | 26180 | 13090 0
25 1 78540 | 52360 | 52360 | 52360 0 0 26180 | 52360 | 52360 | 26180 | 13090 0 0 0 0 0 0 39270 | 39270 | 26180 0
26 |1E+06 1E+06 | 1E+06 | 1E+06 | 785400| 523600 183260 104720| 91630 | 78540 | 52360 | 26180 0 0 0 0 0 0 0 39270 | 26180 0

1261 I —_
27 | 2E+06 | 2E+06 | 2E+06 | 1E+06 | 1E+06 | 916300 654500( 209440 117810| 91630 | 65450 | 39270 | 26180 0 0 0 0 13090 | 26180 | 26180 | 26180 |

I [ —
28 | 2E+06 | 2E+06 | 916300| 392700| 143990( 117810 117810| 104720| 91630 | 91630 | 78540 | 65450 | 39270 | 26180 | 26180 | 26180 | 26180 | 26180 | 26180 |

— | L RS E— |
29 I 1E+06 [ 130900 0 13090 | 65450 | 65450 | 78540 | 91630 | 91630 | 91630 | 78540 | 65450 | 39270 | 26180 | 26180 | 26180 |

=l L— R S
30 |1E+06 785400 314160| 130900|117810| 117810( 104720| 104720| 104720( 117810| 117810| 52360 26180' Susquehanna River
31 llE+06 916300| 523600 261800 235620| 209440 143990:

Figure 2-11

GROUNDWATER SCIENCES CORPORATION

Site #704014

Spreadsheet Grid Map of Groundwater Volume in Storage (gallons)
Upper Aquifer, August 2007




AlBJC]IDJEJTFIGTITHITITTITIJIKJIL]IM]IN]JOT]P Q R S T U v [ w X Y Z [ AATABJAC]TADTAETAFTAG]TAH] AL T AT AK
1 I o 0 [0.137(0.033(0.1641.092|0.033|0.015|0.011|0.024(0.013(0.003| © 0 :
2 lo.028| o 0 |0.137|0.437(0.033(0.1640.044| 0.033| 0.016|0.007 | 0.007 | 0.004 | 0.002|9E-04| 0 :
3 Iy 0 0 |2E-04|0.0020.008(0.0080.122|0.109|0.044|0.044(0.031 | 0.036 | 0.017| 0.007| 0.003| 0.004|0.007|0.001| © :
T 0 :_0 0 0 0 0 0 0 0 0 |0.011{0.109(0.1090.033|0.022|0.009| 0.02 | 0.02 | 0.02 [0.009|0.002|0.002|0.004| 0 0 :
? North Street :-_o_ 0 0 0 0 0 0 0 0 0 |0.568| 0 [0.026(0.057(0.048/0.039|0.017|0.013|0.013| 0 [8E-04|0.002| © 0 0 :
? ;_o_ 0 |5E-04|4E-04|2E-04| © 0 0 0 0 0 |0.122|0.022[ o 0 0 0 0 0 |o0.01|0.002[0.002| 0 0 0 0 :
Z io.oo4 0.003|0.066/0.055|0.023|0.008) 0 [0.008|0.022|0.022|0.022|0.033| 0 0 0 0 0 0 |0.002{0.008(0.007|0.003| © 0 0 0 i______
8 | igog4 0.007|0.033|0.098|0.167| 0.066 | 0.055 | 0.055| 0.093| 0.093| 0.082|0.033(0.016 [ 0.005(0.003| 0 0 0 0 |0.005|0.004({0.002| 0 0 0 0 0 0 i
9| :__o_ 0.0090.065|0.142|0.164|0.147|0.115(0.115(0.131| 0.115| 0.082| 0.044|0.011(0.003 0 0 0 |0.002|0.003(0.002[ 0 0 0 0 0 0 0 :
10 Lo 0.022|0.087/0.153| 0.15 |0.123(0.115(0.147|0.123| 0.076|0.033|0.011| © 0 0 |0.002|0.003({0.002(0.002| © 0 0 0 0 0 0 :
1 10.007| 0.02 [0.071| 0.12 | 0.087|0.096 | 0.131 | 0.087| 0.055| 0.022| 0.016| 0 0 0 |0.013|0.019(0.009(7E-04|8E-04| 0 0 0 0 0 0 :
; Monroe Street T :_0.004 0.022|0.044|0.066|0.044|0.153(0.087 0 |0.131|0.393|0.087| 0O 0 | 0.02|0.004(0.002(0.002|7E-04| © 0 0 0 0 0 L
13 10.008/0.013|0.023/0.055(0.229| 0.3 | 0.33 | 0.36 | 0.21 | 0.12 [0.066|0.026(0.0110.0040.003| 0.002|7E-04| O 0 0 0 0 0 :
I 4 10.002(0.011(0.044|0.108|0.1310.123|0.153| 0.229| 0.123| 0.074 0.046| 0.033| 0.023| 0.013| 0.006| 0.002 | 4E-04| 0 0 0 0 :
I - | O |[0.003(0.046(0.066|0.057|0.092(0.142(0.325| 0.42 | 0.08 |0.055|0.046(0.031(0.016|0.008|0.004|0.001 |7E-04| 0 o :
; T 10.001]0.038|0.033|0.008(0.019(0.057 | 0.183| 0.18 | 0.138|0.107| 0.066 | 0.044 | 0.025| 0.012| 0.005|9E-04|1E-03| 0 :
| 16 | ——d H
17| L_o 0 |5E-04|0.0080.033(0.109|0.164|0.136|0.133|0.105 | 0.062 | 0.031 | 0.011| 0.002| 0.001 9E-04i__
18| Lo_ 0 0 |0.011|0.044(0.131|0.164|0.131|0.123|0.092|0.057 | 0.027 [ 0.008 | 0.002| 0.001 o.ooz.i
1] : 0 0 |0.011|0.041{0.092(0.109|0.131|0.104|0.093|0.054|0.025 | 0.013 0.005| 0.003 o.oozi
20 : 0 |0.002|0.011(0.033|0.066|0.087| 0.12 |0.115|0.074|0.057|0.034| 0.019|0.011|0.007 | 0.003!
21 :4E-04 0.005] 0,008 0.015( 0.025| 0.041 0.057| 0.064 0.06 [0.059{ 0.044|0.0310.019{ 0.01 [0.0050.001!
|22 :0.003 0.005 0.007| 0.008| 0.004|0.005|0.014(0.023(0.028| 0.02 | 0.01 |0.008|0.014| 0.01 {0.005(0.002| 0 :___
23 o [oo0s| o 0 |0.008[/0.003[ 0 0 0 0 0 0 |0.004/0.011]0.008|0.003| 1E-03| 2E-04;
; : 0 0 0 0 0 |0.007|0.007(0.009(0.006| 0 0 0 0 0 |0.003[0.003|0.003|0.002|4E-04| 0
2_5 :-_o 0.004|0.007/0.013| 0 0 |0.007|0.017(0.022(0.013|0.007| © 0 0 0 0 0 |0.005({0.004[0.002] ©
2_6 |r_o_ 0.061|0.105/0.131|0.229| 0.153( 0.054 | 0.035| 0.034| 0.036| 0.028|0.015| 0 0 0 0 0 0 0 |0.005(0.002[ 0
z io.ogz 0.157|0.197|0.273|0.262| 0.268 | 0.218 | 0.079 0.054| 0.05 |0.038|0.023|0.014 0 0 0 0 |0.002|0.003 o.ci)3_ 0_.022! =
28| io_.311 0.3280.229/0.115|0.042| 0.039( 0.044 | 0.048| 0.05 | 0.054|0.046|0.035|0.018 | 0.009 | 0.007 | 0.004|0.003 (1023__0203:
29 10.328/0.038| 0 |0.004(0.025(0.033(0.043| 0.05 | 0.05 | 0.05 |0.033|0.022|0.008 | 0.0030.003|0.002l
; - 10.306|0.262(0.131| 0.066| 0.064 0.064 | 0.057| 0.052| 0.039 | 0.039| 0.029| 0.009| 0.003! T Susquehanna River
Z R B |lo.568 0.459| 0.24 |0.098|0.079|0.052 0.018: T

GROUNDWATER SCIENCES CORPORATION

Site #704014

Figure 2-12

Spreadsheet Grid Map of Dissolved TCE Mass (Calculated) in Pounds
Upper Aquifer, August 2007




MONROE STREET

Garfield Ave.

L1 L2 L3 L4 M1 M2 M3

<
>

N1 N2 N3 N4 o1 02 03 04 P1 P2 P3 P4

Grant Ave.

12a 55 60 65 70 75 75 75

~
(6]

80 | 100 | 120 | 140 | 170 | 210 | 230 | 250 | 270 | 290 | 320 | 350 | 370 [ 370 [ 350 | 300

12b 35 40 45 50 55 60 70 65 70 85 | 120 | 150 | 180 | 230 | 240 | 245 | 250 | 270 | 290 | 310 | 350 | 350 | 300 | 260

12c 25 30 30 35 40 43 a7 50 60 70 | 120 | 170 | 250 | 250 | 250 | 240 | 220 | 240 | 260 | 280 | 300 | 330 | 280 | 230

12d 13 15 18 20 22 25 30 35 40 47 52 | 130 | 185 | 185 | 185 | 190 | 190 | 195 | 200 | 200 | 190 | 175 | 180 | 190

13a 5 8 12 12 15 17 18 20 25 30 40 45 50 | 110 | 115 | 120 | 120 | 125 | 130 | 150 | 160 | 160 | 160 | 160

13b 2 3 4 5 7 10 13 15 17 20 25 30 40 45 50 65 80 80 80 | 110 | 120 | 120 | 125 | 130

13c 1 2 2 3 3 4 6 10 12 15 20 22 30 35 40 45 45 50 55 60 80 85 90 | 100

13d 0 1 1 1 2 2 3 5 8 10 15 18 25 30 35 40 40 45 45 45 55 60 70 80

l4a 0 0 0 0 1 1 2 3 4 5 8 15 18 25 30 35 35 35 35 40 45 50 60 65

14b 0 0 0 0 0 0 0 1 2 3 4 5 12 18 25 25 25 25 30 30 32 40 50 55

l4c 0 0 0 0 0 0 0 0 1 2 3 4 5 10 15 15 18 20 25 25 25 30 35 40

14d 0 0 0 0 0 0 0 0 0 1 2 3 4 5 10 15 20 20 18 18 18 20 25 30

Note: The grid sub-area shown above has a 25-foot spacing relative to the larger grid area shown on Figure 2-9, which has a 100-foot spacing. Column letters and
row numbers for this sub-area correspond to the columns and rows shown on Figure 2-9.

Figure 2-13
Spreadsheet Grid Map of TCE Concentrations (ug/L)
in the Upper Aquifer Sub-Area

GROUNDWATER SCIENCES CORPORATION Site #704014 August 2007



| | g | MONROE STREET I |
I I z 1 ) ) I 2 I
I I s | I I 1 < I
I I 2 | I I 1 S I
I I c | I I 1 & I
I I O I I I I
I I | I I I I
I L1 L2 L3 L4 I M1 M2 M3 M4 | N1 N2 N3 N4 I 01 02 03 04 I P1 P2 P3 P4 | Q1 Q2 Q3 Q4 I

12a 2 3 3 3 4 5 6 7 7 6 55 4 3 3 3 3 4 5 5 6 6 6 6 6

12b 3 35| 35| 35 4 45 | 55 [ 6.5 7 65 | 65 | 55 5 4 4 4.5 5 6 6.5 7 6 55 | 55 6

12c 4 4 4 4 4 4.5 5 6.5 7 7 7 65 ] 65 6 6 65 ] 65 7 75 | 75 6 55 | 55 6

12d 4 4 4 4 4 4 4.5 6 6.5 7 7.5 8 8 7.5 8 8 8 8 8 8 7 6 6 6

13a 4 4 4 4 45 | 45 5 6 6.5 7 8 9 9 9 9 9 9 9 85 | 85 8 7 65 [ 65

13b 3.5 4 4 4 4 4.5 5 6 7 8.5 10 11 11 11 11 11 10 10 9 8.5 8 7.5 7 7

13c 35| 35 4 4 4 4.5 6 7 8 9 11 12 12 11 11 11 11 11 10 9 85 | 7.5 7 7

13d 35| 35| 35| 35 4 5 6 7 8 9 11 12 12 12 12 11 11 11 11 9 8 7 7 7

l4a 3.5 4 4 4 5 6 7 8 8.5 9 10 12 1125 13 13 12 11 11 10 9 8 7.5 7 7

14b 3 4 45 | 45 5 6 7 7.5 8 8.5 9 11 12 12 12 12 11 10 9 85 ] 75 7 65 [ 65

l4c 3 3 3 4 5 6 65| 65| 65 7 7 8 9 10 10 10 9 8 8 8 7 65 | 65 | 65

14d 3 3 3 4 4 4 4 5 5 5 55 6 7 8 8 7 7 7 7 7 6.5 6 6 6

Note: The grid sub-area shown above has a 25-foot spacing relative to the larger grid area shown on Figure 2-10, which has a 100-foot spacing. Column letters and
row numbers for this sub-area correspond to the columns and rows shown on Figure 2-10.

