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1 INTRODUCTION

This report has been prepared by Groundwater Sciences Corporation (GSC) and Groundwater
Sciences, P.C. (GSPC) for International Business Machines Corporation (IBM). This report is
intended to comply with Section XII and Appendix D of Order on Consent Index #A7-0502-0104
(Order) between IBM and the New York State Department of Environmental Conservation
(NYSDEC) for the former IBM Endicott facility and associated former or existing groundwater
plumes (Site #704014, hereinafter referred to as the “Site”) located in the Village of Endicott, New
York. This report combines the Annual Groundwater Monitoring Status Report (Annual Report)
for 2018 and the 15™ Update to the Groundwater Remediation Systems Operations, Maintenance
and Monitoring Plan (OM&M Plan). As such, this report is referred to as the Combined
Groundwater Report for 2018.

1.1  Purpose and Scope

The purpose of the Combined Groundwater Report for 2018 is fivefold:

1. To describe the Remedial Action Plan in place at the Site for 2018, including groundwater

extraction wells and treatment systems.

2. To describe the operation, maintenance, and monitoring of the groundwater extraction wells
and treatment systems in 2018. The requirement for a comprehensive operations,
maintenance and monitoring plan (COM&M Plan) is described in Appendix D, Activity C
of the Order.

3. To describe the upgrades, repairs, and replacements of components of the groundwater

extraction wells and treatment systems that occurred in 2018.

4. To describe the Groundwater Monitoring Program and to present the Groundwater
Monitoring Plan (GMP) for 2018. The primary elements of the Groundwater Monitoring
Program are the periodic measurement of groundwater elevations in several hundred
hydraulic effectiveness (HE) monitoring wells and the sampling of groundwater from a
subset of these HE wells, referred to as remedial action effectiveness (RAE) monitoring

wells. The lists of HE and RAE monitoring wells in the GMP and the frequency of
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monitoring for these wells are updated annually so as to be consistent with the evaluation

described in Item 5 below and with the anticipated monitoring needs for the next 12 months.

5. To evaluate the effectiveness of remedial action and the progress of remediation based on
data collected in 2018, thereby satisfying the annual reporting requirement for the Site. The
contents of the annual evaluation are specified in Section 4.3.2 of the OM&M Plan, Fifth
Update (May 2009) and include a summary of analytical chemistry results for the previous
year, supporting QA/QC documentation, comprehensive groundwater elevation data,
pumping rates and volumes, contaminant recovery calculations, treatment efficiency data,

isoconcentration contour maps, and other hydrogeological maps as needed.

1.2 Site Location and Description

The former IBM Endicott facility is a 135-acre industrial facility situated in the Susquehanna River
valley in the Village of Endicott, Broome County, New York. Figure 1-1 shows the approximate
location of the former IBM Endicott facility. The Site, as defined in the Order and referenced in
this report, includes the former IBM Endicott facility (“On-Site”) owned by Huron, LLC and certain
“Off-Site” former or existing groundwater plume areas. In accordance with the Order, IBM is
performing or has completed Supplemental Remedial Investigations (SRIs), Interim Remedial
Measures (IRMs), and/or Focused Feasibility Studies (FFSs) in seven separate operable units
(OUs), one Miscellaneous Activity (MA) area, and the “Remainder of Site” consisting of areas of
the former IBM Endicott facility that are outside of a designated OU area. Portions of the Site
comprising the former IBM Endicott facility are shaded on Figure 1-2. The approximate locations

of the seven OUs and one MA area are also shown on Figure 1-2 and are listed below:

OU#1: Railroad Corridor Source Area (RCSA)
OU#2: North Street Area

OU#3: Plume Reduction in the Southern Area
OU#4: Ideal Cleaners Area

OU#5: Building 57 Area

OU#6: Plume Control in Bedrock Groundwater
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OU#7: Assessment of Sewers in Northwestern Area of the Site

MA-A: Plume Reduction in Off-Site Capture Zone A (OSCZ-A)

OU#1 and OU#2 consist of the central portion of the manufacturing area of the Site, separated by
Norfolk Southern railroad tracks. OU#3 and MA-A consist of the “Off-Site” former or existing
volatile organic compound (VOC) groundwater plume areas originating in OUs #1 and #2. OU#4
encompasses a former VOC source area and groundwater plume associated with the former Ideal
Cleaners facility south of North Street. The former groundwater plume in OU#4 is located in the
eastern portion of an area referred to as “Off-Site” Capture Zone B. OU#5 consists of the eastern
portion of the manufacturing area of the Site, and associated discrete VOC groundwater plumes.
OU#6 consists of the area of VOC-containing groundwater in bedrock, located primarily beneath
portions of OU#2. OU#7 consists of the western portion of the manufacturing area of the Site, and

associated discrete VOC groundwater plumes.

The approximate limits of the former or existing plume areas associated with “Off-Site” Capture
Zone A (MA-A), “Off-Site” Capture Zone B (OU#4), and OU#3 that are shown on Figure 1-2
originally were coincident with various hydraulic capture zones described in the Supplemental
Groundwater Assessment Final Report (SGA Final Report, December 31, 2003, revised and
updated May 17, 2004). As extraction well operations have changed, the boundaries of these
capture zones have also changed. However, the terminology for these areas originally established

in the SGA Final Report and carried over into the Order has been maintained where practical.

This Combined Groundwater Report presents data generated from January 1, 2018 to December 31,
2018.

1.3 2018 Highlights

The following subsections summarize the remedial activities and results from the operation,
maintenance and monitoring of groundwater remediation systems at the Site in 2018. The

highlights of operation and monitoring for 2018 are listed below.

e Five extraction wells in the “On-Site” Capture Zone continued to control flux from sources

in the Railroad Corridor Source Area (RCSA, Operable Unit #1 (OU#1)) and collectively

Combined Groundwater Report for 2018, Endicott, New York April 8, 2019

GROUNDWATER SCIENCES, P.C.
GROUNDWATER SCIENCES CORPORATION



removed about 2,159 pounds of VOCs from the groundwater in OU#1. This represents
nearly 97% of the total VOC mass removed by all extraction wells at the Site in 2018.

e As many as 17 groundwater extraction wells operating at the Site in 2018 removed 2,232
pounds of VOCs, bringing the total estimated mass of VOCs extracted since 1979 to
approximately 835,000 pounds.

e Four hundred twenty-four (424) monitoring and extraction wells were used for collecting

groundwater samples and/or measuring groundwater elevations in 2018.

e The operation of as many as nine and as few as four extraction wells in Operable Unit #2
(OU#2), “Oft-Site” Capture Zone A (OSCZ-A), and the Southern Area (OU#3) during 2018

generated the following positive results:

0 The chemical flux crossing North Street (OU#2) was intercepted before reaching
OSCZ-A.

0 The dissolved trichloroethene (TCE) mass totals for the plumes in OSCZ-A and
OU#3 calculated for June 2004 and August 2018 indicate a 98% reduction of TCE
mass dissolved in groundwater from 89.5 pounds to 1.4 pounds. Furthermore, the

average TCE concentration in the plume decreased from 79.5 micrograms per liter

(ng/L) in 2004 to 1.6 pg/L in 2018, a reduction of 98%.

0 The lateral extent of the plumes in OSCZ-A and OU#3 has also been significantly
reduced, as shown on chemical concentration maps for the principal plume
constituents. For example, from 2004 to 2018, the area of the plume where TCE
concentrations are greater than 5 pg/L has been reduced by more than 90 percent.
Other constituents of the plumes, including 1,1,1-trichloroethane (111-TCA), cis-1,2-
dichloroethene (c12-DCE), and tetrachloroethene (PCE), have been substantially
removed in OSCZ-A and OU#3.

e Monitoring of the OU#4: Ideal Cleaners Area ethene-series (PCE, TCE, c12-DCE, and vinyl

chloride) groundwater plume in 2018 continues to indicate a decreasing trend in
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concentrations of ethene-series constituents since completion of the 2010 source area
removal at the former Ideal Cleaners property. The PCE and TCE portions of the
groundwater plume have been removed by natural attenuation processes. Groundwater
monitoring data from August 2018 indicated that one area of vinyl chloride and smaller
areas of c12-DCE were the only PCE degradation products remaining in groundwater at

concentrations greater than 6NYCRR Part 703 standards.

e Concentrations of VOCs remaining in groundwater beneath OU#5 are stable or declining
since the 2013 implementation of in-situ thermal treatment of apparent VOC source areas.
Operation of groundwater extraction well EN-709 continues to maintain control of the
remaining dissolved plume of VOCs in the former Huron Lot #26 parking lot, south of
Building 57. The VOC mass removed by well EN-709 in 2018 was 12 pounds, bringing the
total VOC mass removed by EN-709 to 72 pounds since mid-2013.

e The VOC mass extracted from the bedrock aquifer by extraction well EN-D49 in 2018 (23.5
pounds) was within the range of VOC mass extracted annually (22 to 29 pounds) from 2009
to 2017. Extraction well EN-D49 maintains control of a dissolved plume of VOCs in

bedrock groundwater.

e Monitoring within OU#7 in 2018 did not indicate a meaningful change in VOC

concentrations in groundwater that could be attributed to former IBM source areas.

1.3.1 Site Characterization

From early 1979 through the end of 2018, 608 wells were installed as part of the corrective action
program or ongoing investigations at this Site. The total consists of 284 wells (monitoring,
extraction and injection) installed north of North Street on the manufacturing portion of the former
IBM facility at the Site, and 324 other wells (monitoring, extraction, and injection) installed south
of North Street off the manufacturing portion of the former IBM facility at the Site. 150 of these
wells have since been decommissioned. Plate 1-1 shows the locations of monitoring and extraction
wells that were in place through the end of 2018. These wells are also coded on this map according

to the geologic unit in which they are screened or completed. Water levels and groundwater
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samples collected from these wells have been used to characterize the directions of groundwater

flow and contaminant transport beneath the Site.

1.3.2  Groundwater Extraction and Treatment Systems

During 2018 hydraulic containment and groundwater recovery operations consisted of 17 extraction
wells. As of December 31, 2018, 11 extraction wells remained active'. The locations of these
extraction wells are shown on Figure 1-3. Average well yields in 2018 ranged from less than 0.5
gallons per minute (gpm) to 130 gpm. The combined average monthly extraction rate for 2018 was
319 gpm. The maximum monthly extraction rate was 448 gpm in January, when 17 extraction
wells were active. The minimum monthly extraction rate was 243 gpm in July, following the

shutdown of six extraction wells in the preceding months.

Groundwater pumped from all but one of the active extraction wells in 2018 was treated at one of
four stand-alone groundwater treatment facilities (GTFs) operated by IBM on Jefferson Avenue,
Garfield Avenue, Adams Avenue, and Clark Street. Groundwater pumped from extraction well
EN-107R in the Railroad Corridor Source Area was treated at the Huron Organic Treatment Facility
(Huron OTF) until the well was shut down in May 2018. All five treatment facilities are shown on

Figure 1-3.

1.3.3  Groundwater Monitoring

Sampling in 2018 was performed in accordance with a Groundwater Monitoring Plan (GMP)
submitted on December 8, 2017 and approved by NYSDEC on April 27, 2018. A total of 404
hydraulic effectiveness monitoring wells were included in the groundwater monitoring program for
2018. Groundwater samples for remedial action effectiveness were collected from 337 wells,
including active extraction wells. The analytical results for groundwater samples collected during

the 2018 calendar year are included in this Combined Groundwater Report for 2018.

" EN-451P was shut down on J anuary 4, EN-91T was shut down on January 29, EN-194 was shut down on March 12,
EN-107R and EN-133 were shut down on May 29, and EN-215T was shut down on June 27.