Figure 2-14

Spreadsheet Grid Map of Saturated Thickness (feet)

in the Upper Aquifer Sub-Area

GROUNDWATER SCIENCES CORPORATION Site #704014 August 2007



U ———— T TR R ——— o e e e T T T T T TR ——— 1
| | g | MONROE STREET I |
I I z 1 ) ) I 2 I
I I s | I I 1 < I
I I 2 | I I 1 S I
I I c | I I 1 & I
I I O I I I I
I I | I I I I
j L1 12 13 L4 jpML M2 M3 M4 NL N2 N3 N4 jpOL O2 03 O4 | PL P2 P3 P4jpQL Q2 Q3 Q4
12a 3273 | 4909 | 4909 | 4909 | 6545 | 8181 | 9818 | 11454 11454 | 9818 | 8999 | 6545 | 4909 | 4909 | 4909 | 4909 | 6545 | 8181 | 8181 | 9818 | 9818 | 9818 | 9818 | 9818
12b 4909 | 5727 | 5727 | 5727 | 6545 | 7363 | 8999 | 10636] 11454 | 10636 | 10636| 8999 | 8181 | 6545 | 6545 | 7363 | 8181 | 9818 [ 1063611454 9818 | 8999 | 8999 | 9818
12c 6545 | 6545 | 6545 | 6545 | 6545 | 7363 | 8181 | 10636 11454 | 1145411454 10636 10636| 9818 | 9818 | 10636] 10636 | 11454 | 12272|12272] 9818 | 8999 | 8999 | 9818
12d 6545 | 6545 | 6545 | 6545 | 6545 | 6545 | 7363 | 9818 | 10636| 1145412272 13090§ 13090 12272 13090| 130901 13090 13090 13090| 13090 11454 | 9818 | 9818 | 9818
13a 6545 | 6545 | 6545 | 6545 | 7363 | 7363 | 8181 | 9818 | 10636| 11454 13090| 1472614726 14726 | 14726 | 14726 14726 14726 | 13908 | 139081 13090 | 11454 | 10636 | 10636
13b 5727 | 6545 | 6545 | 6545 | 6545 | 7363 | 8181 | 9818 | 11454| 13908 1636317999 17999 17999| 17999| 17999] 16363 16363 | 14726 | 13908 13090 | 12272 | 11454 | 11454
13c 5727 | 5727 | 6545 | 6545 | 6545 | 7363 | 9818 | 11454] 13090| 14726117999 19635 19635 17999| 17999 | 17999 1799917999 | 16363 | 14726] 13908 | 12272 | 11454 | 11454
13d 5727 | 5727 | 5727 | 5727 | 6545 | 8181 | 9818 | 11454] 13090| 1472617999 19635 19635 19635| 19635| 17999 1799917999 17999 | 14726] 13090 | 11454 | 11454 | 11454
14a 5727 | 6545 | 6545 | 6545 | 8181 | 9818 | 11454 | 13090 13908 | 14726 16363 | 19635] 20453 21271|21271] 19635 1799917999 16363 | 14726] 13090 | 12272 | 11454 11454
14b 4909 | 6545 | 7363 | 7363 | 8181 | 9818 | 11454|12272] 13090| 13908 14726 17999] 19635| 19635| 19635 19635] 17999 16363 | 14726 13908 12272 | 11454 | 10636 | 10636
14c 4909 | 4909 | 4909 | 6545 | 8181 | 9818 | 10636| 10636] 10636| 1145411454 | 13090] 14726 | 16363 | 16363 | 16363 14726| 13090| 13090| 13090) 11454 | 10636 | 10636 | 10636
14d 4909 | 4909 | 4909 | 6545 | 6545 | 6545 | 6545 | 8181 | 8181 | 8181 | 8999 | 9818 | 11454|13090|13090| 11454 1145411454 |11454| 11454 10636 9818 | 9818 | 9818

Note: The grid sub-area shown above has a 25-foot spacing relative to the larger grid area shown on Figure 2-11, which has a 100-foot spacing. Column letters and
row numbers for this sub-area correspond to the columns and rows shown on Figure 2-11.
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Figure 2-15
Spreadsheet Grid Map of Groundwater Storage (gallons)
in the Upper Aquifer Sub-Area

Site #704014 August 2007
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Note: The grid sub-area shown above has a 25-foot spacing relative to the larger grid area shown on Figure 2-12, which has a 100-foot spacing. Column letters and

row numbers for this sub-area correspond to the columns and rows shown on Figure 2-12.
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Figure 2-16

Spreadsheet Grid Map of Dissolved TCE Mass (Ibs)
in the Upper Aquifer Sub-Area

August 2007
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Appendix E

Comparative Analysis Between Vadose Zone Soil Vapor Concentrations and Saturated

Zone Groundwater Concentrations

Results of a comparison between deep vadose zone soil vapor concentrations and their
equilibrium pore water concentrations with saturated zone groundwater concentrations are
provided on Figure E.1. The figure includes a tabular summary of TCE soil vapor
concentrations for deep vadose zone implants, the equivalent equilibrium pore water
concentrations calculated using Henry’s Law, and the TCE groundwater concentrations for
nearby monitoring wells. The tabulated soil vapor and groundwater concentration data is based
on annual sampling performed in August 2004, August 2008, and August 2012 through August
2017. The two graphs on Figure E.1 consist of: (1) A scatter plot of the TCE equilibrium pore
water concentration versus the TCE groundwater concentration for co-located soil vapor
implants and groundwater monitoring wells (left-hand side graph); and (2) A scatter plot of the
average TCE equilibrium pore water concentration versus the average TCE groundwater

concentration for a given annual dataset (right-hand side graph).

As shown on the left-hand side graph on Figure E.1, there is a large scatter in the data but an
overall declining trend in both the pore water concentrations and the groundwater concentrations.
These declining trends are more apparent in the right-hand side graph that plots the averages. As
shown on the right-hand graph, the average equivalent pore water concentrations and average
groundwater concentrations decline in a similar fashion between 2004 and 2012. As would be
expected due to attenuation of TCE soil vapor between the water table and the deep soil vapor
implants, the average groundwater concentrations are higher than the average equivalent pore
water concentrations. However in 2013, the decline in average groundwater concentrations is
greater than the decline in average pore water concentrations. For 2014 through 2017, this
analysis shows the average equivalent pore water concentrations are higher than the average
groundwater concentrations, indicating the groundwater is no longer the principal source for the
TCE soil vapor concentrations. Tabulated data for co-located soil vapor implant and monitoring
well locations where the equivalent pore water concentrations are higher than the groundwater

concentrations are highlighted in yellow.
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Figure E.1: Trend Analysis of TCE Concentrations in Deep Soil Vapor versus Groundwater

|:|Yellow highlighting denotes locations where the groundwater concentration is lower than the calculated equilibrium pore water concentration in the vadose zone.

August 2004 August 2008 August 2012 August 2013 August 2014 August 2015 August 2016 August 2017
Associated Soll Equmbrlum Ground- Soll Equilibrium | Ground- Soil Ethbrlum Ground- Soil Eqwhbrlum Ground- Soll Equm'brlum Ground- Soll Equilibrium | Ground- Soil Ethbrlum Ground- Soil Eqwhbrlum Ground-
Soil Vapor | Monitoring || Vapor | Pore Water | water Vapor | Pore Water | water Vapor | Pore Water | water Vapor | Pore Water | water Vapor | Pore Water | water Vapor | Pore Water | water Vapor | Pore Water | water Vapor | Pore Water | water
Point Well Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc.
(ug/m?) (ug/L) (ug/L) || (ug/m?) (ug/L) (ug/L) || (ug/m?) (ug/L) (ug/L) | (ug/m?) (ug/L) (ug/L) || (ug/m?) (ug/L) (ug/L) || (ug/m?) (ug/L) (ug/L) || (ug/m?) (ug/L) (ug/L) | (ug/m?) (ug/L) (ug/L)
ENO04-02D |EN-450 1300 8.0 96 120 0.7 32 150 0.9 17| 99 0.6 24 57 0.3 2.1 47 0.3 1.2 65 0.4 0.9 61 0.4 0.8
|EN04-05D EN-459A 3600 22 7.0|| 2700 17 0.9 400 2.5 1.2 190 1.2 1 150 0.9 0.8 190 1.2 0.4 180 1.1 O.3|| 160 1.0 0.2
|EN04-07D EN-311 170 1.0 47|| 4400 27 23] 4000 25 20| 1600 9.8 2.3 5.1 0.03 1.2 920 5.6 0.7 710 4.4 0.3|| 240 1.5 0.6
|ENO4-11D EN-215A 5300 88 350|| No Sample 1000 6.1 11 790 4.8 15 870 5.3 1.6 730 4.5 1.6 1300 8.0 O.8|| 1300 8.0 0.9
|EN04-12D EN-214A 6700 41 46|| 1400 8.6 14 380 2.3 25| 420 2.6 1.7 400 2.5 1.5 500 3.1 1.4 540 &3 O.7|| 430 2.6 0.7
|EN04-13D EN-449 13000 80 180|| 750 4.6 110 400 2.5 73] 69 0.4 2.2 140 0.9 1.0 82 0.5 0.8 130 0.8 0.8|| 53 0.3 0.6
|EN04-14D EN-462 4000 25 48|| 2300 14 47|| 420 2.6 39|| 100 0.6 28 440 2.7 1.4 99 0.6 0.9 74 0.5 0.8|| 39 0.2 0.5
|EN04-16D EN-206 6900 42 68|| 4700 29 30|| 300 1.8 13 38 0.2 O.9|| 57 0.3 1.5 32 0.2 1.1 2.6 0.02 1.0|| 1.8 0.01 0.6
|EN04-17D EN-401 2500 15 220|| 9900 61 120|| 9.9 0.1 1.5 11 0.1 1.7|| 7 0.04 0.9 4.2 0.03 0.9 1.5 0.01 0.6|| 1.3 0.01 0.6
|EN04-18D EN-217A 960 5.9 8.0 1100 6.7 7.8|| 740 4.5 4.7 600 3.7 1.8 640 3.9 1.4|| 530 &3 1.0|| 580 3.6 0.8|| 220 1.3 0.5
|EN04-19D EN-426 1100 6.7 14 1100 6.7 9.9|| 710 4.4 i 530 &3 1.4 390 2.4 1.0|| 255 1.6 0.9 290 1.8 0.6|| 240 1.5 0.5]
|EN04-20D EN-207 360 2.2 15 200 1.2 8.4|| 150 0.9 3.0 170 1.0 1 180 1.1 O.9|| 130 0.8 0.8 85 0.5 0.6|| 130 0.8 0.6
|EN04-21D EN-468 360 2.2 13 210 1.3 6.0|| 140 0.9 6.5|| 4.7 0.03 1.7 5.3 0.03 0.9 8.3 0.05 0.8 16 0.1 0.7|| 1.5 0.01 0.7
|EN04-29D EN-437 9500 58 100|| 1800 11 42|| 120 0.7 20|| 71.5 0.4 20 270 1.7 1.2 210 1.3 1.5 370 2.3 0.8] 370 2.3 1.0
|EN04-30D EN-438 2600 16 240 970 6.0 83| 1100 6.7 0.5|| 730 4.5 0.6 690 4.2 0.5 840 5.2 0.1 980 6.0 0.1 720 4.4 0.1
|EN04-31 D |EN-453 800 4.9 15 94 0.6 31 1300 8.0 5.3|| 200 1.2 4.2 No Sample No Sample 5.2 0.03 0.6 No Sample
|EN04-32D EN-457A 6600 40 24 No Sample 1500 9.2 1.8|| 1200 7.4 1 1000 6.1 0.9 830 5.1 1.0 540 &3 1.2 490 3.0 0.7
|EN05-33D EN-162 SV Point Not Installed 6200 38 3.1 3000 18 3.3 2000 12 3.2 3500 21 2.9 920 5.6 1.9 2400 15 2.7 1000 6.1 1.6
ENO06-35D |EN-460A SV Point Not Installed 130 0.8 25| 100 0.6 21 110 0.7 2.4 90 0.6 1.3 72 0.4 1.3 93 0.6 0.8] 69 0.4 0.6
ENO06-36D |EN-459A SV Point Not Installed 260 1.6 0.9 320 2.0 1.2 300 1.8 1 310 1.9 0.8 200 1.2 0.4 78 0.5 0.3 46 0.3 0.2
Averages: 2004 | 24| 88 2008 13 33| 2012 5.0 14 2013 2.8 5.8 2014 3.0 1.3 2015 2.1 1.0 2016 2.6 0.8 2017 1.8 0.6
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Appendix F.1
Descriptions of Soil Profiling Explorations and Testing

Plate F.1: Soil Profiling Location Maps
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Appendix F.1
Descriptions of Soil Profiling Explorations and Testing

Soil profiling consisting of the collection and analysis of outwash sand & gravel and lacustrine
silt soil samples was performed in October 2007, May 2010, and January 2017. The scope of the
soil profiling included continuous soil sampling with gradation analyses, physical property
testing, moisture content analyses, upper lacustrine silt piezometer installations, and volatile
organic compound (VOC) by analyses EPA SW-846 Method 8260C to provide “soil-to-
groundwater” concentration results and analysis by Microwave Assisted Extraction (MAE) to

provide total VOC concentration results.
Soil Profiling Locations

Soil profiling location maps are provided on Plate F.1. As shown on the plate, the soil profiles
were performed at five locations during one or more of the field investigation events. The plate
also includes a shaded TCE contour map depicting pre-IRM plume conditions for reference. A

brief summary of the work scope and rationale for each of the locations is provided below:

e EN-094 Location — Soil profile borings were completed in 2007 and 2017. This location
was selected to assess the remaining presence of VOC mass in soil at a former plume
location where VOC concentrations were reduced to below NYSGQSs more than twenty

years ago.

e EN-438 Location — Soil profile borings were completed in 2007, 2010, and 2017. This
location was selected due to its central position in the former plume area and its
proximity to EN-92P and EN-529T clean water injection wells. An upper lacustrine silt
piezometer was also installed at this location in 2010 to assess the extent of the

downward vertical gradient in the silt aquitard.

e EN-215 Location — Soil profile borings were completed in 2007, 2010, and 2017. This
location was selected due to its central position in the former plume area and its

proximity to Upper Aquifer extraction wells EN-215T and EN-499T. An upper
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lacustrine silt piezometer was also installed at this location in 2010 to assess the extent of

the downward vertical gradient in the silt aquitard.

e EN-214 Location — Soil profile borings were completed in 2007. This location was

selected due to its position near the central portion of the former off-Site plume area.

e EN-401 Location — Soil profile borings were completed in 2007, 2010, and 2017. This
location was selected due to its central position in the southern portion of the off-Site
plume. The stratigraphy of the outwash sand and gravel soils at this location is generally
coarser than the outwash soils at the other four locations. An upper lacustrine silt
piezometer was also installed at this location in 2010 to assess the extent of the

downward vertical gradient in the silt aquitard.
Utility Review Activities

Utility review activities performed prior to advancement of the soil profile borings included: 1)
Contact with Dig Safely New York and local utilities for marking of approximate locations of
subsurface utilities in the area of the proposed soil borings; and 2) Follow-up with Village of
Endicott and other local utility representatives to confirm their awareness of the proposed soil
borings. As an added precaution, the upper eight feet of each soil profile boring was either

advanced by hand or by vacuum excavation using an air knife and vacuum excavator.

Soil Profile Boring Advancement and Sampling

The soil profile borings completed in 2007 and 2010 were advanced using 47-inch inner
diameter (I.D.) hollow-stem auger (HSA) drilling techniques by Parratt-Wolff, Inc. of Syracuse,
New York. The soil borings completed in 2017 were advanced using hydraulically-driven
direct-push drilling techniques by Cascade Drilling / Technical Services of Montpelier, Vermont.
Continuous split-spoon soil sampling was performed in the HSA borings in two-foot increments
by driving a 3-inch outer diameter (O.D.) split-spoon sampler 24 inches using a 140-pound
hammer dropping a distance of 30 inches. Continuous soil sampling was performed in the
direct-push borings in five-foot increments by pushing a 3-inch I.D. Macro-Core MC7 soil

sampler with disposable single-use clear PVC liners.
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In 2007 and 2010 a second soil profile boring was completed near the first boring to allow for
collection of undisturbed soil samples for physical property testing. Undisturbed samples of the
glaciofluvial outwash sand and gravel were collected in 2007 and 2010, while undisturbed
samples of the glaciolacustrine silt were collected in 2010. The undisturbed outwash sand and
gravel samples were collected using two-foot long 3-inch O.D. split tube samplers housing four
six-inch long 2 ’2-inch nominal diameter brass liners. Twelve undisturbed samples of the sand
and gravel were collected in 2007, and ten undisturbed samples of the sand and gravel were
collected in 2010. Six undisturbed lacustrine silt samples were collected in 2010 using two-foot

long nominal 3-inch diameter Shelby tubes.

Soil Sample Logging and Preservation

Soil samples were logged in the field by a GSC geologist for texture, color, moisture, sample
depth interval, penetration, and recovery, with descriptions following the Modified Burmeister
classification system. The soil profiling boring logs are provided in Appendix F.2. Soil was
sampled for particle size analysis in one quart plastic Ziploc bags. Soil moisture samples were
collected in 4-ounce plastic sample cups. Soil was sampled for VOC analyses by two methods:
EPA SW-846 Method 8260C (EPA) and Microwave Assisted Extraction (MAE). Samples
collected for EPA analysis used a Terra Core Sampler to obtain an approximately 5 gram soil
sample, which was placed in an unpreserved 40 mL glass vial. Glass vials were transferred to a
cooler and chilled with wet ice. Samples collected for MAE analysis were obtained by hand
sampling individual clasts (coarser fraction) or soil matrix (finer fraction) material. Samples
were preserved in 40 mL glass vials containing methanol and were refrigerated. Particles that

were coarse sand size and larger were crushed prior to preservation.

Installation of Lacustrine Silt Piezometers

In 2010, lacustrine silt piezometers were constructed at the EN-438, EN-215, and EN-401 soil
boring locations. The piezometers were constructed to screen the upper portion of the
glaciolacustrine silt unit to allow for a determination of the vertical hydraulic gradient between
the base of the Upper Aquifer sand and gravel and the lacustrine silt aquitard. The piezometers

were constructed using one-foot-long 2-inch diameter Schedule 40 PVC 20-slot well screens and
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2-inch diameter Schedule 40 PVC riser pipe. A filter sand pack consisting of Morie #00N sand
was constructed to 0.5 feet and above the top of the screen. During placement of the sand pack,
the depth of the sand pack was measured frequently and the rate of placement controlled to
prevent bridging. A bentonite chip seal was placed above the sand pack that extends five feet
above the surface of the glaciolacustrine silt. The remainder of the borehole was backfilled with
alternating layers of Morie #2 Sand and bentonite chips. The sand pack, bentonite chip seal, and
backfilled sand and bentonite slurry was placed through the hollow stem augers as the augers

were withdrawn from the borehole.
Grain Size Analyses and Physical Property Testing

Grain size analyses were performed on 248 soil samples using Standard Sieve Tests with sieve
sizes ranging from 1.5-inch to #200. Hydrometer analysis was employed on fine-grained
samples to determine percent silt and percent clay. Samples were analyzed by F.T. Kitlinski &
Associates, Inc. of Harrisburg, Pennsylvania. The grain size analysis reports are provided in

Appendix F.3.3.

In 2007 and 2010, 22 soil samples were analyzed for physical properties. The tests performed on
the soil samples include gravimetric moisture content, volumetric measurement, constant head
rigid wall, hanging column, pressure plate, dew point potentiometer, relative humidity box,
calculated unsaturated hydraulic conductivity, wet sieve, and hydrometer. Tests were performed
by Daniel B. Stephens & Associates, Inc. (D.B. Stephens) of Albuquerque, New Mexico. The
soils laboratory reports by D.B. Stephens are provided in Appendix F.3.3.

Moisture Content Analyses

483 soil samples were analyzed for percent moisture using SM-2540G. Samples were analyzed
by Eurofins Lancaster Laboratories Environmental (ELLE) of Lancaster, Pennsylvania. The
moisture content analysis results are included with the ELLE analytical laboratory reports in

Appendix F.3.3.
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Volatile Organic Compound (VOC) Analyses

The scope of the VOC analyses of the soil samples included analysis by EPA SW-846 Method
8260C to provide “soil-to-groundwater” concentration results and analysis by Microwave
Assisted Extraction (MAE) to provide total VOC concentration results. Gravel-sized soil
samples were crushed in the field prior to the MAE analyses while silt and sand-sized particles
were uncrushed. The VOC analyses by Method 8260C were conducted during all three soil
profiling investigations while the MAE analyses were conducted on soil samples collected in

2010 and 2017.

241 soil samples were analyzed for VOCs using EPA SW-486 Method 8260C during the three
phases of soil profiling. Samples were analyzed by ELLE. The VOC analysis results are
included with the ELLE analytical laboratory reports in Appendix F.3.3.

The VOC analyses by microwave extraction were performed by Stone Environmental (Stone) of
Montpelier, Vermont in 2010, and Cascade Technical Services (Cascade) of Montpelier,
Vermont (formerly Stone Environmental) in 2017. Over the course of the two phases of soil
profiling, 252 soil samples were analyzed by MAE for specific target VOCs. The microwave
assisted extraction techniques were performed in accordance with Cascade’s SOP SEI-10.17.1,
“Microwave Assisted Extraction of Volatile Organic Compounds from Rock Samples”. The
VOC results by MAE analysis are included with the Stone and Cascade analytical laboratory
reports in Appendix F.3.3.
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Appendix F.2

Soil Profiling Boring Logs

IRM Final Report for OU#3 and MA-A November 10, 2017
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GROUNDWATER SCIENCES CORPORATION

Project No.: 02007.33.0305
Project Location: Endicott, New York

Project Name: MA-A/OU#3 Soil Profile Testing

Boring No.: EN-094X
Sheet 1 of 1

Logged by: CES

Drilling Contractor: Parratt-Wolff, Inc. Geologist: C.E. Stoner Boring Completion Depth: 41 ft.
Driller: M. Marshall Drilling Method: HSA Ground Surface Elevation: ft.
Date Started: 10/9/2007 Date Completed: 10/9/2007 Sample Diameter: 3 in.
Soil Sample

Depth No. | Recovery %Moisture Sample USCS™ Description of Unconsolidated Material

o “| (nches) LLI*  FTK** Detail

! 1 10 NA 5.9 GP-GM [ SAND: med-fine sand, some gravel, tr silt, moist

2

8 2 13 10.8 7.3 GP-GM : same as above

4

: same as above

3 3 14 4.9 4.7 GP-GM [ o o o o o o o o o o o o e o e o o

6 SAND & GRAVEL: med sand, gravel, brown, moist

! 4 18 5.4 4.1 SP SAND: med sand, some gravel, brown, moist

8

E 5 12 4.8 5.3 SP SAND: med-fine sand, trace gravel, trace silt, loose, brown, moist

10

1 6 18 5.2 4.3 SP-SM [ SAND: med-fine sand, little gravel, trace silt, loose, brown, moist

12

13 7 16 5.3 5.1 (SP) SAND: med-coarse sand, trace gravel, trace silt at base of sample

14

15 8 14 5.0 5.1 SP SAND: med sand, trace gravel, loose, brown, moist

16

17 9 17 5.2 5.2 Engl'%.?fgfple SP SAND: med-fine sand, trace gravel, loose, brown, moist

18

19 10 16 4.9 55 SP SAND: med sand, trace gravel, brown, loose, moist

20

21 11 14 16 5.4 SP-SM SAND: med-fine sand, loose, brown,‘ moist; 1" layer v. fine sand at 21";

2 trace v. coarse sand at 21-22

28 12 14 7.1 6.4 SP-SM | SAND: med-fine sand, loose, brown, moist; occasional silt laminae

24 Eng'g sample

s 23-25' ] )

13 5 8.0 6.7 SM SAND: fine sand, loose, brown, moist
26
SAND: m-f sand, silt laminations <1/8" thick to 26.5'

Z {14 20 5.3 2.8 GP e e e e o o o o e e e e e e e ]

28 SAND & GRAVEL: med-coarse sand and fine-med gravel, loose, moist, brown

2 15 6 7.6 5.0 (GP) GRAVEL: fine-med gravel, trace med-coarse sand, trace silt, saturated

30

= 16 14 5.0 4.0 GP : same as above

32

33 17 11 216 19.7 SP-SM SAND: med-fine sand, occasional silt laminae in top 2" of sample, trace silt,

2 brown, saturated

-- SAND: med-coarse sand and med gravel (slough - not sampled

® 11g 12 240 29.7 —————_——_——————_——g—_—L—g————&—) ———————

36 ML SILT: tan silt with occasional pink laminae

119 13 218 R - : same as above

38 22.7 326 ML

= 20 11 25.6 315 (ML) : same as above

40 225 322 ML

a | 21 4 22.3 279 ML : same as above

End of Boring: 41.0 feet

Notes: * %Moisture by Lancaster Laboratories, Inc.