Combined Groundwater Report for 2018, Endicott, New York April 8, 2019

GROUNDWATER SCIENCES, P.C.
GROUNDWATER SCIENCES CORPORATION



1.4 Organization of Report

The remainder of this report is organized as follows. Section 2 presents important background
information, including the Site’s remediation goals, physical setting and hydrogeology, and
descriptions of the remedial systems in place. Section 3 describes the work performed in 2018,
including the maintenance and operation of groundwater extraction wells and treatment systems;
decommissioning of several extraction wells; maintenance of monitoring wells; measurement of
groundwater elevations; and groundwater sampling. The hydrogeological and hydrogeochemical
results for 2018 are analyzed in Sections 4 and 5 with emphasis on patterns of groundwater flow
and capture, and the distribution of chemicals of concern. Section 6 discusses the progress of
remediation at each of the Site’s operable units and the VOC mass removed by pumping Site-wide.

A list of references is presented in Section 7.
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2 BACKGROUND

The corrective action history of the Site began with the discovery of groundwater contamination in
1979. IBM subsequently began a Corrective Measures Program to evaluate groundwater quality
and remediate groundwater contamination beneath the manufacturing portion of the Site, north of
North Street. In early 1980, IBM began to control and remove sources of contamination beneath
the manufacturing portion of the Site by using vertical extraction wells to remove both groundwater
and separate-phase VOCs. Since 1980, 37 extraction well points (not including replacement or

supplemental wells at the same location) have been used at various places and times for this

purpose.

2.1 Site Remediation Objectives

VOCs have been detected in groundwater in two geologic units beneath the Site: the bedrock and
the glacial outwash, which contains the Upper Aquifer. The VOC plume in the bedrock is
contained by the operation of a single extraction well and the remedial objective is to maintain that
containment. The remedial measures program for the Upper Aquifer has two principal objectives.
The first objective is to attain groundwater standards to the extent practicable. The second objective
is to shrink the groundwater plumes containing VOCs, in particular trichloroethene (TCE), to
mitigate potential concentrations of TCE in soil vapor. Simply stated, this second objective is as

follows:

Reduce concentrations of VOCs in groundwater south of North Street, and to the extent
practicable, to below New York State 6NYCRR Part 703 groundwater standards in order to
reduce potential soil vapor impacts. This second objective has been accomplished by the

following actions:

1. Control of the sources of VOCs in groundwater north of North Street.
2. Control and treatment of the VOC-containing groundwater flux crossing North Street.
3. In conjunction with actions 1 and 2, acceleration of the rate of reduction of the plume

areas south of North Street.
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The larger objective of these actions was to reduce the mass of TCE in groundwater within the
plumes being remediated by IBM south of North Street by 50% in five years and by 80% in ten
years, using the first year of enhanced off-site plume reduction activities (2004) as the base year for
comparison. The ten-year TCE mass reduction goal was achieved in 2012, after eight years of
enhanced remediation, and it has been maintained throughout the time period between 2012 and

2018.

2.2 Physical Setting

The Site is underlain by a sequence of unconsolidated glacial and post-glacial sediments overlying a
buried bedrock valley. Three of the units in this sequence (Upper Aquifer, Lower Aquifer, and

Bedrock Aquifer) are water-bearing and one unit (Lacustrine Silt) is an effective aquitard.

2.2.1  Upper Aquifer

The Upper Aquifer is defined by the vertical difference between two surfaces: (1) the surface
defining the top of the lacustrine silt (see below), and (2) the surface defining the top of the
saturated zone (i.e., the water table) in an extensive coarse-grained unit consisting of glacial
outwash. The outwash consists mostly of sand and gravel with some minor silt layers deposited as
interbedded deltaic foreset beds in a former post-glacial meltwater lake and in post-lacustrine
braided stream deposits. This outwash unit is typically 25 to 30 feet thick but is thicker where it has
filled in several ice block depressions (following melting of the ice), and where the sediment has
been downwarped by differential compaction or collapse that occurred as the ice blocks melted after
they had been buried under the deposited sediments. The Upper Aquifer is an unconfined, water

table aquifer.

2.2.2 Lacustrine Silt

The Lacustrine Silt unit consists of fine-grained lake-bottom deposits, typically varved silt with
pink clay seams, but locally grading to silty very fine sand. The top of this unit generally defines
the bottom of the Upper Aquifer and is nearly continuous throughout the valley with the exception
of discrete areas where the presence of ice blocks prevented its deposition onto ice-contact sand and

gravel and/or glacial till deposits. Where the Lacustrine Silt is absent, the bottom of the Upper
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Aquifer is in contact with glacial till or coarse-textured ice-contact deposits comprising the Lower
Aquifer. Where the Lacustrine Silt is present, as it is over most of the Site, it forms an effective
aquitard between the overlying Upper Aquifer and the underlying Lower Aquifer in areas where the
Lower Aquifer is present. The current surface elevation contour map for the Lacustrine Silt is

shown on Plate 2-1.

2.2.3  Lower Aquifer

The Lower Aquifer consists of stratified drift deposited by sub-glacial meltwater in tunnels and
crevasses beneath the glacial ice or by superglacial meltwater at the glacial ice margin. Unlike the
glacial outwash of the Upper Aquifer, the ice-contact deposits of the Lower Aquifer are not present
as a continuous layer in the areas north of Broad Street in the west and East Main Street in the east.
Rather, the Lower Aquifer in the Endicott area is confined to a thick sequence of ice-contact
deposits situated along the axis of the valley and in isolated areas farther away from the valley axis.

It is used for both municipal and industrial water supply.

2.2.4  Bedrock Aquifer

The uppermost several hundred feet of bedrock consists of marine shales and siltstones of the late
Devonian West Falls Group. Bedding is near-horizontal and the upper part of the bedrock contains
water-bearing fractures yielding sufficient quantities of water such that the shallow bedrock is an

effective aquifer.

2.2.5 Other Units

Post-glacial alluvium is present near or within the Site in at least two locations: (1) beneath a low
terrace adjacent to the Susquehanna River, and (2) in a shallow late-deglacial channel near the north
valley wall generally located between Watson Boulevard and the Norfolk Southern railroad tracks.

This unit is not significant with regard to groundwater flow at the Site.

In many areas, the lowermost unconsolidated unit lying directly above the bedrock is till - a dense,
poorly sorted mixture of clay, silt, sand and angular rock fragments deposited directly by glacial

action. The till is discontinuous beneath the Site and, therefore, is not consistently the lowermost
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unconsolidated unit in contact with bedrock. Near the axis of the valley, where the till is mostly
absent, ice-contact deposits lie directly over the bedrock. The till is not significant with regard to

groundwater flow at the Site.

2.3  Groundwater Monitoring Plan

The Site monitoring plan consists of two elements: (1) measurement of water levels and sampling
of groundwater monitoring and extraction wells in accordance with a Site-specific Groundwater
Monitoring Plan (GMP) and (2) sampling of influent and effluent from the various groundwater
extraction and treatment systems to satisfy the treatment requirements of the Order. (Influent and
effluent sampling is described in Section 3.1.2 of this report.) The purpose of the GMP is to specify
a network of groundwater monitoring and extraction wells to be used for monitoring hydraulic

effectiveness and remedial action effectiveness.

Sampling is performed in accordance with the Site’s Quality Assurance Project Plan (QAPP). The
current QAPP for the Site was submitted to NYSDEC in January 2009 and was prepared in
accordance with Paragraphs 2.(i) and 2.(iii) of Appendix F of the Order.

The GMP for 2018 is presented in Appendix D and consists of 404 hydraulic effectiveness (HE)
monitoring wells and 337 remedial action effectiveness (RAE) monitoring wells, including active
extraction wells. All of these wells are shown on Plate 1-1. The HE wells and RAE wells are listed
on Tables D-1 and D-2 of Appendix D. The HE well listing on Table D-1 includes the Site Area
designation (OU# or MA-A), the monitoring point elevation, and the planar coordinates for each
well. The physical specifications for the HE wells, such as survey coordinates, elevations, depths,
and well construction information, are listed in Table B-1 of Appendix B. Synoptic groundwater
elevation data in 2018 was recorded semiannually from the 404 HE wells and was used to construct
water table elevation and potentiometric elevation contour maps for the semiannual and annual

groundwater monitoring reports.

The RAE well listing on Table D-2 includes the Site Area designation, the sampling frequency, a
summary of the number of samples per year, and a summary of wells to be sampled using passive
diffusion bags (PDBs) instead of pumps or bailers. Eligibility for sampling using PDBs was

determined based on inner well diameters (required inner diameter greater than one inch),
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anticipated water column thickness in the screened interval of the well (in general, 5 feet or greater
is needed for PDB sampling), and position relative to potentially variable groundwater extraction

operations.

Samples collected from each of the RAE monitoring and extraction wells listed on Table D-2 were
analyzed for VOCs by SW-846 Method 8260C using a 25 mL purge, thereby achieving low
concentration reporting limits, typically 0.5 pg/L (undiluted). Field screening for specific
conductance, pH, temperature, and turbidity was performed at the time of sampling. The VOC
concentration data for the 337 RAE wells were used to create chemical concentration contour maps

showing the distribution of VOCs in groundwater.

IBM submitted a request to NYSDEC for modifications to the GMP on January 21, 2019. The

request consists of the following modifications:
1. A decrease in the number of hydraulic effectiveness wells from 404 to 390;
2. A decrease in the number of remedial action effectiveness wells from 337 to 307;

3. A net decrease in the number of groundwater monitoring well samples being collected from

756 to 616; and
4. A reduction in the number of active extraction wells from 17 to 11.

The requested changes to the GMP mostly reflect increases in monitoring frequency in portions of
OU#1 and OU#2, modifications to the monitoring frequency in portions of Miscellaneous Activity
A (MA-A) and OU#3, changes in monitoring frequency to seven wells in OU#4, modifications to
monitoring of extraction well EN-709 capture in OU#5, and the completion of the shutdown test in

OU#7. With the exception of decommissioned bedrock monitoring well EN-DO1, no changes to the
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2019 GMP are proposed for OU#6. The NYSDEC approved the requested changes to the 2019
GMP on February 1, 20197,

2.4  Description of Remedial Systems

The remedial systems described in this section consist of groundwater extraction wells and
groundwater treatment systems. These wells and treatment systems are operated and maintained in

accordance with the Site’s OM&M Plan.

24.1 Groundwater Extraction Wells

The groundwater collection system in 2018 consisted of 17 active extraction wells operating at
various times throughout the year. Except for periods of testing and maintenance, the system has
operated continuously since 1980. Between 2012 and 2017, the volume extracted annually ranged
from 321 to 352 MG, but declined to 168 MG in 2018. The decline in 2018 was due to a
combination of decreasing saturated thickness in the aquifer resulting from the shutdown of clean

water injection in late 2017 together with the permanent shutdown of several extraction wells.

Table A-1 in Appendix A summarizes the monthly pumping volumes and average flow rates for
each extraction well in 2018. These volumes and flow rates are based on daily records for each
well. Also shown at the bottom of Table A-1 is the volume treated at each of the groundwater
treatment facilities. Table A-2 shows the mass of VOCs removed by each extraction well in 2018;

this VOC mass recovery is discussed further in Section 6.

Figure 1-3 shows the locations of the 18 extraction wells that were in place as of December 31,
2018. Of these 18 wells, 17 are constructed in the Upper Aquifer and one well (EN-D49) extracts
groundwater from the bedrock aquifer. Eleven of the 18 extraction wells were operating at the end
of 2018. Extraction wells EN-107R, EN-133, EN-185P, EN-215T, EN-253, EN-492T and
EN-499T remained in-place, but were inactive at the end of 2018.

2 NYSDEC, February 1, 2019, e-mail message from Jessica LaClair to Kevin Whalen of IBM, Subject: Endicott
Sampling Plan.
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Extraction wells EN-91T, EN-194, and EN-451P operated during the first half of 2018 and were
decommissioned in July 2018 together with inactive extraction wells EN-120 and EN-160 in
OSCZ-A, EN-154R and EN-218 in OU#7, and EN-195 in OU#4. None of these decommissioned

wells is shown on Figure 1-3.

2.4.1.1 OU#1/ OU#2 Northern Capture Zone

As shown on Figure 1-3, extraction wells EN-428 and EN-253R are located north of the railroad
tracks within Operable Unit #1: Railroad Corridor Source Area (OU#1). Groundwater pumped
from these two wells is metered at Building 46S (B046S), which contains an equalization tank (EQ
Tank) and pumps that transfer groundwater to the Clark Street GTF. Wells EN-107R, EN-114T,
and EN-219R are also located in OU#1. Groundwater extracted from EN-107R was metered at the
nearby EN-107R Metering Enclosure and was pumped through the conveyance piping to the Huron
OTF in Building 96. Groundwater extracted from well EN-114T is metered at the EN-107R
Metering Enclosure and is pumped through the conveyance piping to the Clark Street GTF.
Groundwater extracted from well EN-219R is metered at the EN-219R Metering Enclosure where it
joins the B046S conveyance line and is pumped to the Clark Street GTF together with groundwater
extracted from OU#1 extraction wells EN-428, EN-253R, and EN-114T. Extraction well EN-107R
was deactivated on May 29, 2018 due to diminishing efficiency and the greater pumping capacity of

nearby extraction well EN-114T.

On November 20, 2018°, IBM submitted a letter requesting the shutdown of extraction wells
EN-428 and EN-253R due to the following health and safety concerns, operational issues, and

performance findings:

1. Wells EN-428 and EN-253R are located close to leaking sanitary sewer pipelines. The presence
of sanitary sewage in the withdrawals from these wells adds significant health and safety

* IBM, November 20, 2018, Letter from Kevin Whalen to Jessica LaClair of the New York State Department of
Environmental Conservation, Subject: Proposed Shutdown of Extraction Wells EN-428 and EN-253R, Operable Unit
No. 1: Railroad Corridor Source Area, Former IBM Facility, Endicott, New York, Order on Consent Index #A7-0502-
0104, Site #704014.
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exposure risks for field personnel who monitor and maintain the pumping systems in these wells
and treat the withdrawals from these wells. Over the past decade, the extent of sanitary sewer
impacts to groundwater in this area of the Site has increased based on olfactory observations of
sewage-like odors by field personnel and has increased the rate of fouling of the extraction
wells, pumping systems, conveyance piping, and the Clark Street Groundwater Treatment
Facility. The increased frequency of required maintenance has increased the health and safety
exposure risks to field personnel.

2. The well screens and pump system components have become increasingly difficult to maintain,
requiring greater use of chemical additives, more frequent cleaning or replacement of pumping
system components, and more frequent well rehabilitation efforts using heat, chemicals, and/or
mechanical brushing. The recent lack of improvement in sustaining well yields resulted in
piloting the use of carbon dioxide as part of the well rehabilitation process. Treatment with
carbon dioxide has shown promise for other Site extraction wells but did not provide sustainable
improvement for wells EN-428 and EN-253R.

3. The overall effects of recent well rehabilitation efforts are short-lived with average well yields
for EN-428 and EN-253R typically about 0.7 gpm and less than 0.2 gpm, respectively.
Annualized mass removals from this area of the Site have reached diminishing returns, based on
declines in both well yield and groundwater concentrations. Wells EN-428 and EN-253R are
located within the broad capture area of Upper Aquifer extraction well EN-219R, indicating that
the mass currently captured by wells EN-428 and EN-253R would be captured by well
EN-219R after EN-428 and EN-253R have been shut down.

Given the above-listed concerns, issues, and performance findings, the NYSDEC approved the

shutdown of wells EN-428 and EN-253R in a letter to IBM, dated February 21, 20194,

2.4.1.2 OU#2 / MA-A Southern Capture Zone

Three Upper Aquifer extraction wells operated in 2018 to capture VOC mass flux in groundwater in
the vicinity of North Street, including two wells within OU#2 (EN-276 and EN-276R) and one well
located in Miscellaneous Activity A (MA-A), referred to as Off-Site Capture Zone A (OSCZ-A).
EN-276 and EN-276R are located between Buildings 14 and 18, and EN-284P is located in the
parking lot area south of North Street between Grant Avenue and Garfield Avenue (Figure 1-3).

* NYSDEC, February 21, 2019, Letter from Jessica LaClair of NYSDEC to Kevin Whalen of IBM, Re: Proposed
Shutdown of Extraction Wells EN-428 and EN-253R, Operable Unit No. 1: Railroad Corridor Source Area, Former
IBM Facility, Endicott, New York, Order on Consent Index #A7-0502-0104, Site #704014.
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Groundwater from these wells is treated at the Garfield Avenue GTF. All three extraction wells

were active through the end of 2018.

2.4.1.3 Former Off-Site Plume Area Capture Zone

In 2018, seven extraction wells operated to remove Upper Aquifer groundwater in the former off-
Site VOC plume area, located south of the central portion of the Site. Five of the wells (EN-91T,
EN-133, EN-194, EN-215T, and EN-451P) were shut down by the middle of the year, while two
wells (EN-447T and EN-491T) were active through the end of 2018.

Groundwater extracted from wells EN-133, EN-91T, and EN-451P was treated in the Jefferson
Avenue GTF. As of the end of 2018, wells EN-91T and EN-451P have been decommissioned and
EN-133 remains in place as an inactive extraction well. Groundwater extracted from wells EN-194
and EN-215T was treated in the Garfield Avenue GTF. As of the end of 2018, well EN-194 has
been decommissioned and EN-215T remains in place as an inactive extraction well. Extraction well
EN-499T has been inactive since November 2014, but remained in place throughout 2018.
Groundwater extracted from wells EN-447T and EN-491T was treated in the Adams Avenue GTF.
In addition to active wells EN-447T and EN-491T, three other Upper Aquifer extraction wells
connected to the Adams Avenue GTF (EN-195, EN-492T, and EN-185P) were inactive in 2018.
Well EN-195 was decommissioned in 2018 while wells EN-492T and EN-185P are planned to be

decommissioned in 2019.

On November 20, 2018°, IBM submitted a letter to the NYSDEC requesting the shutdown of
extraction well EN-491T. The request to shut down well EN-491T is based on empirical
groundwater monitoring data and extraction operations data collected between January and October
2018 that support the conclusion that the combined operation of extraction wells EN-284P and
EN-447T should be sufficient to capture groundwater located within the limits of the former off-

> IBM, November 20, 2018, Letter from Kevin Whalen to Jessica LaClair of the New York State Department of
Environmental Conservation, Subject: Proposed Shutdown of Extraction Well EN-491T, Operable Unit No. 3: Plume
Reduction in the Southern Area and Miscellaneous Site Activity A: Plume Reduction in Off-Site Capture Zone A,
Former IBM Facility, Endicott, New York, Order on Consent Index #A7-0502-0104, Site #704014.
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Site VOC groundwater plume area. A decision by the NYSDEC regarding this request is still
pending.

2.4.1.4 Operable Unit #5: Building 57 Area

Following the successful completion of source removal activities in the Building 57 Area (OU#5),
extraction well EN-709 began operating in June 2013 to provide hydraulic containment of a small
area of VOC-containing groundwater identified in the southwestern portion of OU#5, outside of the
thermal treatment source removal areas. Groundwater extracted by EN-709 is treated at the Clark
Street GTF. In 2018, groundwater withdrawals at well EN-709 maintained an average extraction

rate of 8.4 gpm.

2.4.1.5 Operable Unit #6: Plume Control in Bedrock Groundwater

Extraction well EN-D49 is located on McKinley Avenue near the southwestern corner of Building
42 (Figure 1-3) and extracts groundwater from the bedrock unit within Operable Unit #6 (OU#6).
The long-term extraction rate was maintained at approximately 24 gpm throughout 2018, similar to
the average rate from 2009 to 2017. Groundwater extracted by EN-D49 is treated at the Adams
Avenue GTF.

2.4.1.6 Operable Unit #7: Northwestern Area

Two inactive extraction wells, EN-218 and EN-154R, were located in Operable Unit #7:
Northwestern Area (OU#7). These two wells were installed to remediate residual contamination

from historical Endicott-Johnson and IBM operations.

Extraction well EN-218 was shut down in October 2012 when it was determined that well EN-154R
was sufficient for remediation in OU#7. In November 2013, IBM requested approval from
NYSDEC to conduct a shutdown test of EN-154R for the purpose of monitoring and quantifying
downgradient changes in groundwater quality prior to deciding whether to permanently discontinue
operation of EN-154R. Extraction well EN-154R was subsequently shut down in February 2014
with NYSDEC approval and the Robble Avenue GTF, which treated groundwater extracted from
EN-218 and EN-154R, was also shut down in February 2014. Following more than three years of

quarterly post-shutdown monitoring, a shutdown test report for extraction well EN-154R was
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submitted to NYSDEC in August 2017. A Record of Decision describing NYSDEC’s selected
remedy of monitored natural attenuation for OU#7 was subsequently issued in March 2018. In July
2018, extraction wells EN-154R and EN-218 were decommissioned along with the Robble Avenue
GTF.

2.4.2  Groundwater Treatment Systems

Groundwater withdrawals from each of the 17 extraction wells that were pumped in 2018 were
treated at one of four active GTFs operated by IBM or at the Huron OTF. Treated water discharged
from the four GTFs was discharged to the Susquehanna River via the Endicott municipal storm
sewer system at one of four separate outfalls. The Huron OTF also discharges to a separate outfall

in the municipal storm sewer system.

All four GTFs operated by IBM treated water from more than one extraction well in 2018. The
following sections briefly describe each GTF and explain which extraction wells are connected to
each GTF. Detailed descriptions of the four GTFs operated by IBM in 2018 are included in the
OM&M Manual (Appendix H).

2.4.2.1 Garfield Avenue GTF

The Garfield Avenue GTF uses liquid-phase granular activated carbon (GAC) as the primary
treatment for extracted groundwater. The two-stage liquid-phase GAC system consists of two
adsorption vessels, each with 20,000 pounds of GAC. The Gartfield Avenue GTF also incorporates
a 3,000-gallon equalization tank and influent transfer pump installed as part of a GTF upgrade in
2012. An air stripping treatment system with vapor-phase treatment vessels for aerator off-gas
treatment was installed in 2013 to address variable mass loading of chlorinated ethanes in the
groundwater extracted from wells EN-276 and EN-276R. Modifications to the conveyance piping
were also made to segregate groundwater extracted by well EN-284P from groundwater extracted
by wells EN-276 and EN-276R. On June 27, 2018, the air stripping treatment system was shut
down and all extracted groundwater was subsequently processed through the liquid-phase GAC
system. During 2018, all of the groundwater treated via the two-stage liquid-phase GAC system
and the air stripping treatment system in the Garfield Avenue GTF was discharged to the

Susquehanna River via Outfall 001M through the Endicott municipal storm sewer system.
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2.4.2.2 Jefferson Avenue GTF

The Jefferson Avenue GTF, like the Garfield Avenue GTF, used liquid-phase GAC as the primary
treatment for extracted groundwater. The two-stage liquid-phase GAC system consisted of two
adsorption vessels, each with 20,000 pounds of GAC. During the first five months of 2018, all of
the groundwater treated via the two-stage liquid-phase GAC system in the Jefferson Avenue GTF
was discharged to the Susquehanna River via Outfall 002M through the Endicott municipal storm
sewer system. Following the shutdown of extraction wells EN-91T and EN-451P in January 2018,
and extraction well EN-133 in May 2018, the Jefferson Avenue GTF was deactivated. The carbon
was removed from the liquid-phase GAC system in July 2018.

2.4.2.3 Adams Avenue GTF

The treatment system at the Adams Avenue GTF uses liquid-phase GAC systems similar to the
Garfield Avenue and Jefferson Avenue GTF systems. The arrangement of the treatment systems at
the Adams Avenue GTF allows for separate treatment of groundwater from two groups of wells
exhibiting distinctive geochemical characteristics and having different pre-treatment requirements.
One influent stream, consisting of groundwater extracted from bedrock well EN-D49 (and
previously from inactive wells EN-185P and EN-492T) is designated as the “Al line” and uses a
solids removal system consisting of an equalization tank, sand filter with automated backwash,
settling vessel, and high speed centrifuge to remove suspended solids in a pre-treatment step. This
influent stream is then chemically treated to sequester calcium and magnesium carbonate and
suppress biofouling in a second pre-treatment step. The final treatment step uses a two-stage liquid-

phase GAC system consisting of two adsorption vessels, each with 20,000 pounds of GAC.