** Natural Moisture Content and USCS description by F.T. Kitlinski & Assoc., Inc.




— Project No.: 02007.33.0305 Boring No.: EN-214X
——1 Project Location: Endicott, New York Sheet 1 of 2
GROUNDWATER SCIENCES CORPORATION Project Name: MA-A/OU#3 Soil Profile Testing Logged by: CES
Drilling Contractor: Parratt-Wolff, Inc. Geologist: C.E. Stoner Boring Completion Depth: 56 ft.
Driller: M. Marshall Drilling Method: HSA Ground Surface Elevation: - ft.
Date Started: 10/18/2007 Date Completed: 10/18/2007 Sample Diameter: 3 in.
Soil Sample
Depth No. | Recovery %Moisture Sample USCSH Description of Unconsolidated Material
o "] (inches) LLI*  FTK** Detail
1 SAND & GRAVEL (FILL): subrounded to rounded gravel, silt, clay,
1 19 5.2 SM
2 dark yellow-brown, trace cobbles, damp
3 2 18 59 SM SAND & SILT (FILL):"some gravel, darlk yelllow-brown, damp;
4 1" ash layer at 3.9'-4.2
2 3 16 10.6 SM SAND (FILL): v. fine sand, some silt, trace gravel, dark yellow-brown, moist
6
! 4 17 8.6 SM SAND: fine sand, trace silt, light brown, moist
8
9 5 15 73 SP-SM SAND & GRAVEL: med-coarse sand and fine gravel, subrounded, moist
10 ' SAND: med sand, trace coarse sand, some subrnd-rnd gravel, moist
1 SAND: med sand, trace fine sand, dark yellow-brown, moist
12 6 13 7.0 SP-SM med-coarse sand at 11.8'-12.0'
13 SAND: med-coarse sand, quartz-rich, dark yellow-brown, moist; 2" layer of
14 ! 18 4.9 SP-SM fine sand with trace silt at 13.8'-14.0'
15 8 19 13.0 Engl'i Isir;r.lple SM SAND: fine-coarse sand, dark yellow-brown, moist
16 - : same as above, trace gravel
rlog 18 8.3 SP SAND: med sand, dark yellow-brown, loose, moist
18
19 SAND: med sand, trace fine sand, med-coarse sand at base, qtz-rich, moist
10 17 9.7 SP-SM | == e e o o o o o o o e e e o e e —— o o o e e e
20 Eng'g sample SAND & GRAVEL: med-coarse sand and fine-med subrnd-rnd gravel, moist
19-21' . } .
21 1 15 34 oW SAND & GRAVEL: med-v. coarse sand and fine-med gravel, trace cobbles
22
23 : same as above
12 16 6.0 SP-SM | == s e e o o o o o o o o o ——— o
24 SAND: med sand, trace coarse sand, quartz-rich, loose, moist
2 113 19 5.4 SP-SM [ SAND: med sand, occasional med-coarse sand lenses, gtz-rich, loose, moist
26
2114 18 4.2 SP SAND: med sand, trace coarse sand, trace gravel, quartz-rich, moist
28
2 115 20 41 SP SAND: med sand, quartz-rich, moist
30
= 16 21 4.8 SP SAND: med sand, trace coarse sand, some silt at 30.2'-30.5', moist
32
B 117 18 43 SP SAND: med sand, trace coarse sand, moist
34
S 118 18 46 SP : same as above
36
37 : same as above, saturated
19 14 8.0 GP | e e = i e e
38 SAND & GRAVEL: med sand and fine subrnd-rnd gravel, saturated
» | 5 18 216 SP-SM - med sand and fine grayel, trace cs sand / med-coarse sand, trace silt
40 : med-coarse sand and fine gravel, trace v. coarse sand / med sand
P SAND: med sand, trace silt, occasional silt laminae;
2 21 16 243 SP-SM : med-fine sane with silt laminae at 41.8'-42.0'

Notes: * %Moisture by Lancaster Laboratories, Inc.

** Natural Moisture Content and USCS description by F.T. Kitlinski & Assoc., Inc.




— Project No.: 02007.33.0305 Boring No.: EN-214X
——1 Project Location: Endicott, New York Sheet 2 of 2
GROUNDWATER SCIENCES CORPORATION Project Name: MA-A/OU#3 Soil Profile Testing Logged by: CES
Drilling Contractor: Parratt-Wolff, Inc. Geologist: C.E. Stoner Boring Completion Depth: 56 ft.
Driller: M. Marshall Drilling Method: HSA Ground Surface Elevation: - ft.
Date Started: 10/18/2007 Date Completed: 10/18/2007 Sample Diameter: 3 in.
Soil Sample

Depth No. | Recovery %Moisture Sample USCSH Description of Unconsolidated Material

2 "] (inches) LLI*  FTK** Detail

43 SAND: fine sand, silt laminae throughout, dark yellow-brown, saturated

4 22 1 279 SM 1" fine-med sand layer at 43.9'-44.0'

45 23 12 59 GP SAND: med sand, trace coarse sand, yellow-brown, saturated

46 ' SAND & GRAVEL: med-coarse sand and med-fine gravel, cobbles present

27| oy 11 4.0 GW-GM : same as above .

48 : same as above, slightly more v.c. sand to v.f. gravel

49 10 - : same as above (may be slough, not sampled)

50 | 25 24.1 ML SILT: light olive-brown with pink clay laminae (at 49.5")

.3
31| 2oz 21 sz ML : same as above, 1/4" clay lamina at 50.3', clay laminae at 51.1-51.3'
52 ’ 26.7/22.9 ML
2.

58| %05t 15 sz ML : same as above, clay laminae at 52.4'-52.5', single lamina at 53.1'

54 22.6/20.4 ML

55 | 33,34 24 22.8/22.7 ML . same as above, pink clay laminae at 54.3', 54.8', 55.7"

s | 2% 2391225 ML : little clay with light olive laminae from 54.9'-55.5'

End of Boring: 56.0 feet

Notes: * %Moisture by Lancaster Laboratories, Inc.
** Natural Moisture Content and USCS description by F.T. Kitlinski & Assoc., Inc.




— Project No.: 02007.33.0305 Boring No.: EN-215X
[ Project Location: Endicott, New York Sheet 1 of 2
GROUNDWATER SCIENCES CORPORATION Project Name: MA-A/OU#3 Soil Profile Testing Logged by: CES
Drilling Contractor: Parratt-Wolff, Inc. Geologist: C.E. Stoner Boring Completion Depth: 50 ft.
Driller: M. Marshall Drilling Method: HSA Ground Surface Elevation: - ft.
Date Started: 10/16/2007 Date Completed: 10/16/2007 Sample Diameter: 3 in.
Soil Sample
Depth | \o. | Recovery %Moisture Sample USCS* Description of Unconsolidated Material
o “| (inches) LLI*  FTK** Detail
L 1 16 7.9 SM SILT, SAND & GRAVEL (FILL): some clay at 0-0.5'
2
3 2 15 16.9 SM SAND.: med §and, yellow-brown, loose, m0|st'
4 : med-fine sand, dark yellow-brown, moist
5 3 16 191 SM SAND.: flne-v. fine sand, trace c_Iay/snt _
6 : fine-med sand, trace v. fine gravel at base of sample, moist
7 SAND: med sand, trace gravel, trace v. coarse sand, gtz-rich, trace organic
4 19 8.4 SP - .
s material, loose, moist
2 5 8 8.0 SP-SM [ SAND: med sand, trace course sand, trace organic material, mottled
10
11 SAND: med-coarse sand, trace gravel, trace v. coarse sand, dark yellow-
6 19 7.7 SP -
12 Eng'g sample brown, loose, moist
13 11-13 SAND: v. fine sand, trace silt, yellow-brown, moist-wet
7 13 24.6 ML ] : . . ) .
14 : med-coarse sand, occasional silt laminae, gtz-rich, loose, moist
15 8 15 3.8 SP SAND: med sand, trace coarse to v. coarse sand, qtz-rich, loose, moist
16
17 9 23 79 SP-SM SAND.: same as above; 2 Iayer of v._flne sa_nd at17.0
18 : med-fine sand, trace silt, gtz-rich, moist
: same as above
® 110 20 45 SP | o o o i o e e e et o e et o e e e et e e e
20 SAND & GRAVEL: med-coarse sand, trace silt, moist at 19.5'
21 SAND & GRAVEL: fine-med subrnd-rnd gravel and med-coarse sand, trace
11 15 5.0 GP :
2 v. coarse sand, cobbles present, moist
2 112 6 2.7 -- : same as above
24 Eng'g sample
. 23-25'
13 10 33 GW-GM : same as above, cobbles absent
26
27 | 14 16 3.0 Gp : s?me as above, med §and layer at 27.5'-28.0',
28 2" gravel layer at 26.9
2 | 15 16 27 Gp SAND & GRAVEL: flne-med‘ subrnd-rnd gravel and med-coarse sand,
20 loose, moist
31 Eng'g sample .
” 16 22 3.0 20-32" - : same as above
: bove to 33'
33 147 16 9.1 SM ___ETEa_SEEVEE_______— ________________
34 Eng'g sample SAND: v. fine sand, dark yellow-brown, moist
33-35'
® 18 19 3.6 SP-SM [ SAND: med sand, loose, gtz-rich, moist; 1" layer of v. fine sand at 34.8'
36
37 SAND: med sand, loose, dark yellow-brown, moist, qtz-rich
18 19 19 4.0 SP-SM :v. coarse sand to v. f. gravel at 37.0'-37.2', slight coarsening downward
® | 5 16 226 SP-SM SAND.: med sand, trac'e coarse sand
20 : saturated at 39
: same as above to 40.5'
221 14 15.1 SP-SM |—— == = L —
42 GRAVEL: med-fine subrnd-rnd gravel, trace coarse to v. cs. sand, saturated
Notes: * %Moisture by Lancaster Laboratories, Inc.

** Natural Moisture Content and USCS description by F.T. Kitlinski & Assoc., Inc
Samples collected for sorption measurements at 27'-33' (sand & gravel) and 34'-39' (sand)




— Project No.: 02007.33.0305 Boring No.: EN-215X
[ Project Location: Endicott, New York Sheet 2 of 2
GROUNDWATER SCIENCES CORPORATION Project Name: MA-A/OU#3 Soil Profile Testing Logged by: CES
Drilling Contractor: Parratt-Wolff, Inc. Geologist: C.E. Stoner Boring Completion Depth: 50 ft.
Driller: M. Marshall Drilling Method: HSA Ground Surface Elevation: - ft.
Date Started: 10/16/2007 Date Completed: 10/16/2007 Sample Diameter: 3 in.
Soil Sample

Depth | \o. | Recovery %Moisture Sample USCS* Description of Unconsolidated Material

2 (inches) LLI* FTK** Detail

43 NR -- GRAVEL: same as above to 43.5'

w22 10 20.6 GP/ML | SILT: light olive-brown, occasional pink clay laminae |

45 gg 23 22 21.8/25.4 ML : same as above

46 28.5/28.2

47 | 28,29 2 30.3/25.4 ML/ML | SILT: med-gray, pink clay laminae throughout

s |0 2841263 ML/ML

49 | 32,33 22 26.2/21.6 ML/ML : same as above, 1/4" pink clay layer at 49.9'

s | % 2171261 ML/ML

End of Boring: 50.0 feet

Notes: * %Moisture by Lancaster Laboratories, Inc.
** Natural Moisture Content and USCS description by F.T. Kitlinski & Assoc., Inc
NR = No recovery




GROUNDWATER SCIENCES CORPORATION

Project No.: 02007.33.0305 Boring No.: EN-438X
Project Location: Endicott, New York Sheet 1 of 1
Project Name: MA-A/OU#3 Soil Profile Testing Logged by: CES

Drilling Contractor: Parratt-Wolff, Inc. Geologist: C.E. Stoner Boring Completion Depth: 40 ft.
Driller: L. Christensen Drilling Method: HSA Ground Surface Elevation: ft.
Date Started: 11/15/2007 Date Completed: 11/15/2007 Sample Diameter: 3 in.
Soil Sample

Depth | \o. | Recovery %Moisture Sample USCS* Description of Unconsolidated Material

o “| (inches) LLI*  FTK** Detail

1 1 6 55 B ASPHALT: to 0.5'

2 ' GRAVEL & COBBLES: little fine-coarse sand, damp (asphalt base)

512 12 8.0 - : same as above

4

2 3 10 12.0 SP-SM [ SAND: fine-med sand, trace subrnd-rnd gravel, trace silt, dark yellow-brown

6

7 SAND & GRAVEL: med sand and subrnd-rnd gravel, trace fine and v. coarse

4 9 9.6 GP-GM . )

s sand, trace silt, dark yellow-brown, moist

9 5 1 6.3 GP-GM SAND & GRAVEL.: med sand and su_brnd-rnd gravel, brown, moist

10 : greater sand fraction at base of sample

1 6 9 31 SP-SM SAND & GRAVEL: med-coarse sand and fine suprnd-rnd gravel, trace

12 coarse sand, loose, brown, moist

13 7 10 7.1 SP-SM [ SAND: med sand, trace gravel, occasional silt laminae, loose, qtz-rich, moist

14

15 8 14 6.2 Engii.‘f'la?ple SP-SM [ SAND: med sand, trace coarse sand, mottled, gtz-rich, loose, moist

16

17 9 15 6.6 SP-SM [ SAND: med sand, trace coarse sand, trace gravel, slightly coarser at 17'-18'

18

19 10 16 3.6 SP SAND: med-coarse sand, trace gravel at 18.0'-18.5', qtz-rich, loose, moist

20

: same as above to 20.5'
201 19 5.7 GW-GM|——— e = L
2 SAND & GRAVEL: med-coarse sand and subrnd-rnd gravel, trace v. cs. sand
: same as above to 23.0'
2 112 12 4.6 SP-SM | == == e e e et e e e = e e e e ]
24 Engg sample _SAND: med sand grading to med-coarse sand, trace v. cs, sand, loose, moist_ _
23-25' - B - "

Il 18 3.0 oW SAND & GRAVEL: med coarS(‘e sand and subrnd-rnd gravel, 2" layer of med

2 sand at 24.5

27 SAND & GRAVEL: med-coarse sand and subrnd-rnd gravel, 2" layer of v. fine

14 17 35 SP-SM . , -

28 sand, silt and gravel at 26.5', sand slightly coarser at base of sample

2 15 14 4.0 GW SAND & GRAVEL: med-coarse sand and subrnd-rnd gravel, moist

30

: same as above to 30.5'

2116 15 18.1 SM | o i o o e

32 SAND: fine sand, some v. fine sand, trace silt, occasional silt laminae

33 17 14 19.1 SM SAND: v. fine-fine sand, trace silt, dark yellow-brown, saturated

34 18 25.1 ML SILT: at 33.5', light olive brown, pink clay laminae; 1" gravel layer on top of silt

35 | 19,20 23 278251 ML : same as above

6 | 0% 23.0123.1 ML : grey silt, little clay, pink clay laminae approx. every 3"

37 | 23,24 22 22.0121.8 ML SILT: grey silt with little clay, pink clay laminae approx. every 3" from

s | 2% 2781233 ML 36.5'to 38.0'

21.8/20.
N 22 Lo ML : same as above, higher clay fraction from 38.5'-39.0'
40 ' 23.2/24.1 ML
End of Boring: 40.0 feet

Notes: * %Moisture by Lancaster Laboratories, Inc.

** Natural Moisture Content and USCS description by F.T. Kitlinski & Assoc., Inc
Samples collected for sorption measurements at 12'-19' (sand); 26'-30' (sand & gravel); 34'-38' (silt)




GROUNDWATER SCIENCES CORPORATION

Project No.: 02007.33.0305 Boring No.: EN-401X
Project Location: Endicott, New York Sheet 1 of 2
Project Name: MA-A/OU#3 Soil Profile Testing Logged by: CES

Drilling Contractor: Parratt-Wolff, Inc. Geologist: C.E. Stoner Boring Completion Depth: 46 ft.
Driller: M. Marshall Drilling Method: HSA Ground Surface Elevation: - ft.
Date Started: 10/10/2007 Date Completed: 10/11/2007 Sample Diameter: 3 in.
Soil Sample
Depth | \o. | Recovery %Moisture Sample USCS* Description of Unconsolidated Material
o “| (inches) LLI*  FTK** Detail
1 1 18 19 GP-GM SILT, SAND & GRAVEL (FILL): v. coarse-coarse sand, subrnd-rnd gravel,
2 loose, dry
512 14 3.2 GW-GM :same as above
4
> I NR 0 - -
6
” I NR 0 - -
8
9 3 18 35 GP-GM SAND & GRAVEL: med s_and, trace course sand, fine-med gravel, trace
10 silt, moist
: same as above, but with some silt
i 4 18 3.9 SP-SM | o e o e o o e o o e o o e e e e
12 SAND: med sand, trace gravel, brown, loose, moist
B 15 22 43 SP SAND: med sand, brown, loose, moist
14
' : same as above
L 1g 18 19.7 Engg sample | L _ v _ o _
16 14-16 SAND: fine sand, brown, cohesive, moist / fine-med sand, brown, moist
17 7 17 57 GpP SAND & GRAVEL: mgd-coarse sand and med-fine subrnd-rnd gravel,
18 moist-wet
19 8 21 4.3 GP :same as above with 2" layer of fine-v. fine sand at 18'
20
21 9 23 45 cp SAND & GRAVE!_: same as above o
2 Eng'g sample : slightly finer from 21'-23
23 21-23'
10 16 4.6 GW : same as above
24
% | 14 12 45 oW SAND & GRAVEL: same as above, except slightly coarser with cobbles,
2 very coarse sand at base of sample
27 | 15 18 36 sp SAND: med-coarse sand, trace fine sand, trace gravel, brown, loose, moist
2 | . 0 | @ e—_—_——meem—e—_—_——_——— ]
29 SAND & GRAVEL: fine-med subrnd-rnd gravel and med-coarse sand,
13 18 4.3 GP ot qm ; .
20 trace v. coarse sand, moist; 1" layer of v. fine sand at 29
3| oqy 22 4.0 Gp SAND & GRAVEL: fine-med subrnd-'rnd 'gravel and med-coarse sand,
a2 med sand from 30'-31
B 115 19 45 GW :same as above
34
B {1617 16 4312 GP SAND & GRAVEL: fine gravel and med-coarse sand, trace v. coarse sand
36 .
3 | 14 4.8 SP SAND: med sand, trace gravel, moist
38 ' 6.2 -- SAND & GRAVEL: fine rnd-subrnd gravel and med-coarse sand, saturated
39 [2021 3.9/8.5 . P
2 18 GW :same as above, with silt/clay at base of sample
40 8.5/10.1
41| ;0 15 255 ML SILT: brown, occasional pink clay laminae, saturated
42 34.1
Notes: * %Moisture by Lancaster Laboratories, Inc. NR = No recovery

** Natural Moisture Content and USCS description by F.T. Kitlinski & Assoc., Inc
Samples collected for sorption measurements at 8'-10' (sand & gravel); 38'-40' (sand & gravel); 40'-46' (silt)




GROUNDWATER SCIENCES CORPORATION

Project No.: 02007.33.0305 Boring No.: EN-401X
Project Location: Endicott, New York Sheet 2 of 2

Project Name: MA-A/OU#3 Soil Profile Testing Logged by: CES

Drilling Contractor: Parratt-Wolff, Inc. Geologist: C.E. Stoner Boring Completion Depth: 46 ft.
Driller: M. Marshall Drilling Method: HSA Ground Surface Elevation: - ft.
Date Started: 10/10/2007 Date Completed: 10/11/2007 Sample Diameter: 3 in.
Soil Sample

Depth No. | Recovery %Moisture Sample USCSH Description of Unconsolidated Material

2 (inches) LLI* FTK** Detail

43| 54 5 6 204 ML SILT: gray, occasional pink laminae; v. fine sand lens at base of sample

44

5 | o6 0 12 21.1 ML : same as above

46 22.6

End of Boring: 46.0 feet

Notes:




GEOLOGIC LOG: EN-215V
Page 1 of 3

GROUNDWATER SCIENCES CORPORATION

PROJECT INFORMATION

DRILLING INFORMATION

PROJECT: Soil Profile Borings
SITE LOCATION: Endicott, NY

JOB NO.: 02007.33.0305
LOGGED BY: RSU

DATES DRILLED: 5/12/10 - 5/13/10

DRILLING CO.: Parratt Wolff

DRILLER: Glenn Lansing

RIG TYPE: Mobil Drill

DRILLING METHOD: 6 1/4" 1D Hollow Stem Auger

DEVELOPMENT DATE: No well installed

LOCATION: Corner of Grant & Monroe, 19' south of EN-215

NOTES: Continuous sampling advanced in 2' increments
using 4" OD split spoon samplers.

ELEVATION 847.9 ft. amsl
EASTING 966091.0
NORTHING 766442.1

BLOW
COUNTS

DEPTH
FEET
PID
(ppm)
RECOV.
SAMP. #

WELL WELL
CONSTRUCTION

SOIL DESCRIPTION CONSTRUCTION DETAILS

GRAPHIC
DEPTH
FEET

23 1

TOPSOIL: Brown, fine to coarse o ,:’x
GRAVEL, and fine to coarse Sand, some A
Silt. Moist. >

A
o

Topsoil (0-3")
#0 Sand (3"-1')

depth.

SILTY SAND: Yellowish brown, fine to
medium SAND, some Silt, trace fine to
— 2 coarse Gravel. Moist. Fining with

16 2

SAND: Yellowish brown, fine to medium :
SAND, trace Silt, trace fine SR-R .
Gravel. Moist. Gravel present 3'-4'". .

Moist.

SILTY SAND: Yellowish brown, fine
SAND, some Silt, trace fine Gravel.

23 3

SAND: Yellowish brown, fine to medium
SAND, little Silt, trace fine SR-R Gravel.
— 6 Moist. Gravel present 5.0'-5.4'.

. . 10" dia. HSA
o L. borehole (0'-50")

20 4

SAND: Brown, fine to medium SAND,
trace Silt, trace fine SR-R Gravel. Moist.

16 5

SAND: Grayish brown, fine to medium
SAND, trace fine SR-R Gravel, trace

— 10

SAND: Grayish brown, fine to medium
SAND, trace Silt, trace fine Gravel.
Moist. Coarsening with depth.

10 L. . Portland cement grout
i S (1-19)

OO DO DO D3O
o]

SAND: Grayish brown, fine SAND, trace
Silt. Moist.

— 12

SAND: Grayish brown, fine to medium
SAND, little fine to coarse Gravel, trace
Silt. Moist. Grading to some Gravel s
with depth. —

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

Silt. Moist. .
.
.
.
.
.
.
.
.
+
.
.
.
.
.
.

12

.
.
.
DO RN 0

L 14 SANDY SILT: Brown, SILT, some fine et 14
Sand. Moist. BEGS

Moist.

SAND: Grayish brown, fine to medium
22 8 SAND, trace Silt, trace fine Gravel.

16 SAND: Grayish brown, fine to medium
SAND, trace Silt, trace fine SR-R
Gravel. Moist.

16

23 9 SAND: Grayish brown, fine to medium
SAND, trace Silt. Moist.

18 SAND AND SILT: Yellowish brown, - 18
fine SAND and Silt. Moist. .

— 20

SAND: Grayish brown, fine to medium oreien
21 10 SAND, trace Silt. Moist. SO

Bentonite chip
annular seal (19'-50")
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DEPTH

FEET

BLOW
COUNTS

PID
(ppm)

RECOV.

SAMP. #

SOIL DESCRIPTION

GRAPHIC

DEPTH

FEET

WELL
CONSTRUCTION

WELL
CONSTRUCTION
DETAILS

22

24

28

30

32

34

36

38

40

42

44

46

18

11

SANDY GRAVEL.: Brown, fine to coarse
SR-R GRAVEL, some fine to coarse
Sand, trace Silt. Moist.

12

12

SANDY GRAVEL.: Brown, fine to coarse
SR-R GRAVEL, some fine to coarse
Sand, trace Silt. Moist. Gravel of
various lithologies including sandstone
and granite.

13

No Recovery

17

14

14

15

SANDY GRAVEL: Brown, fine to coarse
SR-R GRAVEL, some fine to coarse
Sand, trace Silt. Moist. Gravel of
various lithologies including sandstone,
siltstone, and granite. Below 28.8" wet,
light gray, grout-like clay is present in

the matrix.

16

16

GRAVEL AND SAND: Brown, fine to
coarse SR-R GRAVEL and fine to
coarse Sand, trace Silt. Moist.

24

17

SANDY GRAVEL.: Brown, fine to coarse
SR-R GRAVEL, some fine to coarse
Sand, trace Silt. Moist.

23

18

18

19

SAND: Brown, fine to medium SAND,
trace Silt. Wet. Lenses of fine Sand at
34.7',34.9', and 35.7'.