The other influent stream, consisting of groundwater extracted from wells EN-447T and EN-491T
(and previously from decommissioned extraction well EN-195) is designated as the “A2 line” and
does not require pre-treatment. This influent stream is handled with a separate two-stage liquid-
phase GAC system consisting of two adsorption vessels, each with 10,000 pounds of GAC. In
2018, all of the treated effluent from the A1 and A2 lines was discharged to the Susquehanna River

via Outfall 003M through the Endicott municipal storm sewer system.
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2.4.2.4 Clark Street GTF

In 2018, groundwater from four active extraction wells in OU#1 (EN-114T, EN-428, EN-253R, and
EN-219R) and one active extraction well in OU#5 (EN-709) was treated at the Clark Street GTF.
The Clark Street GTF is located on the north side of Clark Street near the eastern end of the Huron
campus and contains a 3,000-gallon equalization tank, a QED EZ-Tray air stripper and three in-
series vapor-phase treatment vessels for aerator off-gas treatment. Two of the vapor-phase
treatment vessels contain granular activated carbon and a third vapor-phase treatment vessel
contains a special zeolite medium for polishing the air stripper effluent stream. The treated effluent
is discharged to the Susquehanna River via Outfall 006M through the Endicott municipal storm

sewer system.
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3 DESCRIPTION OF WORK PERFORMED IN 2018

3.1 Remediation System Operations

This section of the Combined Groundwater Report discusses the groundwater extraction systems
and contaminant recovery achieved by extraction wells operating at the Site during 2018 and the
efficiency of groundwater treatment to remove these contaminants from the groundwater prior to
discharge to surface water via the storm sewer system. Appendix G presents a summary of
significant maintenance activities conducted in 2018 for the groundwater extraction and treatment

systems.

3.1.1 Groundwater Extraction

As noted in Section 2.4.1, groundwater extraction volumes by well and by month in 2018 are shown
on Table A-1 of Appendix A. The total volume of groundwater extracted at the Site in 2018 was
167.7 MG. A breakdown of the total extraction volumes in MG by remediation area in 2017 and
2018, and the change from 2017 to 2018, is shown below on Table 3-1.

Table 3-1: Groundwater Extraction Volumes
by Capture Zone (MG, millions of gallons)
Change from
Area 2017 2018 2017 to 2018
OU#1 / OU#2 Northern Capture Zone
(Source Control) 42.3 33.2 9.1
OU#2 / MA-A Southern Capture Zone
(Control of Mass Flux Crossing North St) 49.3 18.7 -30.6
Former Off-Site Plume Area Capture Zone 2394 98.8 -140.6
OU#5 Capture Zone 5.1 4.4 -0.7
OU#6 Bedrock Groundwater Capture Zone 13.1 12.6 -0.5
Total 349.2 167.7 -181.5

Extraction volumes declined in all areas of the Site in 2018 due to a combination of cessation of
clean water injection in late 2017, decreasing saturated thickness, and a reduction in the number of
active extraction wells. The most significant decrease occurred in the area of the former off-Site
plumes (Off-Site Capture Zone A, OU#3 and OU#4) where the 2018 extraction volume (98.8 MG)

decreased by 59 percent. A similar decline in extraction volume (62 percent) occurred for the wells
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controlling the mass flux crossing North Street (OU#2 / MA-A Southern Capture Zone). A
decrease of 9.1 MG in the railroad corridor source area (OU#1 / OU#2 Northern Capture Zone) was
primarily the result of a decrease in the volume pumped from extraction well EN-114T. The
volume extracted in the Building 57/57A Area (OU#5 Capture Zone) decreased in 2018 to a volume
similar to OU#5 groundwater withdrawals in 2015 and 2016.

The volume of bedrock groundwater extracted by well EN-D49 in 2018 was 12.6 MG, a slight
decrease from 2017, but within the range of EN-D49 annual withdrawals (12.2 to 12.8 MG) from
2009 to 2016.

3.1.2 Influent and Effluent Sampling of Groundwater Treatment Systems

Influent and effluent samples were collected monthly in 2018 from the Garfield Avenue GTF,
Jefferson Avenue GTF, Adams Avenue GTF, and Clark Street GTF. Mid-point samples (from
between carbon vessels) were collected at least monthly from the Garfield, Jefferson, and Adams
Avenue GTFs. Separate influent and mid-point samples were collected from the A1 and A2 lines of
the Adams Avenue GTF. Sampling points at the Clark Street GTF consisted of air stripper influent
and a final effluent sampling point prior to discharge to Outfall 006M. All influent, effluent, and
mid-point samples were analyzed for VOCs by SW-846 Method 8260C. The pH of the effluent was
also recorded in the field. Analytical chemistry data for influent and effluent samples collected in

2018 is presented in Appendix E-2.

3.1.3  Operational Efficiency

The operational efficiency of the extraction wells and treatment systems at the Site in 2018 was
analyzed by reviewing the number of days that each well was pumping and comparing this number
to the number of possible days of operation. Wells were considered active on days when at least 10
gallons per day were extracted. Table 3-2 summarizes the days of activity for each well and shows
the up-time percentage relative to either the number of days in the year or the period when the well

was available (e.g., partial year for EN-194, EN-215T, EN-91T, EN-133, EN-451P and EN-107R).
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Table 3-2: Operational Efficiency of
Extraction and Injection Wells in 2018
Well Actual I_)ays of Operation qut of Percent T_ime in
Possible Days of Operation Operation*
EN-284P 365/365 100%
EN-194 70/71 98.6%
EN-215T 178/178 100%
EN-276 364/365 99.7%
EN-276R 364/365 99.7%
EN-091T 29/29 100%
EN-133 149/149 100%
EN-451P 4/4 100%
EN-491T 361/365 98.9%
EN-447T 363/365 99.4%
EN-D49 365/365 100%
EN-107R 147/149 98.6%
EN-219R 361/365 98.9%
EN-253R 355/365 97.2%
EN-428 348/365 95.3%
EN-709 361/365 98.9%
EN-114T 358/365 98.1%
*Percent time in operation is based on full days when at least 10 gallons was pumped.

As shown on Table 3-2, the operational efficiency for all 17 extraction wells operating in 2018 was
greater than 95% based on possible days of operation, not including days following permanent
shutdown or decommissioning. The operational efficiency of 15 of 17 wells was greater than 98%
and six wells operated at 100% efficiency. Operational periods for some wells were affected by

factors such as routine well maintenance, carbon changes, and well cleanings.

3.1.4  Treatment Efficiency

Treatment efficiency was calculated for the four GTFs operating in 2018 by comparing VOC
concentrations in the influent to VOC concentrations in the effluent from each treatment system.
The pH and concentrations of VOCs in the effluent from all four GTFs operated by IBM were
within the limits allowed by the former SPDES permit (pH = 6.0 to 9.0 and individual VOC
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concentrations less than 10 pg/L). Based on the ratio of influent to effluent concentrations, the

treatment efficiency for the four active GTFs was greater than 99.9% in 2018.

3.1.5  System Maintenance

3.1.5.1 Water Treatment Chemical (WTC) Use and Reporting

Water treatment chemicals (WTCs) were used in 2018 at the Garfield Avenue GTF (Outfall 001M)
Adams Avenue GTF (Outfall 003M), and Clark Street GTF (Outfall 006M) and associated
extraction wells. The purpose of the WTCs is to control biofouling and precipitation of iron and
calcium in the extraction wells, GAC beds, air strippers, treatment system piping, meters, and
pumps. Some of the WTCs are added directly to the treatment system trains, whereas others are
injected or added at the extraction wells. Three different WTCs were used with NYSDEC approval.
Table 3-3 lists these WTCs, their purposes, and the total quantity of each that was used in 2018. A
detailed table was submitted to NYSDEC in April 2019 to comply with the annual WTC reporting

requirement.
Table 3-3: Water Treatment Chemical Use in 2018
Water Treatment Outfalls Where Qua_ntlty Used
. in 2018 Purpose
Chemical Used
(pounds)
Hz0, 006M 17,344 Oxidizer/antifouling properties
(Hydrogen Peroxide) ’
* 001M, 003M, Controlling iron and calcium
Redux 300 006M 16,992 deposits
Redux 525* 003M 2,312 Control of biofouling
Total: 36,649 Pounds
*Contains phosphorus; total phosphorus analysis of effluent required when in use.

As shown on Table 3-3, IBM used a total of 36,649 pounds (18.3 tons) of water treatment chemicals
in 2018 to maintain operational efficiency of the groundwater extraction and treatment systems at

the Site.
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3.1.5.2 Carbon Changes

Granular activated carbon was used at the four active groundwater treatment facilities in 2018. The
Garfield Avenue, Jefferson Avenue, and Adams Avenue GTFs use liquid-phase GAC vessels in the
groundwater treatment process. The Garfield Avenue GTF also used vapor-phase GAC vessels to
treat the air stream from the air stripping system that operated until June 27, 2018. The Clark Street

GTF uses vapor-phase GAC vessels for treatment of the air stream from the air stripping system.

When the GAC reaches its adsorptive capacity for removal of VOCs, the spent carbon is removed
from its respective vessel by the vendor and is replaced with virgin or reactivated carbon.
Detections of VOCs in the midpoint samples of the liquid-phase GAC vessels are used to determine
whether the adsorptive capacity of the GAC has been exhausted. During a carbon change, the spent
carbon is removed from the lead vessel and is replaced with fresh carbon. The lead-lag positions of
the two in-series vessels are then reversed by adjusting valves and/or hose connections, except when

carbon is changed in both the lead and lag vessels.

The carbon change-out process takes several hours and requires shutdown of the treatment system
and associated extraction wells. The extraction wells are restarted following the carbon change.
Table 3-4 lists the carbon changes that occurred in 2018 at the four GTFs. Five liquid-phase and 10
vapor-phase carbon changes occurred in 2018. 204,800 pounds (approximately 102 tons) of spent

carbon was shipped off-site for regeneration.
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Table 3-4: Granular Activated Carbon Changes in 2018
Net Weight of Spent
GTF Date Carbon (pounds)
2/8/18 40,000
2/14/18 2,000*
Garfield 4/17/18 2,000*
5/29/18 4,000*
8/9/18 39,000
Adams 9/4/18 (PV-1A) 3,700
9/25/18 (A1) 3,500
1/9/18 7,000*
2/21/18 7,000*
3/20/18 7,000*
Clark 4/17/18 6,000*
5/29/18 14,000*
10/16/18 15,600*
11/27/18 14,000*
Jefferson*™* 7/19/18 40,000
Total 204,800
* Denotes vapor-phase GAC; all other weights are for liquid-phase GAC.
Net weight for liquid-phase carbon excludes water weight and precipitated
solids.
** Removal of carbon following shutdown of Jefferson GTF in July 2018.

3.1.5.3 Repairs and Maintenance

Submersible pumps and motors were replaced during 2018 in wells EN-219R, EN-253R, EN-284P,
EN-428, EN-447T, EN-491T, EN-709, and EN-D49. Vacuum pumps were replaced or rebuilt in
vacuume-assisted extraction wells EN-219R (twice), EN-447T, and EN-491T (three times).

Extraction wells EN-114T, EN-219R, and EN-428 in OU#1 were rehabilitated either by surging or
by liquid CO; injection of the well screens. Chemicals including acids and biocides were used

during surging as needed to break down precipitates and inhibit microbial growth.

The C1 conveyance pipeline system between B046S and the Clark Street GTF was cleaned by
flushing with municipal water seven times in 2018. The C1 line sections between B046S and well
EN-107R were flushed once and the line between EN-114T and B046S did not require flushing in
2018. The C2 conveyance line from B046S to the Clark Street GTF was flushed on February 20,
March 16, April 18, and September 26, 2018. The C6 conveyance line from the EN-709 transfer

station to the Clark Street GTF was flushed with municipal water four times in 2018.
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The annual cleaning and calibration of flow meters at wells EN-194, EN-215T, EN-284P, EN-276
and EN-276R was performed in March 2018. Annual cleaning and calibration of flow meters was
also performed in March 2018 at the Clark Avenue GTF and the Garfield Avenue GTF. Flow meter
cleanings were performed in January 2018 and May 2018 in wells EN-276 and EN-276R, and in
May 2018 and July 2018 in wells EN-253R and EN-428. Additional flow meter cleanings were
completed in February 2018 at EN-107R, in December 2018 at wells EN-114T, EN-253R, EN-428,
and several times throughout the year at wells EN-219R and EN-709.

3.1.6  System Upgrades

System upgrades completed in 2018 included: (1) design and construction of a larger diameter,
double-contained above ground conveyance piping system and associated well control wiring in the
OU#I railroad corridor between extraction well EN-114T and the B046S transfer building; and (2)
reconfiguring of the wellhead completions for extraction wells EN-114T, EN-219R, and EN-709.
The conveyance piping and control wiring upgrades were completed to facilitate higher
groundwater withdrawal rates from Upper Aquifer extraction well EN-114T, while the wellhead

completion upgrades were constructed to improve well rehabilitation effectiveness and efficiency.

The double-contained conveyance piping consists of nominal 3-inch diameter HDPE piping inside
nominal 6-inch diameter HDPE piping. The piping installation was completed in two phases. The
first phase consisted of adding the new conveyance piping and control wiring on the trestle between
the EN-107R transfer building and the B046S transfer building. The existing 2-inch/4-inch nominal
diameter double-contained piping on the trestle between the EN-107R transfer building and the
B046S transfer building has been retained to serve as a backup to the new conveyance piping and to
allow for flushing of conveyance lines between the EN-114T well head and the B046S transfer
station using potable water. The second phase consisted of adding the new conveyance piping
along the southwest corner of Building 48 and the adjacent overhead piping trestle used to carry the
lines over the roadway situated between EN-114T and the EN-107R transfer building.

The reconfiguring of the wellhead completions for extraction wells EN-114T, EN-219R, and

EN-709 consisted of welding on flanges and pitless adapters to remove casing obstructions that can
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decrease well rehabilitation effectiveness and efficiency by limiting the diameter of tooling that can

be used and extending the length of time for well rehabilitation activities.

3.2  Groundwater Monitoring Program Activities

Groundwater monitoring activities performed during 2018 in accordance with the 2018
Groundwater Monitoring Plan included measurement of groundwater elevations, inspection and
maintenance of monitoring wells including repairs to surface seals, and collection of groundwater
samples for chemical analysis. Each of these activities is described in one of the following

subsections.

3.2.1 Groundwater Elevation Measurements

Groundwater elevations were calculated by subtracting the measured depth to water from the
surveyed elevation of the measurement point listed in Appendix C. For most wells, the designated
measurement point is the top of the inner well casing (the “TOC Elevation”). This measurement

reference point is typically notched into the top of the well casing.

3.2.1.1 Comprehensive Water Level Measurement Events

In 2018, 2,157 water levels were measured manually using portable electronic water level meters
during water level measurement events. The principal water level measurement events are listed

below.

1. A comprehensive semiannual water level measurement event occurred on May 23, 2018
(401 measurements) to satisfy semiannual reporting requirements. The May 2018 event
included monitoring wells completed in the Bedrock Aquifer as well as those completed in

the Upper Aquifer.

2. A second comprehensive water level measurement event occurred on August 28, 2018. The
August 2018 event consisted of 391 measurements to satisfy semiannual reporting
requirements. This event included monitoring wells completed in the Bedrock Aquifer as

well as those completed in the Upper Aquifer.
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3. Monthly water level measurement events occurred in February, March, April, June, and July
2018 to monitor the effects of the November 2017 clean water injection shutdown and the
shutdown of several site extraction wells that occurred during the first half of 2018. A total

of 1,279 measurements were made during these five monthly events.

4. An additional water level measurement event on January 8, 2018 to monitor a water main

leak in the vicinity of Building 96 consisted of 14 measurements.

5. Four additional water level measurement events in August and September monitored a water
main leak in the vicinity of the cooling towers located northwest of Building 18 and

consisted of 46 measurements.

6. An additional water level measurement event on December 31, 2018 to monitor a water

main leak north of Building 14 consisted of 26 measurements.

The groundwater elevation data collected during these events are presented in Appendix C of this

report.

3.2.1.2 Supplemental Water Level Measurements

Hundreds of supplemental groundwater elevations were measured in 2018. Groundwater elevations
were measured manually using portable electronic water level meters at each active or inactive
extraction well and its associated observation well periodically throughout 2018 as part of routine
extraction well operations. Water levels were also measured each time a well was sampled and

when the electronic dataloggers were downloaded.

3.2.1.3 Continuous Water Level Monitoring

At the beginning of 2018, continuous water level recorders were operating in eight monitoring wells
in the Railroad Corridor Source Area (OU#1), in the North Street Area (OU#2), in OSCZ-A (MA-
A), and in the Southern Area (OU#3). As of December 31, 2018, continuous water level recorders
continued to operate in eight monitoring wells in OU#1 and OU#2. The wells in which recorders
were deployed in 2018 are listed on Table 3-5. Each water level recorder consists of a pressure

transducer and datalogger that electronically records periodic readings from the transducer. Water
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level data were periodically downloaded from these dataloggers and were converted to groundwater
elevations. Manual water level measurements made at the time of downloading were used to

calibrate the data collected by the dataloggers.

Table 3-5: Monitoring Wells with
Continuous Water Level Recorders during 2018

OU#1/0U#2 MA-A/OU#3
EN-12 EN-148* EN-29A*
EN-19 EN-187 EN-401*
EN-37 EN-471
EN-51* EN-484
EN-52 EN-509
EN-114* EN-533*

* The water level recorder was removed from this well
before 12/31/2018.

3.2.2  Monitoring Well Inspections

All wells have been surveyed for planar coordinates (northing and easting on the state coordinate
grid), ground surface elevation and measurement point elevation (typically top of casing). The table
of Physical Well Data and Well Specifications, Table B-1 of Appendix B, presents this data plus
other information, including a location description, installation date, depth, well screen intervals,
size and materials of casing and screen, and depth to the bottom of the Upper Aquifer (where the

lacustrine silt was encountered).

A comprehensive inspection of the well field was performed in 2018, supplemented by additional
inspections when each monitoring well was sampled. The following items were covered during the
inspections: (1) measurement of the depth to bottom and comparison of this depth to the well’s
reference depth to determine the need for redevelopment due to buildup of silt; (2) assessment of
the legibility of the well tag, visibility of the survey mark, and need for painting or maintenance of
the standpipe or manhole; (3) assessment of the condition of the well seal; (4) assessment of the
general downhole condition of the well, including the presence of bends or obstructions; and (5)
documentation of dedicated equipment. The results of the well field inspection are summarized in

Table B-2 of Appendix B.
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3.2.3  Groundwater Sampling

Quarterly groundwater sampling events occurred in February, May, August, and November 2018.
The semiannual sampling events occurred in May and August 2018 and samples were collected
monthly from active extraction wells. The groundwater samples were analyzed by Eurofins
Lancaster Laboratories Environmental, LLC of Lancaster, Pennsylvania. The laboratory is certified
by the New York State Department of Health (NYSDOH) Environmental Laboratory Accreditation
Program (ELAP), Certificate No. 10670.

The remainder of this section presents the analytical results for environmental samples collected
during 2018, including blank samples for quality control (QC) and samples from groundwater

monitoring wells and extraction wells.

3.2.3.1 Reporting of Groundwater Chemistry Data

Groundwater chemistry data generated in 2018 from groundwater sampling activities is maintained
in a geographic information system (GIS) database by GHD of Windsor, Ontario. The database is
updated periodically and the updates are web-accessible. This GIS database contains both
groundwater analytical chemistry and associated field QC data for trip blanks and equipment rinse
blanks. The analytical laboratory transmits the preliminary data electronically to both GHD and
GSC. Full report packages of analytical chemistry data (“data deliverables packages™) follow and
are transmitted by the analytical laboratory on CD to both GHD and GSC. Information regarding
the analytical method, sample results, QC results, chain-of-custody documentation, laboratory

correspondence, and raw data are provided with these data deliverables packages.

An independent third-party data validator (GHD) assessed the acceptability and usability of the data
according to criteria contained in the EPA Region 2 validation criteria for organic data. Laboratory
analytical results were assessed by the data validator for compliance with chain-of-custody
procedures, holding times, system monitoring compound (surrogate) recoveries, matrix spikes,
blank contamination, GC/MS instrument performance checks, compound quantitation and reported

detection limits, instrument calibrations, and internal standards.
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Upon completion of validation, a data usability summary report (DUSR) was prepared for each data
deliverables package. Limitations on the use of laboratory data were reported by means of
qualification codes as summarized in the DUSR. The most common qualification code is a “J”,
which indicates that the reported concentration is estimated. The GIS database maintained by GHD

reflects the final data qualification codes and corrected concentrations.

Summary tables of groundwater analytical chemistry data for samples collected in 2018, including
duplicate samples, are presented in Appendix E. The data presented in Appendix E-1 are shown in
alphanumeric ascending order by sample location (well number) and then chronologically within
each sampling location. Groundwater chemistry data for several monitoring wells located on
private property were reported to the property owners in advance of this report. As noted in Section
3.1.2, analytical chemistry data for the influent to and effluent from the four groundwater treatment

facilities operated by IBM in 2018 are presented in Appendix E-2.

3.2.3.2 Quality Assurance/Quality Control Samples

QA/QC analytical data for 2018 consisting of duplicate samples, equipment rinse blanks, and trip
blanks is discussed in the following subsections. Analytical chemistry data for duplicate samples is
presented in Appendix E. Analytical chemistry data for blank samples is presented in Appendix F.
Methylene chloride, a common laboratory contaminant, was detected in nine rinse blanks from
August and November 2018 and in one trip blank from August 2018 at a maximum concentration of
0.3 micrograms per liter (ng/L). c12-DCE was detected in two rinse blanks collected in May and
November 2018 at a maximum concentration of 0.1 pg/L. Xylenes were detected in three rinse
blanks collected in May and August 2018 at a maximum concentration of 0.1 pg/L. Toluene was
detected in 18 of 27 rinse blanks collected in May, August, and November 2018 at a maximum
concentration of 0.8 ng/L. TCE was detected at a concentration of 2.7 pg/L in one rinse blank
collected from a water level indicator in August 2018. Groundwater analytical data associated with
these trip blank and rinse blank detections were qualified as necessary in accordance with EPA

Region 2 validation criteria.
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3.2.3.2.1 Duplicate Samples

Duplicate samples were collected by filling multiple sample containers from the same sampling
device during each sampling round at a frequency of at least one duplicate sample per 20 samples
collected from groundwater monitoring wells (i.e., a minimum of five percent of the samples).
Forty (40) duplicate samples were collected in 2018, which is six percent of the 672 unique
groundwater samples that were collected from monitoring wells. The duplicate samples were
analyzed by SW-846 Method 8260C and were used to assess intralaboratory analytical accuracy and
repeatability. The duplicate samples were assigned blind field identification numbers by the

samplers.

Comparative results for a portion of the data from the duplicate samples collected in 2018 are
presented in Table F-1 of Appendix F. The relative percent difference (RPD) between the results
for each primary sample and duplicate sample was calculated and is shown on Table F-1 for the two
VOCs with the highest detections in each well. (Note: Two duplicate sample pairs did not have
any detections.) Eighteen of 76 RPD results on Table F-1 exceed 10% and only seven exceed 20%.
The highest RPD is 59%, where the primary and duplicate sample results for 11-DCA at EN-096 in

OU#7 may show the effects of matrix interference.