24

20

SAND: Brown, fine to medium SAND,
little Silt, trace fine SR-R Gravel. Wet.

24

21

SAND: Brown, fine to medium SAND,
trace Silt, trace fine SR-R Gravel. Wet.
Fining with depth.

13

22

24

23

SANDY GRAVEL.: Brown, fine to coarse
SR-R GRAVEL, some fine to coarse
Sand, trace Silt. Wet.

P

SILT: Light olive brown, Clayey SILT.
Wet. Light reddish brown, Silty Clay
lamination at 44.5'.

46

10" dia. HSA
borehole (0'-507)

Bentonite chip
annular seal (19'-50")
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T — S Q I WELL
= BLOW oE| g » z E m WELL CONSTRUCTION
B & | counTs =R z SOIL DESCRIPTION § |8 = | CONSTRUCTION DETAILS
i SILT: Olive, SILT. Wet. Pink, Silty —1
Clay lamination at 46.3". — 10" dia. HSA
i 13 24 — T borehole (0'-507)
— 48 ———— 48 . .
SILT: Gray, Clayey SILT. Wet. Pink, — Bentonite chip
i Silty Clay laminations at 48.3' and 48.6'. — T annular seal (19'-50')
' 14 25 — T
L 50 50




GEOLOGIC LOG: EN-215W

—
=== GROUNDWATER SCIENCES CORPORATION page L of 3
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: Soil Profile Borings DRILLING CO.: Parratt Wolff
SITE LOCATION: Endicott, NY DRILLER: Glenn Lansing
RIG TYPE: Mobil Drill
JOB NO.: 02007.33.0305 DRILLING METHOD: 4 1/4" 1D Hollow Stem Auger
LOGGED BY: RSU DEVELOPMENT DATE: 6/2/10
DATES DRILLED: 5/19/10 LOCATION: Corner of Grant & Monroe, 28' south of EN-215
NOTES: TOC = 847.36 ft. amsl ELEVATION 847.7 ft. amsl
Continuous sampling advanced in 2' increments EASTING 966090.5
using 3" OD split spoons samplers. NORTHING 766432.5
T _ . + 9 WELL
Bl "V lagl 3 g IEL WELL CONSTRUCTION
G | COUNTS | > E| & Fe SOIL DESCRIPTION % i I | CONSTRUCTION DETAILS
— 0 0 8" Flushmount
B mky Concrete surface pad
B 2" locking well cap
-2 2 8" dia. HSA borehole
= (051"
B #0 sand (1.0-1.4)
~ 4 — 4 Bentonite chip
r annular seal
B (1.4'-2.9)
B 2" dia. sch. 40 PVC
- 6 — 6 riser (0'-50")
B #0 sand (2.9-8.0")
L8 — 8
B Bentonite chip
r annular seal
10 10 (8.0-10.6")
— 12 — 12
B #0 sand (10.6-'-16.8")
— 14 — 14
— 16 — 16
B Bentonite chip
— 18 — 18 annular seal
B (16.8-19.0)
B #0 sand (19.0'-24.1")
— 20 — 20
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= > e | T WELL
i BLOW | 9F | g e I|E& WELL CONSTRUCTION
i W “8| = SOIL DESCRIPTION < |w ¥ | CONSTRUCTION
ou COUNTS = o e g |0 DETAILS
— 22
i #0 sand (19.0'-24.1")
— 24 ) )
SANDY GRAVEL.: Brown, fine to coarse Bentonite chip
i SR-R GRAVEL, some fine to coarse annular seal
- Sand, trace Silt. Moist. (24.1'-26.6")
14 1
- % 8" dia. HSA borehole
i - (0-51Y)
-2 — 28 2" dia. sch. 40 PVC
i - riser (0'-50)
- 30 — %0 #0 sand (26.6-32.9)
— 32 — 32
-3 34 Bentonite chip
r - annular seal
- L (32.9'-35.5")
— 36 — 36
-3 38 #0 sand (35.5-41.0)
— 40 — 40
— 42 — 42
— 44 — 44
i B Bentonite chip
r - annular seal
— 46 L 46 (41.0-49.5)




GROUNDWATER SCIENCES CORPORATION

GEOLOGIC LOG: EN-215W

PROJECT:  Soil Profile Borings Page 3 of 3
T — S Q I WELL
E W BLow 1 2¢e /| & & £ |&u WELL CONSTRUCTION
B & | counTs e g z SOIL DESCRIPTION § |8 = | CONSTRUCTION DETAILS
i B Bentonite chip
— 48 — 48 annular seal
L B (41.0'-49.5"
L - #00N sand pack
i i (49.5-51.0)
L 50 — 50 2" dia. 20-slot sch. 40

PVC screen
(50.0'-51.07)




GEOLOGIC LOG: EN-215SV

—
= GROUNDWATER SCIENCES CORPORATION page L of 2
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: Soil Profile Borings DRILLING CO.: Parratt Wolff
SITE LOCATION: Endicott, NY DRILLER: Glenn Lansing
RIG TYPE: Mobil Drill
JOB NO.: 02007.33.0305 DRILLING METHOD:  3.25" OD Direct-push
LOGGED BY: RSU DEVELOPMENT DATE: Performance testing on 5/20/10 by SHA
DATES DRILLED: 5/19/10 - 5/20/10 LOCATION: Corner of Grant & Monroe, 18.5' south of EN-215
NOTES: ELEVATION 847.9 ft. amsl
EASTING 966086.5
NORTHING 766442.0
T - : 3 o WELL
T i - T g IEL WELL CONSTRUCTION
ow COUNTS = D Z SOIL DESCRIPTION ?D: ,_,DJ m CONSTRUCTION DETAILS

]
o

8" Flushmount
Concrete surface pad

s 1/4" dia. Stainless
B [ steel tubing with
- 2 . A Swagelok

[l compression-type
B Rl fittings (0'-29.5"

#0 sand (L.0-3.0Y)

— 4 4 Bentonite chip
annular seal
B (3.0-5.0)

= 3.25" OD direct-push
— 6 — 6 - boring (0'-30.0")

#0 sand (5.0-10.0')

L8 — 8

— 10 — 10 B

— 12 — 12
B Bentonite grout
~ annular seal

— 14 14 (10.0-18.0")

— 16 — 16

- 18 — 18 ale

#0 sand (18.0'-25.6")

— 20 — 20




GROUNDWATER SCIENCES CORPORATION

GEOLOGIC LOG: EN-215SVI

PROJECT:  Soil Profile Borings Page 2 of 2
_ ) o | WELL
b BLOW 0E| 3 o I |k WELL CONSTRUCTION
& w =g 8 s SOIL DESCRIPTION g |w W CONSTRUCTION
o w COUNTS ~ @ e g |0 DETAILS
i B 3.25" OD direct-push
i r I boring (0'-30.07)
- 22 — 22 :
I B : #0 sand (18.0'-25.6")
— 24 — 24 1/4" dia. Stainless
r - : steel tubing with
L | . Swagelok
: compression-type
r o B fittings (0'-29.5")
L 26 — 26 EE
_ B EE Powdered bentonite
- o HH annular seal
i | (25.6'-29.0")
— 28 — 28 Glass beads
| | (29.0'-30.0")
L - Steel soil vapor
implant screen
" B (29.5'-30.0")
— 30 30




— GEOLOGIC LOG: EN-401V
=== GROUNDWATER SCIENCES CORPORATION Page 1 of 2
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: Soil Profile Borings DRILLING CO.: Parratt Wolff
SITE LOCATION: Endicott, NY DRILLER: Glenn Lansing
RIG TYPE: Mobil Drill
JOB NO.: 02007.33.0305 DRILLING METHOD: 6 /4" 1D Hollow Stem Auger
LOGGED BY: RSU DEVELOPMENT DATE: No well installed
DATES DRILLED: 5/13/10 - 5/14/10 LOCATION: Roosevelt Ave., north of EN-401
NOTES: Continuous sampling advanced in 2' increments ELEVATION 852.2 ft. amsl
using 4" OD split spoon samplers. EASTING 967261.3
NORTHING 765162.9
T . . ** o T WELL
Bl BV lagl 3 g | EhL WELL CONSTRUCTION
au COUNTS | & &| & 4 SOIL DESCRIPTION % W W | CONSTRUCTION DETAILS
— N LN 0 H "
TOPSOIL: Brown, fine to coarse SAND, N Topsoil (0-3")
some fine to coarse Gravel, some Silt. A #0 Sand (3"-1")
Moist. A
18 1 - [ 58
GRAVEL AND SAND: Yellowish >,
brown, fine to coarse SR-R GRAVEL S 22
- 2 and fine to coarse Sand, trace Silt. o 2
Moist. &
- K>«
12 2 SANDY GRAVEL.: Yellowish brown, %
fine to coarse SR-R GRAVEL, some fine K>S
to coarse Sand, trace Silt. Moist. O
— 4 o 4
SANDY GRAVEL.: Yellowish brown, o
fine to coarse SR-R GRAVEL, some fine K>S,
to coarse Sand, trace Silt. Moist. O .
14 3 H 10" dia. HSA
% borehole (0'-46")
— 6 - — 6
SANDY GRAVEL.: Yellowish brown, o
fine to coarse SR-R GRAVEL, some fine K>S,
13 . to coarse Sand, trace Silt. Moist. C>
g o5 8
GRAVEL.: Yellowish brown, fine to
coarse SR-R GRAVEL, little fine to
coarse Sand, trace Silt. Moist.
23 5
- 10 No Recovery 10 Portland cement grout
(1'-15"
0 6
— 12 — 12
GRAVEL AND SAND: Dark yellowish CL§<L
brown, fine to coarse SAND and fine to 472
2 ; coarse SR-R Gravel, little Silt. L
SAND: Dark yellowish brown, fine to
medium SAND, little Silt, trace fine to
— 14 coarse Gravel. Moist.
SAND: Dark yellowish brown, fine to
8 medium SAND, trace Silt, trace fine
23 Gravel. Moist. Seam of fine Gravel at
15",
— 16 SANDY SILT: Dark yellowish brown,
SILT, some fine Sand. Wet. Silt lenses
throughout.
B SANDY GRAVEL: Dark yellowish Bentonite chip_ 4
brown, fine to coarse SR-R GRAVEL, annular seal (15-46)
— 18 some fine to medium Sand, trace Silt.
Moist.
SANDY GRAVEL: Dark yellowish
14 10 brown, fine to coarse SR-R GRAVEL,
some fine to coarse Sand, trace Silt.
L 20 Moist.
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PROJECT:
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Page 2 of 2

DEPTH
FEET

BLOW
COUNTS

PID
(ppm)

RECOV.

SAMP. #

SOIL DESCRIPTION

GRAPHIC

DEPTH
FEET

WELL
CONSTRUCTION
DETAILS

WELL
CONSTRUCTION

22

24

28

30

32

34

36

38

40

42

44

46

12

11

GRAVEL.: Brown, fine to coarse SR-R
GRAVEL, little fine to coarse Sand,
trace Silt. Moist.

T
0

sl

O

22

12

No Recovery

13

No Recovery

16

14

GRAVEL: Grayish brown, fine to coarse
SR-R GRAVEL, little fine to coarse
Sand, trace Silt. Moist. Coarse Gravel
absent from 26.4'-26.8'.

18

15

SANDY GRAVEL.: Brown, fine to coarse
SR-R GRAVEL, some fine to coarse
Sand, trace Silt. Moist.

18

16

SANDY GRAVEL: Light yellowish
brown, fine to coarse SR-R GRAVEL,
some fine to coarse Sand, trace Silt.
Moist.

15

17

SANDY GRAVEL: Light yellowish
brown, fine to coarse SR-R GRAVEL,
some fine to coarse Sand, trace Silt.
Moist.

17

18

22

19

GRAVEL AND SAND: Grayish brown,
fine to coarse SR-R GRAVEL and fine
to coarse Sand, trace Silt. Very Moist.
Sand more abundant from 34.0'-34.4".

SAND: Dark yellowish brown, fine to
medium SAND, little fine to coarse
Gravel, trace Silt. Moist.

22

20

GRAVEL AND SAND: Dark yellowish
brown, fine to coarse SAND and fine to
coarse SR-R Gravel, trace Silt. Wet.
Gravelly layer 39.2'-39.5'.

15

21

SILT: Light yellowish brown, SILT.
Wet. Reddish brown Silty Clay
lamination at 40.0".

42

11

22

SILT: Light yellowish brown, Clayey
SILT. Wet. 1/2" Pink, Silty Clay seam
at42.4'.

22

23

SILT AND CLAY: Gray, SILT & CLAY.
Wet. 1/4" Pink, Silty Clay seams occur
at a frequency of 6-8 per foot. Seams
have a gradational lower contact and a
sharp upper contact.

AL

M

44

10" dia. HSA
borehole (0'-46")

Bentonite chip
annular seal (15'-46")

46




GEOLOGIC LOG: EN-401W

I
=== GROUNDWATER SCIENCES CORPORATION page 1of 2
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: Soil Profile Borings DRILLING CO.: Parratt Wolff
SITE LOCATION: Endicott, NY DRILLER: Glenn Lansing
RIG TYPE: Mobil Drill
JOB NO.: 02007.33.0305 DRILLING METHOD: 4 1/4" 1D Hollow Stem Auger
LOGGED BY: RSU DEVELOPMENT DATE: 6/2/10
DATES DRILLED: 5/20/10 - 5/21/10 LOCATION: Roosevelt Ave.
NOTES: TOC =851.84 ft. amsl ELEVATION 852.3 ft. amsl
Continuous sampling advanced in 2" increments EASTING 967266.3
using 3" OD split spoon samplers. NORTHING 765155.4
T _ . + 9 T WELL
B E BLOW | o E § g I | EhL WELL CONSTRUCTION
au COUNTS | & &| & 4 SOIL DESCRIPTION % W W | CONSTRUCTION DETAILS
0 0 8" Flushmount
B mky Concrete surface pad
B 2" locking well cap
~ 2 —2 o ] 8" dia. HSA borehole
- JOS% I IS8, (0'-46")
B #0 sand (1.0-2.8)
~ 4 — 4 Bentonite chip
- annular seal
B (2.8-5.0'
B 2" dia. sch. 40 PVC
- 6 — 6 riser (0'-45")
-8 — 8 #0 sand (5.0-11.0")
— 10 - - s 10
SAND: Brown, fine to medium SAND, Tetelel
trace Silt. Moist. BSOSl
20 |1 e
- 12 12 Bentonite chip
- annular seal
| (11.0-13.0)
— 14 — 14
~ 16 — 16 #0 sand (13.0'-20.0")
— 18 — 18
— 20 — 20




GROUNDWATER SCIENCES CORPORATION

GEOLOGIC LOG: EN-401W

PROJECT:  Soil Profile Borings Page 2 of 2
T — > Q T WELL
EL BLOW 1 2E| B . & I WELL CONSTRUCTION
4 | counts s g z SOIL DESCRIPTION § |8 = | CONSTRUCTION DETAILS
Bentonite chip
r I annular seal
L 22 (20.0-22.8")
SANDY GRAVEL.: Brown, fine to coarse
i SR-R GRAVEL, some fine to coarse
L Sand, trace Silt. Moist. .
22 8" dia. HSA borehole
r (0-46")
— 24
r SAND: Dark yellowish brown, fine to . ,
16 ) R
L medium SAND, trace fine SR-R Gravel, #0 sand (22.8-29.0)
trace Silt. Moist.
— 26
i 2" dia. sch. 40 PVC
— 28 riser (0'-45)
— 30 — 30 Bentonite chip
- o annular seal
| R (29.0'-32.0")
— 32 — 32
_ I ()
— 34 — 34 1 P Collapsed formation
. - (| 1\ (32.0-37.5)
— 36 — 36 XC XC
— 38 — 38
— 40 — 40 Bentonite chip
- o annular seal
L L (37.5'-44.5")
— 42 — 42
44 — 44 #00N sand pack
L | (44.5'-46.0")
L - 2" dia. 20-slot sch. 40
PVC screen
L - (45.0'-46.0')
L 46 46




GEOLOGIC LOG: EN-401 SV

I
=== GROUNDWATER SCIENCES CORPORATION page 1of 2
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: Soil Profile Borings DRILLING CO.: Parratt Wolff
SITE LOCATION: Endicott, NY DRILLER: Glenn Lansing
RIG TYPE: Mobil Drill
JOB NO.: 02007.33.0305 DRILLING METHOD:  3.25" OD Direct-push
LOGGED BY: RSU DEVELOPMENT DATE: Performance testing on 5/20/10 by SHA
DATES DRILLED: 5/18/10 LOCATION: Roosevelt Ave, south of EN-401
NOTES: ELEVATION 852.3
EASTING 967270.3
NORTHING 765149.4
T | < = 3 WELL
E BLOW o g 3 g I Em WELL CONSTRUCTION
4 & | COUNTS gl B z SOIL DESCRIPTION § | @i | CONSTRUCTION DETAILS

]
o

8" Flushmount
Concrete surface pad

s 1/4" dia. Stainless
B [ steel tubing with
- 2 . A Swagelok

[l compression-type
B Rl fittings (0'-33.5)

#0 sand (L.0-3.0Y)

— 4 4 Bentonite chip
annular seal
B (3.0-5.0)

= 3.25" OD direct-push
— 6 — 6 I boring (0'-34.0")

#0 sand (5.0-10.0')

— 8 — 8

~ 10 — 10 a

— 12 — 12
B Bentonite grout
r annular seal

— 14 14 (10.0'-25.0")

- 16 L 16

- 18 L 18

— 20 — 20




GROUNDWATER SCIENCES CORPORATION

GEOLOGIC LOG: EN-401SVI

PROJECT:  Soil Profile Borings Page 2 of 2
_ . o | WELL
E b BLow | 0| 2 o I |Eh WELL CONSTRUCTION
g R b SOIL DESCRIPTION g |w i CONSTRUCTION
au COUNTS ~ @ o g |0 DETAILS
i B Bentonite grout
r - annular seal
L 99 L 99 (10.0-25.0)
i B 3.25" OD direct-push
i - boring (0'-34.0")
— 24 — 24
_ B 1/4" dia. Stainless
r - steel tubing with
L L Swegelok
compression-type
— 26 — 26 fittings (0'-33.5")
I i #0 sand (25.0-30.0)
— 28 — 28
- 30 — 30 Powdered bentonite
r - annular seal
L N (30.0-33.0)
— 32 — 32 —H Glass beads
L B e (33.0-34.0)
L - 1 Steel soil vapor
implant screen
I B (33.5-34.0)
— 34 34




— GEOLOGIC LOG: EN-438V
=== GROUNDWATER SCIENCES CORPORATION Page L of 2
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: Soil Profile Borings DRILLING CO.: Parratt Wolff
SITE LOCATION: Endicott, NY DRILLER: Glenn Lansing
RIG TYPE: Mobil Drill
JOB NO.: 02007.33.0305 DRILLING METHOD: 6 /4" 1D Hollow Stem Auger
LOGGED BY: RSU DEVELOPMENT DATE: No well installed
DATES DRILLED: 5/11/10 LOCATION: M&T Bank Parking Lot, 40" south of EN-438
NOTES: Continuous sampling advanced in 2' increments ELEVATION 847.2 ft. amsl
using 4" OD split spoon samplers. EASTING 965642.4
NORTHING 766689.7
T . . ** o T WELL
Bl BV lagl 3 g | EhL WELL CONSTRUCTION
au COUNTS | & & g s SOIL DESCRIPTION = W CONSTRUCTION DETAILS
(O]
— 0 B 0
ASPHALT ———— ] Asphalt patch (0-3")
GRAVELLY SAND: Brown, fine to Concrete (3"-1)
16 1 coarse SAND, some fine to coarse
Gravel, little Silt. Moist.
- 2 SILTY SAND: Yellowish brown, fine to
medium SAND, some Silt. Moist.
12 2
SAND: Dark brown, fine to coarse
SAND, little Silt, little fine to coarse
SR-R Gravel. Moist. i
22 3 - - 10" dia. HSA
SANDY GRAVEL: Grayish brown, fine borehole (0'-40")
to coarse SR-R GRAVEL, some fine to
— 6 coarse Sand, trace Silt. Moist.
SAND: Brown, fine to medium SAND, ¢
4 little fine to coarse SR-R Gravel, little o
22 Silt. Moist. )
8 SANDY GRAVEL: Grayish brown, fine o35
B to coarse GRAVEL, some fine to coarse A
Sand, trace Silt. Moist. Gt
] GRAVEL AND SAND: Grayish brown,  [225)
24 fine to coarse SR-R GRAVEL, some fine [0y
to coarse Sand, trace Silt. Moist. Little %¢_<-
- Silt from 8.0' to 8.3". =
10 - o= 10 Portland cement grout
GRAVEL AND SAND: Brown, fine to < (1'-18")
medium SAND and fine SR-R Gravel, 2o
16 6 little Silt. Moist. Gravel becomes less Jelelel
abundant with depth. elelelel
— 12 SAND: Grayish brown, fine to medium :::::::— 12
SAND, little Silt, trace fine SR-R Gravel. IO B
Moist. eletels
24 |7 XN
— 14 e 14
21 |8 e
- 16 _ : : el 16
SAND: Grayish brown, fine to medium Teleler
SAND, little fine SR-R Gravel, trace Silt. BSOSO
” 0 Moist. Fine Sand seam from 18.5'-18.7". OB
~ 18 ol 18
- {._‘).’,.,’ B Bentonite chip
2 10 GRAVELLY SAND: Grayish brown, O— annular seal (18'-40")
fine to medium SAND, some fine to O
coarse SR-R Gravel, trace Silt. Moist. .;.;.’C)'
— 20 Ot 20




GROUNDWATER SCIENCES CORPORATION

GEOLOGIC LOG: EN-438V

PROJECT:  Soil Profile Borings Page 2 of 2
T — S Q I WELL
EL BLOW 1 2E| B . £ & WELL CONSTRUCTION
w COUNTS s D ; SOIL DESCRIPTION % o CONSTRUCTION DETAILS
' 24 1 SAND AND SILT: Brown, fine SAND -
- and Silt. Moist. —
— 22 SAND: Brown, fine to medium SAND, sreee— 22
i little Silt. Moist. el
I o1 |12 XN
- 24 a2
I SANDY GRAVEL: Light brown, fine to p
i 22 13 coarse SR-R GRAVEL, some fine to 10" dia. HSA
L coarse Sand, trace Silt. Moist. borehole (0'-40")
— 26 SILTY SAND: Brown, fine SAND, some
| Silt, trace fine Gravel. Moist.
SANDY GRAVEL: Brown, fine to coarse
i 20 14 SR-R GRAVEL, some fine to coarse
- Sand, trace Silt. Moist to 26.3". Wet
o8 below 26.3".
| GRAVEL AND SAND: Brown, fine to
coarse SR-R GRAVEL and fine to
L 15 15 coarse Sand, trace Silt. Wet. Bentonite chip
r GRAVEL: Brown, fine to coarse SR-R annular seal (18'-40")
L 30 GRAVEL, some fine to coarse Sand, e
trace Silt. Wet. Broken cobble at base. eletels
_ SILTY SAND: Brown, fine SAND, some  |[*zsso¢]
- 2 16 Silt. Wet. 1/2" seam of fine to coarse POOTN o
L Sand, little Silt at 29.1'". elelele
L 30 SAND: Brown, fine to medium SAND, sreeel 3
trace Silt, trace fine Gravel. Wet.
I SAND: Brown, fine SAND, little Silt,
r 21 17 trace fine Gravel. Wet.
i SILTY SAND: Brown, fine SAND, some [[ T
L 34 Silt. Wet. Silt increases with depth. 1" — —1— 34
seam of Sand and Gravel at base. | — ]
SILT: Olive, Clayey SILT. Wet. 1
i 24 18 Infrequent, light reddish brown, Silty . — T
L Clay laminations. —
L 36 SILT: Gray, Clayey SILT. Wet. Pink —1 36
Silty Clay laminations, some up to 0.8" —
i thick. Silt is varved with thin black —
L laminations from 38.0" - 40.0'. — 1
22 19 ]
— 38 I —38
L 8 2 L — 1
— 40 40




GEOLOGIC LOG: EN-438W

—
=== GROUNDWATER SCIENCES CORPORATION page L of 2
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: Soil Profile Borings DRILLING CO.: Parratt Wolff
SITE LOCATION: Endicott, NY DRILLER: Glenn Lansing
RIG TYPE: Mobil Drill
JOB NO.: 02007.33.0305 DRILLING METHOD: 4 1/4" 1D Hollow Stem Auger
LOGGED BY: RSU DEVELOPMENT DATE: 6/2/10
DATES DRILLED: 5/18/10 LOCATION: M&T Bank Parking Lot, 40" south of EN-438
NOTES: TOC = 846.87 ft. amsl ELEVATION 847.2 ft. amsl
Continuous sampling advanced in 2' increments EASTING 965644.9
using 3" OD split spoon samplers. NORTHING 766689.0
I . £ 8]
| BOW 1o gl 3 g IlEnD WELL CONSTRUCTION
G | COUNTS | > E| & Fe SOIL DESCRIPTION % i I | CONSTRUCTION DETAILS
— 0 0 8" Flushmount
B mky Concrete surface pad
B 2" locking well cap
-2 2 8" dia. HSA borehole
- (0-44)
B #0 sand (1'-3.5")
~ 4 — 4 Bentonite chip
r annular seal
L (3.5-5.8)
B 2" dia. sch. 40 PVC
- 6 — 6 riser (0'-43")
— 8 — 8
B #0 sand (5.8-11.9")
— 10 — 10
— 12 — 12
B Bentonite chip
r annular seal
B (11.9-14.0")
— 14 — 14
~ 16 — 16 #0 sand (14.0'-19.5")
— 18 — 18
— 20 — 20