Based on criteria including the results of the calculations, the parameters analyzed and reported, the
absolute differences given sample dilutions, concentration levels, and professional judgment, the
duplicate results for 2018 are satisfactory and do not exhibit gross systematic variations that would

indicate serious analytical quality control problems.

3.2.3.2.2 Trip Blanks

In addition to duplicate split samples, 59 trip blanks for VOCs were prepared in 2018 using
deionized water for each cooler containing VOC samples to be delivered to the laboratory. The
purpose of the trip blanks is to detect contamination in sample transportation or storage. A trip
blank accompanied the sample containers from the field sampling locations and to the laboratory.
Analytical results for these trip blanks are presented in Appendix F. The environmental samples
associated with each trip blank can be determined by noting the dates over which the trip blanks are

valid (refer to “Sample Description” heading in Appendix F).
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3.2.3.2.3 Equipment Rinse Blanks

Equipment rinse blanks were collected to confirm the efficiency of decontamination procedures for
each sampling round by rinsing non-dedicated equipment with analyte-free deionized water
supplied by the laboratory. Thirty-four (34) equipment rinse blanks for VOCs were collected in
2018: 32 from water level indicators, one from a non-dedicated bailer, and one from a submersible

pump. Analytical results for these equipment rinse blanks are presented in Appendix F.
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4 HYDROGEOLOGY

This section of the report reviews the geology and hydrogeology of the Site and presents updates
regarding geologic and hydrogeologic interpretations, and the hydraulic effectiveness of the

groundwater extraction wells.

4.1 Upper Aquifer

The Upper Aquifer is an unconfined, water table aquifer, consisting of the uppermost water-bearing
unit at the Site. As predicted, less groundwater withdrawal from Upper Aquifer extraction wells
was necessary in 2018 to maintain hydraulic control of Upper Aquifer groundwater in former oft-
Site plume areas for MA-A, OU#3, and OU#4. Following the shutdown of clean water injection in
November 2017, five Upper Aquifer groundwater extraction wells in the former off-Site plume area
were sequentially shut down during the first half of 2018. Results of monthly water levels were
used to support the timing and sequence of the extraction well shutdowns. The combined effects of
discontinuing clean water injection and reducing groundwater extraction between late 2017 and the
middle of 2018 resulted in significant changes in apparent off-Site Upper Aquifer capture zones.
The saturated thickness of the Upper Aquifer in August 2018 and the apparent groundwater flow
directions and capture zones in the Upper Aquifer in August 2018 are described in the following

subsections.

4.1.1 Saturated Thickness

A lacustrine silt surface elevation contour map is provided as Plate 2-1. As explained in Section
2.2.2, the top of the lacustrine silt is in contact with the base of the Upper Aquifer. Plate 4-1 shows
the data and elevation contours for the top of the saturated zone in the Upper Aquifer on August 28,
2018. The saturated thickness of the Upper Aquifer was derived by cross-contouring the top-of-silt
contour map (Plate 2-1) with the August 2018 groundwater elevation contour map for the Upper
Aquifer (Plate 4-1). The resulting saturated thickness contour map for the Upper Aquifer in August
2018 is shown on Figure 4-1. The areas where the Upper Aquifer is unsaturated or has less than
two feet of saturation are shaded on Figure 4-1. These “dry” or nearly dry areas of the Upper
Aquifer are also shown on Plate 4-1. Overall, a comparison of the August 2018 saturated thickness

contours depicted on Figure 4-1 with saturated thickness contours for August 2017 indicates an
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increase in the lateral extent of “dry” areas and nearly dry areas, and a roughly five- to ten-foot

decline in saturated thickness.

4.1.2  Groundwater Flow and Capture Zones

This subsection examines groundwater flow within the Upper Aquifer under pumping conditions
with the extraction wells operating. As noted above, Plate 4-1 shows the groundwater elevation
contours for the Upper Aquifer based on groundwater elevations recorded on August 28, 2018.
Apparent groundwater flow divides and flow directions based on contouring of the August 2018
groundwater elevation data are also depicted on Plate 4-1. Overall, the apparent flow divides show

that Upper Aquifer groundwater withdrawals have maintained four general capture zones:

1. The “OU#1/OU#2 Northern Capture Zone”, providing hydraulic control of groundwater in
the Railroad Corridor Source Area located in the southern portion of OU #1 and the northern

portion of OU#2;

2. The “OU#2/MA-A Southern Capture Zone”, providing hydraulic control of VOC mass flux

in groundwater in the vicinity of the North Street Area;

3. The “Former Off-Site Plume Area Capture Zone”, providing hydraulic control of
groundwater in the area of former off-Site VOC plumes within Off-Site Capture Zone A
(MA-A), OU#3, and OU#4; and

4. The “OU#5 Capture Zone”, providing hydraulic control of groundwater in the former Huron

Lot #26 parking area.

A fifth area of interest consists of the southern portion of the former off-Site plume area for OU#3:
Southern Area which lies beyond the limits of the Former Off-Site Plume Area Capture Zone, as

discussed further in Section 4.1.2.5.

4.1.2.1 OU#1/0OU#2 Northern Capture Zone

Groundwater flow in the OU#1/OU#2 Northern Capture Zone is controlled by groundwater

withdrawals from extraction wells located in three areas along the northern side of the Norfolk
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Southern railroad tracks. From west to east, as shown on Plate 4-1, these are extraction wells
EN-114T, extraction wells EN-428 and EN-253R, and extraction well EN-219R. The apparent area
of capture encompasses both sides of the Norfolk Southern railroad tracks and apparent source areas
located proximate to the northwest corner of Building 18, the northeast corner of Building 18, the
area north of Building 41, the area of Building 45 and the southern portion of Building 46, and areas
south and southeast of Building 47.

As shown on Plate 4-1, the combined groundwater withdrawals by extraction wells EN-114T and
EN-219R produce a broad area of capture that extends across much of OU#1 and the northern
portion of OU#2. Vacuum-assisted extraction well EN-219R has a broader extent of capture as
compared to EN-114T. The position of the flow divide between these two wells in the area beneath
Building 48 is influenced by the surface topography of the underlying lacustrine silt unit. The
apparent limits of the combined capture area for wells EN-428 and EN-253R is difficult to discern

and severely limited in extent due to the relatively low yields of both wells.

4.1.2.2 OU#2/MA-A Southern Capture Zone

Groundwater flow in the OU#2/MA-A Southern Capture Zone is controlled by groundwater
withdrawals from extraction wells EN-276, EN-276R, and EN-284P. As shown on Plate 4-1, wells
EN-276 and EN-276R are located between Building 18 and Building 14, while well EN-284P is
located in a glacial ice-block depression about 200 feet south of North Street. Combined
withdrawals from wells EN-276 and EN-276R provide control of near-source groundwater plume
areas and the dissolved VOC mass flux beneath the area of Building 18. Withdrawals from well
EN-284P capture dissolved VOC mass flux that crosses North Street in the area of Building 41,
McKinley Avenue, and the western portion of the “Old Group” buildings. Due to the surface
topography of the underlying lacustrine silt unit, the apparent limits of capture for well EN-284P

extend nearly 400 feet south towards Monroe Street.

4.1.2.3 Former Off-Site Plume Area Capture Zone

Groundwater flow in the Former Off-Site Plume Area Capture Zone is controlled by operation of
extraction wells EN-447T and EN-491T. During the first half of 2018, dewatering within this
capture zone was assisted by operation of extraction wells EN-91T, EN-133, EN-194, EN-215T,
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and EN-451P. As shown on Plate 4-1, this capture zone covers an extensive area, extending to the
west near Lincoln Avenue, to the east near Jackson Avenue, and to the south near Tracy Street. As
of August 2018, the majority of hydraulic control within this capture zone was due to groundwater

withdrawals from well EN-447T, located at the northern end of the McKinley Avenue interchange.

Well EN-447T provides laterally extensive control due to its position within an elongate depression
in the surface of the lacustrine silt located south of Monroe Street between Garfield Avenue and
Adams Avenue (Plate 2-1) where the saturated thickness of the glacial outwash sand and gravel is
generally greater than 20 feet (Figure 4-1). This feature is referred to as the top-of-silt “trough” or
“trough area,” and extraction wells in this feature have been referred to as the “trough wells” or
“trough extraction wells.” As depicted on Plate 4-1, the water level data indicate that operation of
extraction well EN-491T controls groundwater flow in a narrow north-to-south oriented zone
between North Street and Monroe Street. In August 2018 the average yield at well EN-491T (13.7
gpm) was about an order of magnitude less than the average yield from well EN-447T (124 gpm).

4.1.2.4 OU#S Capture Zone

Groundwater flow in the southwestern portion of OU#5 is controlled by groundwater extraction
from well EN-709 located in the former Huron Lot #26, now occupied by Gault Toyota. This
extraction well was installed to target low concentrations of VOCs in groundwater that were
identified in this area during Supplemental Remedial Investigations. Extraction at EN-709 began in
June 2013 following completion of source removal thermal treatment activities. As shown on Plate
4-1, the capture zone of EN-709 in August 2018 extended to the south to North Street, to the west
near Hayes Avenue, and to the east to Dittrich Street, in a configuration that has been maintained
over the past several years. The apparent groundwater elevations and flow directions on Plate 4-1

indicate that shallow groundwater beneath the western part of Building 57 is captured by extraction

well EN-7009.

4.1.2.5 OU#3 Southern Area

The OU#3 Southern Area is hydraulically separated from the Former Off-Site Plume Area Capture
Zone as a result of groundwater extraction at EN-447T. As shown on Plate 4-1, the groundwater

flow divides separating the OU#3 Southern Area from the Former Off-Site Plume Area Capture
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Zone, as inferred for August 2018, have changed significantly from 2017 due to the elimination of
clean water injection in several wells and the deactivation and decommissioning of several
extraction wells. The August 2018 monitoring data show that the area southeast of East Main
Street was outside the limits of capture by the trough extraction wells during the most of 2017, but
in 2018 the southern limit expanded southward to Tracy Street. This expansion appears to be a
result of the cessation of clean water injection at EN-510T and EN-161T in late 2017. As shown on
Plate 4-1, the termination of clean water injection has also lowered the saturated thickness in the
OU#3 Southern Area, resulting in expansion of “dry” or nearly dry areas around wells EN-213A,
EN-401, and EN-402, and near wells EN-465 and EN-466, on either side of the flow divide near the

intersection of Jackson Avenue and Riverview Drive.

4.2 Bedrock Aquifer

As shown on the August 2018 bedrock potentiometric surface contour map provided as Figure 4-2,
the operation of extraction well EN-D49 creates a significantly broad zone of apparent hydraulic
capture within the bedrock aquifer at the Site. The apparent capture zone extends south to within
about 200 feet of Monroe Street, east to within about 200 feet of Adams Avenue, and west into the
area between Grant Avenue and Garfield Avenue. Bedrock monitoring wells inferred to be outside
the area of EN-D49 capture are EN-D48, EN-D35, and EN-D10 to the east, and EN-D36 to the

south. The configuration of this apparent capture zone changes little from year to year.
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5 HYDROGEOCHEMISTRY

This section of the annual report presents an analysis of the chemical concentration data collected in

2018, including an assessment of trends that may be occurring at specific monitoring locations.

5.1 Chemicals of Concern

The chemicals of concern at the Site include chlorinated ethenes, chlorinated ecthanes, and
chlorofluorinated ethanes (Freons). In accordance with the GMP, isoconcentration contour maps
for nine principal VOCs have been constructed annually using data from the comprehensive
sampling event, typically in August. Analytical chemistry data for groundwater samples collected
during the August 2018 sampling event in the OU#1/OU#2 Northern Capture Zone, the
OU#2/MA-A Southern Capture Zone, the Former Off-Site Plume Area Capture Zone, and the
OU#3 Southern Area were used to construct the isoconcentration contour maps provided as Plates
5-1 through 5-9. Data from the August 2018 sampling event were also used to construct separate
isoconcentration maps for key constituents in OU#5 (Plate 5-10), OU#7 (Plate 5-11), and OU#6
(Plate 5-12).