DEPTH
FEET

GROUNDWATER SCIENCES CORPORATION GEOLOGIC LOG: EN-438W
PROJECT:  Soil Profile Borings Page 2 of 2
; o | WELL
BLOW [0 E | 3 o I |k WELL CONSTRUCTION
counts | “E| B % SOIL DESCRIPTION % W i | CONSTRUCTION DETAILS
Bentonite chip
I annular seal
L 22 (19.5-22.0)
B 8" dia. HSA borehole
- (044"
— 24
B #0 sand (22.0'-27.0")
— 26
— 28 Bentonite chip
o annular seal
R (27.0'-29.6')
— 30 2" dia. sch. 40 PVC
- riser (0'-43)
— 32 #0 sand (29.6-35.0)
— 34
— 36
— 38 Bentonite chip
o annular seal
R (35.0'-42.5")
— 40
— 42
B #O0ON sand pack
= (42.5-44.0)
- 2" dia. 20-slot sch. 40
PVC screen (-43'-44")

44



— GEOLOGIC LOG: EN-094Y
=== GROUNDWATER SCIENCES CORPORATION page L of 2
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: Soil Profile Borings DRILLING CO.: Cascade Drilling
SITE LOCATION: Endicott, NY DRILLER: Joe Mesuda
RIG TYPE: Geoprobe 3230DT
JOBNO.: 02007.46.1602 DRILLING METHOD:  Direct push
LOGGED BY: R. Ulrich DEVELOPMENT DATE: No well installed

DATES DRILLED: 1/11/17 LOCATION: Jefferson Ave., 17' south of EN-094
NOTES: Continuous sampling advanced in 5' increments SURFACE ELEVATION TBD
using 3" ID Macro-Core MC7 Soil Sampler. EASTING TBD
NORTHING TBD
T > o T
Eg| BLOW | o £/ 0% | Eg WELL WELL
W €| counts| = & Qg | RUN SOIL DESCRIPTION < & € | CONSTRUCTION CONSTRUCTION
[a) = )
= o DETAILS
0 0 Topsoil (0-3"
Boring was vacuum excavated to 8' for utility opsoil (0-3)
i clearance. Soil was continuously logged and B " qr
L sampled below 10'. For descriptions of the upper - #1 Sand (3"-1)
10" of soil see the log for nearby boring EN-094X.
2 2 Bentonite chip annular
r - seal (1'-3")
—4 —4 #1 Sand (3-5)
i N/S B
—6 6 Bentonite chip annular
r - seal (5'-7")
~8 8 3 1/2" dia. Direct push
r - core hole (0'-45")
—10 #1 Sand (7'-12'
SAND: Brown, fine to medium SAND, little fine and (7-12')
I to coarse Gravel, trace Silt. Moist.
—12
i 46"60"| 1
I SAND: Brown, fine to medium SAND, trace fine Bentonite chip annular
L to coarse Gravel, trace Silt. Moist. seal (12-14))
—14
i SAND & GRAVEL.: Pale brown, fine to medium
r SAND and fine to coarse Gravel, trace Silt.
| Moist. Gravel is subrounded to rounded. Sand
and Silt content decreases slightly with depth.
~16 #1 Sand (14'-19)
i SAND: Brown, fine to medium SAND, little fine
L to coarse Gravel, trace Silt. Moist.
i 54"/60"| 2
—18
L SAND: Brown, fine to medium SAND, trace fine i .
Gravel, trace Silt. Moist. Bentonite chip annular
r seal (19'-21")
—20 GRAVELLY SAND: Brown, fine to coarse




GROUNDWATER SCIENCES CORPORATION

PROJECT:

Soil Profile Borings

GEOLOGIC LOG: EN-094Y
Page 2 of 2

DEPTH

FEET

BLOW
COUNTS

PID
(ppm)

RECOV.

SAMP.

SOIL DESCRIPTION

GRAPHIC

DEPTH
FEET

WELL
CONSTRUCTION

WELL
CONSTRUCTION
DETAILS

53"/60"

SAND, some fine to coarse Gravel, trace Silt.
Moist.

SAND & GRAVEL: Brown, fine to coarse
SAND and fine to coarse Gravel, trace Silt.
Moist.

SANDY GRAVEL: Brown, fine to coarse
GRAVEL, some fine to coarse Sand, trace Silt.
Moist.

53"/60"

SAND: Light yellowish brown, fine to medium
Sand, little Silt, little fine to coarse Gravel.
Moist.

SANDY GRAVEL: Pale brown, fine to coarse
GRAVEL, some fine to coarse Sand, trace Silt.
Moist to 26.3". Wet below. Gravel is subrounded
to rounded of sedimentary and igneous
lithologies.

GRAVELLY SAND: Brown, fine to medium
SAND, some fine to coarse Gravel, trace Silt.
Wet.

44"/60"

SAND & SILT: Light yellowish brown, fine
SAND and Silt. Wet.

SAND: Yellowish brown, fine SAND, little Silt.
Wet.

SAND & SILT: Pale brown, fine SAND and Silt.
Wet.

SAND: Brown, fine SAND, little Silt. Wet

SAND: Brown, fine SAND, little fine Gravel,
trace Silt. Wet.

43"/60"

SAND: Brown, fine to medium SAND, trace Silt,
trace fine Gravel. Wet

GRAVEL: Brown, fine to coarse GRAVEL, some
fine to coarse Sand, trace Silt. Wet. Gravel is
subrounded to rounded. Fining upward sequence
of rounded coarse Gravel to coarse Sand 37.1'-
37.4'. Seams of fine Sand 37.4'-37.5' and 37.6"-
37.7.

54"/60"

SAND: Brown, fine to medium SAND, trace fine
to coarse Gravel, trace Silt. Wet. Sand is
predominantly fine.

SAND & GRAVEL: Brown, fine to coarse
GRAVEL, and fine to coarse Sand, trace Silt.
Wet.

S

VHA
pa AI

SILT: Light olive brown, SILT. Wet.

SILT: Olive, Clayey SILT. Wet. Pale red Clay
seams 3/8" to 1/2" thick at 43.8', 44.0', and 44.1".

—44

-

0000000000000 0T0c0cOc0s000c0T0c0TOc0T0T 0T OTOTOT:

#1 Sand (21'-26")

Formation collapse
(26'-45")

3 1/2" dia. Direct push
core hole (0'-45")




— GEOLOGIC LOG: EN-215Y
=== GROUNDWATER SCIENCES CORPORATION page L of 2
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: Soil Profile Borings DRILLING CO.: Cascade Drilling
SITE LOCATION: Endicott, NY DRILLER: Joe Mesuda
RIG TYPE: Geoprobe 3230DT
JOBNO.: 02007.46.1602 DRILLING METHOD:  Direct push
LOGGED BY: R. Ulrich DEVELOPMENT DATE: No well installed

DATES DRILLED: 1/10/17 LOCATION: Corner of Grant & Monroe, 13" south of EN-215
NOTES: Continuous sampling advanced in 5' increments SURFACE ELEVATION  847.9 ft. amsl
using 3" ID Macro-Core MC7 Soil Sampler. EASTING 966091.0
NORTHING 766442.1
Fo| BLOW | o 2| 3% 2 | E_ WELL WELL
W €| counts| = & Q& | RUN SOIL DESCRIPTION < | 58| consTRUCTION CONSTRUCTION
e xS o | O DETAILS
0 0 Topsoil (0-3"
Boring was vacuum excavated to 8' for utility opsoil (0-3)
i clearance. Soil was continuously logged and B " qr
L sampled below 10'. For descriptions of the upper - #1 Sand (3"-1)
10" of soil see the log for nearby boring EN-215V.
L2 —2
i B Bentonite chip annular
r - seal (1'-5")
L4 —4
i N/S B
~6 6 3 1/2" dia. Direct push
r - core hole (0'-45")
~8 8 #1 Sand (5-107)
— 10 10
SAND: Brown, fine to medium SAND, little Silt,
i little fine Gravel. Moist.
i Bentonite chip annular
- SANDY SILT: Pale brown, SILT, some fine . seal (10-12")
Sand, trace fine Gravel. Moist. :
=12 —12
L . SAND: Grayish brown, fine to coarse SAND, N
42"/60 1 trace fine Gravel, trace Silt. Moist.
-14 S #1 Sand (12-17")
i SILTY SAND: Light yellowish brown, fine
L SAND, some Silt, trace fine Gravel. Moist.
—16 SAND: Yellowish brown, fine to medium SAND, 116
trace Silt. Moist.
I SAND: Yellowish brown, fine SAND, little Silt.
B 49"/60" 2 Moist.
—18 - ! ) —18 . .
SAND: Yellowish brown, fine to medium SAND, Bentonite chip annular
- trace Silt. Moist. seal (17'-19")
o GRAVEL: Brown, fine to coarse GRAVEL, little
fine to coarse Sand, little Silt. Moist. Poorly
i sorted. Gravel is subangular to subrounded and #1 Sand (19'-24.5"
=20 i of various lithologies including sandstone,




GROUNDWATER SCIENCES CORPORATION

GEOLOGIC LOG: EN-215Y

PROJECT:  Soil Profile Borings Page 2 of 2
R . ) o T WELL
E BLOW oE| 3 g I |Em WELL CONSTRUCTION
& zg| g 2 SOIL DESCRIPTION g |m oo
& & | COUNTS S| B S & |& & | CONSTRUCTION DETAILS
I \siltstone, and granite. B :
r SANDY GRAVEL: Brown, fine to coarse O
L GRAVEL, some fine to coarse Sand, little Silt. 0
Moist. Poorly sorted. Gravel is subrounded and K
—22 composed of lithologies above. 93 \ ;
| > #1 Sand (19'-24.5")
46"/60" 3 [0
I %
- o
K.
—24 o
- 2 1%
_ o S
SANDY GRAVEL: As above, except wet below O [
- 26.0' 2 %
- 26 g o
% C
I o o
L O o O
% o
I 29760"| 4 [ >
L o8 O 93
L (} S
% o
I o s
i g o
o s
—30 % 2 % 31/2" dia. Direct push
- K core hole (0'-45)
o o
i SAND & SILT: Brown, fine Sand and Silt. Wet. : 0
- 32 %
I 47160"| 5 Q
i SAND: Brown, fine Sand, little Silt. Wet. g
I %
—34 C
. o
SILTY SAND: Brown, fine Sand, some Silt. O
r Wet. g
I o
— 36 K>
I %
15
' o
r 44"/60" 6 SAND: Brown, fine to coarse SAND, little fine to O
|38 coarse Gravel, little Silt. Wet g
r GRAVELLY SAND: Light yellowish brown, fine O
| to coarse SAND, some fine Gravel, little Silt. K>
Wet. Poorly Sorted. [
I ! - K>
GRAVEL: Brown, fine to coarse GRAVEL, little o
— 40 fine to coarse Sand, trace Silt. Wet. Gravel is O Formation collapse
L subrounded to rounded. O (24.5-45")
- 15
_ 0
15
- 42 o
L - K>
48"/60" 7 SILT & CLAY: Yellowish brown, SILT & ——— o
L CLAY. Wet. Pink clay lamination at 44.4' ---1 O
== o
m44 = o
I == o




— GEOLOGIC LOG: EN-401Y
=== GROUNDWATER SCIENCES CORPORATION page Lof 2
PROJECT INFORMATION DRILLING INFORMATION
PROJECT: Soil Profile Borings DRILLING CO.: Cascade Drilling
SITE LOCATION: Endicott, NY DRILLER: Joe Mesuda
RIG TYPE: Geoprobe 3230DT
JOBNO.: 02007.46.1602 DRILLING METHOD:  Direct push
LOGGED BY: R. Ulrich DEVELOPMENT DATE: No well installed

DATES DRILLED: 1/12/17 LOCATION: Roosevelt Ave., 9' north of EN-401
NOTES: Continuous sampling advanced in 5' increments SURFACE ELEVATION  852.2 ft. amsl
using 3" ID Macro-Core MC7 Soil Sampler. EASTING 967261.3
Sampler advanced through 4 1/4 1D augers below 35'. NORTH