5.1.1 Chlorinated Ethenes

The principal chlorinated ethenes present in groundwater at the Site are tetrachloroethene (PCE),
trichloroethene (TCE), cis-1,2-dichloroethene (c12-DCE), 1,1-dichloroethene (11-DCE), and vinyl
chloride (VC). PCE is a primary solvent typically used in degreasing and dry cleaning operations
and does not occur in groundwater as a daughter product of another compound. TCE is also a
primary solvent used for various industrial applications, and historically in dry cleaning operations,
and can be either a daughter product of PCE by reductive dechlorination or a primary solvent
unrelated to PCE use. Dissolved TCE, whether derived from PCE or directly from the solvent TCE,
degrades by reductive dechlorination to either c12-DCE (preferentially) or trans-1,2-dichloroethene.
These two isomers of dichloroethene then degrade by reductive dechlorination to VC, which
ultimately degrades to ethene. As a group, these compounds are referred to as the “ethene series.”
Isoconcentration contour maps for PCE, TCE, c12-DCE, and VC are presented on Plates 5-1, 5-2,
5-3, and 5-4.
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11-DCE, an ethene, is a transformation product of 1,1,1-trichloroethane (111-TCA) by an abiotic
elimination reaction and also degrades to vinyl chloride and ethene. Because its parent is typically
111-TCA, 11-DCE is grouped with the chlorinated ethanes and is addressed in the following

section.

5.1.2 Chlorinated Ethanes

The principal chlorinated ethanes present in groundwater at the Site include 1,1,1-trichloroethane
(111-TCA) and 1,1-dichloroethane (11-DCA). 111-TCA is a primary solvent used in many
industrial applications and in printing operations. Its principal transformation products are 11-DCA
by reductive dechlorination and 11-DCE by an abiotic elimination reaction. As noted in Section
5.1.1, 11-DCE may transform by reductive dechlorination to vinyl chloride and, although it is an
ethene compound, 11-DCE is included in the ethane series because its parent compound is typically
111-TCA. 11-DCA may transform to chloroethane by reductive dechlorination. (Chloroethane is
detected in only limited areas of the Site and was not contoured for this report.) This group of
VOC:s is referred to as the “ethane series.” Isoconcentration contour maps for 111-TCA, 11-DCA,

and 11-DCE are presented on Plates 5-5, 5-6, and 5-7.

5.1.3  Chlorofluorinated Ethanes (Freons)

Other compounds detected in groundwater at the Site include 1,1,2-trichloro-1,2,2-trifluoroethane
(Freon 113) and 1,2-dichloro-1,2,2-trifluoroethane (Freon 123a), which is a transformation product
of Freon 113 by reductive dechlorination. Isoconcentration contour maps for these

chlorofluorinated ethanes are shown on Plates 5-8 and 5-9.

5.2  Distribution of Chemical Concentrations in the Upper Aquifer

For each of the nine chemicals of concern, the lowest concentration contour value shown on each
isoconcentration contour map is the New York State Groundwater Quality Standard (NYSGQS)
listed in 6NYCRR Part 703. The NYSGQS is 2 pg/L for vinyl chloride and 5 pg/L for the other
principal VOCs. Descriptions of the distribution of the nine chemicals of concern for Operable

Units and their associated plume areas are provided in the following subsections.
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5.2.1  Distribution of VOCs in OUs #1 through #4 and MA-A

As shown on Plates 5-5, 5-6, and 5-7, the ethane-series VOCs occur in source areas and plumes
associated primarily with the Railroad Corridor Source Area (OU#1) and the North Street Area
(OU#2). The ethene-series VOCs also occur in source areas and plumes associated with OU#1 and

OU#2 at concentrations greater than the NYSGQS, as shown on Plates 5-1 through 5-4.

Freon 113 and Freon 123a were rarely detected at concentrations greater than 5 ug/L south of North
Street in 2018, as shown on Plates 5-8 and 5-9. Plate 5-8 shows that Freon 113 was detected in
August 2018 at concentrations greater than 50 pg/L in the vicinity of Railroad Corridor Source Area
(OU#1) monitoring well EN-486 near extraction well EN-219R, and at monitoring wells EN-51 and
EN-533 near extraction well EN-114T. This is a reduction of one order of magnitude compared to
2017 when concentrations exceeded 500 pg/L in this area. Overall, the majority of the VOC
presence in OU#1 and OU#2 is located within the OU#1/OU#2 Northern Capture Zone or the
OU#2/MA-A Southern Capture Zone.

Except for TCE (Plate 5-2), the maps for constituents present in the former OU#3/MA-A off-Site
plume areas indicate that the dissolved VOC presence at concentrations greater than the NYSGQS
has been nearly eliminated and what remains above the NYSGQS continues to be drawn toward
extraction well EN-284P. The area of the plume south of North Street where TCE concentrations
are greater than the NYSGQS (5 ug/L) has been reduced by more than 90 percent since 2004.
Except for well EN-91, adjacent to extraction well EN-91T, where the TCE concentration was 5.5
pg/L in August 2018, TCE concentrations greater than the NYSGQS (Plate 5-2) are being captured
by extraction well EN-284P. Elsewhere in the OU#3/MA-A former off-Site plume area, residual
plume concentrations between the limit of quantitation (0.5 ug/L) and the NYSGQS (5 pg/L) are
captured by extraction well EN-447T. In the Southern Area outside the influence of the extraction

wells, concentrations of TCE do not exceed 2 pg/L anywhere east of McKinley Avenue.

c12-DCE and VC are present at concentrations greater than the NYSGQS in a dissolved-phase
plume south of the former Ideal Cleaners property (OU#4) as shown on Plates 5-3 and 5-4. In the
plume downgradient from the former source area on the former Ideal Cleaners property, the data
show that PCE and TCE have been replaced in the downgradient direction by c¢12-DCE and VC due

to reductive dechlorination under anaerobic reducing conditions and cometabolic degradation under
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localized aerobic conditions. These localized conditions are created by the geochemical effects of
petroleum products sourced from the former Endicott Forging property located upgradient from and
north of the former Ideal Cleaners property. As shown on Plates 5-3 and 5-4, only small plumes of
c12-DCE and VC remain south of the former source area around monitoring well EN-387A; the VC
plume is narrow and extends to the southwest away from the former source area whereas the

c12-DCE plume is confined to the area around well EN-387A.

5.2.2 Distribution of VOCs in OU#5

Individual isoconcentration maps for each chemical of concern in the Building 57 Area (OU#5) are
presented on Plate 5-10 for August 2018 under pumping conditions at extraction well EN-709 with
the apparent limits of hydraulic capture shown by a dashed orange line. Monitoring wells screened
in units analogous to the Upper Aquifer are shown in purple; other monitoring wells are shown in
gray. The isoconcentration contours shown on Plate 5-10 honor chemistry data posted for the
Upper Aquifer wells. Concentration data for other wells reflect groundwater conditions in a
complex stratigraphy that includes soil fill, alluvium, glacial till, and bedrock strata in addition to

the Upper Aquifer outwash sand and gravel.

Concentrations of 111-TCA and PCE did not exceed the NYSGQS in 2018 in the Upper Aquifer at
OU#5. Concentrations of 11-DCE exceeding the NYSGQS were detected in well EN-700 near the
Norfolk Southern railroad tracks at the eastern edge of the EN-709 capture zone. Concentrations of
TCE and c12-DCE exceeded the NYSGQS in one area hydraulically captured by extraction well
EN-709 and in one area to the east, outside the EN-709 capture zone. VC was also detected at
concentrations greater than the NYSGQS in a specific area along the Norfolk Southern railroad
tracks east of the EN-709 capture zone. In general, areas outside the EN-709 capture zone where
concentrations of 11-DCA, TCE, c12-DCE, and VC in 2018 were greater than the NYSGQS are
similar in extent to those observed since 2015. Freon 113 and Freon 123a continue to be detected at
concentrations greater than the NYSGQS south of Building 57 and northeast of extraction well
EN-709. Monitoring well EN-700 is the only well where concentrations of either Freon are greater

than 5,000 pg/L.
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5.2.3 Distribution of VOCs in OU#7

Individual isoconcentration maps for each chemical of concern in OU#7 are presented on Plate 5-11
for August 2018 under non-pumping conditions. Concentrations of 11-DCA, c12-DCE and VC
exceeding the NYSGQS were scattered compared to other VOCs, with the highest concentrations at
wells EN-96, EN-122, EN-150 and EN-211. Concentrations of TCE exceeded the NYSGQS only at
well EN-70 northeast of well EN-96 in an area where no other VOCs were detected at
concentrations exceeding the NYSGQS. PCE and 11-DCE were not detected in OU#7 at
concentrations exceeding the NYSGQS. As indicated by the isoconcentration contours on Plate
5-11, 111-TCA and 11-DCA detected in the southern portion of OU#7 are inferred to originate
primarily from the former tank area of the former Endicott Johnson Rubber Cement Plant, located
northwest of Franklin Street. The 111-TCA and 11-DCA plumes extend to the south onto the RMJ
Realty LLC property located between the Norfolk Southern railroad tracks and North Street.
Concentrations of Freon 113 exceeded the NYSGQS in two small isolated areas (at wells EN-96
and EN-72) while Freon 123a exceeded the NYSGQS in a single area at wells EN-150, EN-96, and
EN-67.

5.3 Distribution of VOCs in the Bedrock Aquifer (OU#6)

As shown on Figure 4-2, the operation of extraction well EN-D49 creates an area of groundwater
capture within the bedrock aquifer at the Site. The effects of this groundwater capture are shown on
Plate 5-12 as a series of seven VOC isoconcentration contour maps constructed using August 2018
groundwater chemistry data from bedrock monitoring wells and from extraction well EN-D49. The
contour maps include the apparent limits of well EN-D49 hydraulic capture depicted on Figure 4-2.
The lowest concentration contour value shown on each map is the NYSGQS for the VOC shown on
that map. These VOC maps show that the operation of well EN-D49 controls the plume of VOCs in
bedrock groundwater, with no detections of VOCs at bedrock monitoring wells EN-D10, EN-D35,
EN-D36, and EN-D48 outside the zone of groundwater capture, and no detections of VOCs at wells
EN-DI11 and EN-D41 inside the zone of groundwater capture. The highest VOC concentrations in
the bedrock VOC plume were detected at wells EN-D33, EN-D44, EN-D46, and EN-D47, where
the concentration of ¢c12-DCE was greater than 1,000 pg/L. All four of these wells lie within the

capture zone of extraction well EN-D49.
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6 PROGRESS OF REMEDIATION

This section of the Combined Groundwater Report discusses the progress in remediating sources
and plumes of VOC:s at the Site in the context of the data presented in previous sections and the Site

remediation goals stated in Section 2.1.

6.1 Source Area Control in Operable Unit No. 1

The concurrent operation of as many as five extraction wells in the Railroad Corridor Source Area
within the OU#1/OU#2 Northern Capture Zone prevents groundwater chemical flux from leaving
the source areas along the railroad corridor in OUs#1 and #2. This activity is consistent with the
first Site remediation objective listed in Section 2.1, namely control of VOC sources in groundwater
within the former IBM manufacturing facility portion of the Site. As summarized in Table A-2, the
VOC mass removed from the five extraction wells operating in 2018 (EN-107R, EN-114T,
EN-219R, EN-253R, and EN-428) totaled 2,159 pounds, about 19% less than the VOC mass
removed from the same five wells in 2017. The decline in VOC mass removal was primarily due to
a lower extraction volume for well EN-114T in 2018 as compared to 2017. Conveyance piping
upgrades completed in 2018 should result in greater extraction volumes and mass removals for well

EN-114T in 2019.

6.2 Control of Flux Crossing North Street in Operable Unit No. 2

Groundwater extraction at wells EN-276 and EN-276R near the southwest corner of Building 18
(BO18) continues to control near-source groundwater plume areas in OU#2 and intercepts
groundwater chemical flux from those plume areas before it crosses North Street. In addition,
EN-284P continues to intercept the groundwater chemical flux crossing North Street between
Garfield Avenue and McKinley Avenue, as shown by the groundwater elevation contours and
associated capture zones on Plate 4-1 and by the chemical isoconcentration contours in the vicinity

of North Street on Plates 5-1 through 5-9.

6.2.1 Groundwater Extraction in QU#2

Well pair EN-276/EN-276R, located north of North Street, and well EN-284P (with nearby well
EN-284TD serving as a backup), located south of North Street, provide VOC mass flux control
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from near-source groundwater plume areas in OU#2. Prior to 2018, groundwater extracted by
EN-284P south of North Street had two principal sources in addition to natural recharge: (1)
groundwater (and associated VOC mass flux) crossing North Street northeast of EN-284P and (2)
clean water injection at wells to the west, east, and south (and associated VOC mass flux from
plume areas south and southeast of EN-284P). Before the startup of clean water injection in late
2008, groundwater was also sourced from dewatering of the Upper Aquifer in the vicinity of
EN-284P. In 2018, Upper Aquifer dewatering, natural recharge, and groundwater crossing North
Street northeast of EN-284P were the principal sources of groundwater extracted by EN-284P. The
total combined flow from wells EN-276 and EN-276R in 2018 was 4.1 million gallons (MG), about
10 percent lower than the 4.5 MG extracted in 2017. The volume of groundwater extracted by
EN-284P decreased from 44.8 MG in 2017 to 14.5 MG in 2018, primarily due to the cessation of

clean water injection in November 2017.

6.2.2 VOC Mass Removal in OU#2

The VOC mass removed annually by wells EN-276/276R decreased from 15 pounds in 2017 to 7.8
pounds in 2018, and the VOC mass removed annually by EN-284P decreased from 36 pounds in
2017 to 26.9 pounds in 2018. The decline in VOC mass removals for these three wells likely
reflects continued depletion of available VOC mass in near-source groundwater plume areas

beneath the southern portion of OU#2.

6.3 Changes Between 1980 and 2018 in Upper Aquifer Chemistry, OU#1 &
OU#2

Changes in concentrations of VOCs over the past 38 years in Upper Aquifer groundwater at OU#1
and OU#2 were assessed by comparing isoconcentration contour maps prepared in 1980 for three
key VOCs with similar isoconcentration contour maps prepared for this report using August 2018
data. Plate 6-1 shows these isoconcentration contour maps for PCE, TCE, and 111-TCA in
September 1980 and August 2018 for the Railroad Corridor Source Area (OU#1) and the North
Street Area (OU#2). The highest concentrations are indicated by darker shades of the respective
colors: blue for PCE, tan for TCE and green for 111-TCA. These comparative maps were first
shown in the Combined Annual Report for 2014.
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A comparison of the two PCE isoconcentration maps shows that the two areas where concentrations
were greater than 5,000 pg/L in 1980 along the railroad corridor were two or more orders of
magnitude lower in 2018. The magnitude of this decline in concentrations was noted back in 2014
when the lateral extent of the PCE plume with concentrations greater than 5 pg/L was also observed

to have greatly diminished since 1980.

Similarly, a comparison of the two TCE isoconcentration maps shows that concentrations that were
greater than 50,000 pg/L in 1980 in the same two areas along the railroad corridor were three or
more orders of magnitude lower in 2018, a decline that was also noted in 2014. As with PCE, the
lateral extent of the TCE plume where concentrations are greater than 5 pg/L is greatly diminished
and has been so since at least 2014. The highest concentration of TCE shown on Plate 6-1 in 2018
is 1,100 pg/L at well EN-421 near North Street, and there have been no TCE detections greater than
5,000 pg/L in the vicinity of North Street since 2015.

In the case of 111-TCA, where four areas in 1980 had concentrations greater than 50,000 pg/L,
significant reductions have occurred, with the highest concentrations in 2018 being detected in
samples collected from extraction wells EN-219R and EN-428/EN-253R in the railroad corridor.
Similar to the PCE and TCE plumes, the extent of the 111-TCA plume where concentrations are
greater than 5 pg/L had greatly diminished by 2014 and remained so in 2018. The wide area south
of North Street between Washington and McKinley Avenues where concentrations of 111-TCA
were greater than 500 pg/L in 1980 has been absent since 2006.

6.4 Plume Reduction in OU#3/MA-A Former Off-Site Plume Area

A plume reduction Interim Remedial Measure (IRM) consisting of enhanced groundwater
extraction, initiated by IBM in 2004, combined with the steady injection of clean water from 2008
until late 2017, has resulted in the substantial removal of TCE and other VOCs from Upper Aquifer
groundwater in the Southern Area (OU#3) and Off-Site Capture Zone A (Miscellaneous Activity A
or MA-A). In recognition of these improvements in groundwater quality, NYSDEC issued a
Record of Decision (ROD) on March 31, 2015 for this “Off-Site” plume area. The ROD prescribed
“No Further Action” as the remedy for OU#3, contingent on continued groundwater extraction and

clean water injection until such time that injection and extraction are no longer necessary to meet
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the plume reduction goals. Continued monitoring of OU#3/MA-A plume reduction IRM efforts
following the NYSDEC’s issuance of a ROD supported the conclusion that the plume reduction
IRM was complete and further operations would no longer provide a meaningful benefit to
maintaining attainment of the plume reduction goals. A Final IRM Report with recommendations
to discontinue clean water injection and decrease off-Site groundwater extraction was submitted to
NYSDEC on November 10, 2017. The NYSDEC approved the shutdown of clean water injection
and the shutdown of certain off-Site groundwater extraction wells in late 2017 and the first half of
2018. The Final IRM report was approved by the NYSDEC and the NYSDOH on May 18, 2018.
The following subsections discuss the scope of the remaining plume reduction measures and the

status of maintaining the OU#3/MA-A off-Site plume reduction goals achieved back in 2012.

6.4.1 Groundwater Extraction

As listed on Table A-1, seven extraction wells operated in the OU#3/MA-A former off-Site plume
area during at least part of 2018 to maintain the plume reductions achieved between 2004 and 2017.
The total volume extracted by the seven wells was 98.8 MG in 2018, as compared to 239.4 MG in
2017. The decrease of about 140 MG from 2017 to 2018 is due primarily to the cessation of clean

water injection in November 2017. For reference, 238.5 MG of clean water was injected in 2017.

6.4.2 VOC Mass Removal

The operation of up to seven extraction wells in the OU#3/MA-A former off-Site plume area during
at least part of 2018 resulted in removal of 2.8 pounds of VOC mass. For comparison, the amount
of VOC mass removed by operation of the same seven wells for the entire portion of 2018 totaled
5.3 pounds. A calculation of the combined rate of TCE mass removal for the seven wells in 2017

and 2018 yields values of 0.16 and 0.07 pounds per month, respectively.

6.4.3  Reduction of TCE Concentrations in the Upper Aquifer

Plate 6-2 shows two isoconcentration contour maps comparing the distribution of TCE in the Upper
Aquifer south of North Street prior to the startup of extraction operations at EN-284TD in June
2004 with the distribution of TCE in August 2018. The purpose of these comparative maps is to

show the progress of groundwater remediation during the past 14 years. The area of TCE
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concentrations greater than 5 ug/L in the area south of North Street has been reduced by nearly 91

percent since 2004.

The concentration reductions in the portion of the Upper Aquifer shown on Plate 6-2 are attributable
to: (1) operation of EN-284P to intercept flux crossing North Street, thereby preventing
replenishment of the VOC mass in the plume; (2) operation of the Jefferson Avenue and trough
extraction wells together with EN-284P to remove VOC mass that was present in this portion of the
plume prior to the startup of EN-284TD; and (3) the concurrent operation of as many as seven
injection wells from 2008 to 2017 to accelerate the flushing of TCE and other constituents of

concern from the Upper Aquifer.

6.4.4  Change in Mass of TCE Dissolved in Groundwater, 2004 vs. 2018

The purpose of calculating the mass of TCE dissolved in groundwater in the Upper Aquifer south of
North Street is to provide the Agencies (NYSDEC and NYSDOH) with confirmation that
achievement of the stated goal of reducing the mass of TCE dissolved in groundwater within
OSCZ-A (MA-A) and the Southern Area (OU#3) by 80% within 10 years has been maintained. As
noted in Section 2.1, IBM met this objective in 2012 after only eight years of enhanced corrective
action operations. A description of the methods used to calculate the mass of TCE dissolved in
groundwater and documentation of the calculations made for 2004 and 2018 are provided in

Appendix L.

The TCE mass totals calculated for June 2004 and August 2018 indicate a 98% reduction of TCE
mass dissolved in groundwater from 89.5 pounds to 1.4 pounds over a period of 14 years and two
months. Linking the groundwater volume in storage in August 2018 with the TCE mass dissolved
in groundwater shows that the average concentration of TCE in groundwater within the plume in
August 2018 was 1.6 pg/L. Therefore, in addition to a reduction of 98% in the dissolved TCE mass
in groundwater since 2004, a reduction of 98% has been achieved for the average TCE
concentration in the plume compared to the average concentration in 2004 (79.5 pg/L). The
average TCE concentration in the plume increased slightly from 1.1 pg/L in 2017 to 1.6 pg/L in
2018.
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6.5 Status of Plume Reduction in Operable Unit No. 4

In 2010, IBM successfully completed remediation of the PCE soil contamination at the former Ideal
Cleaners property using In-Situ Thermal Desorption (ISTD) treatment. Following thermal
treatment of the former PCE source area, the ethene series constituents remaining in OU#4 were
limited to a narrow groundwater plume area. NYSDEC subsequently issued a ROD for OU#4 in
November 2010 and selected “No Further Action” as a remedy, contingent on the continued
operation of Upper Aquifer groundwater plume remediation systems (groundwater extraction and
treatment systems) and vapor intrusion mitigation systems. Since the source removal by ISTD,
groundwater concentrations and the extent of the narrow ethene-series plume in the Upper Aquifer
in OU#4 have rapidly declined by natural attenuation processes. Due to the decline in the
concentrations and lateral extent of the ethane series plume constituents, NYSDEC has approved
the shutdown of the groundwater extraction systems that maintained containment of the former

OU#4 plume area.

Time versus concentration graphs for ethene-series compounds in key OU#4 monitoring wells with
analytical data through August 2018 (November 2018 for well EN-387A) are shown on Plate 6-3.
Concentration trends in downgradient monitoring wells EN-80 and EN-381 indicate attainment of
the NYSGQS (5 pg/L for PCE, TCE and ¢12-DCE, and 2 pg/L for VC) for all four ethene-series
compounds. Concentration trends in downgradient monitoring well EN-394 indicate attainment of
the NYSGQS for all ethene-series compounds except for VC, which slightly exceeded the
NYSGQS in 2018. Concentration trends in source area wells EN-527 and EN-528 indicate
attainment of the NYSGQS for all four ethene-series compounds except at EN-527 in May 2018,
when c12-DCE only slightly exceeded the NYSGQS. Concentration trends at downgradient well
EN-387A suggest that the time to achieve attainment of the NYSGQS for c12-DCE and VC may

extend beyond the proposed ten-year monitoring period at that location.

6.6  Status of Remediation at Operable Unit No. 5

Remedial activities during 2018 within OU#5 consisted of continued groundwater extraction and
treatment of groundwater from well EN-709 together with routine groundwater monitoring. Six
years of groundwater monitoring have been performed since the September 2012 completion of an

Interim Remedial Measure (IRM) involving in-situ thermal treatment (ISTT). Based on the success
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of the ISTT IRM, NYSDEC issued a ROD for OU#5 on March 30, 2016 and selected “No Further
Action” as the remedy, contingent on continued operation of the interim remedial measures:
hydraulic containment by pumping from well EN-709 supported by routine groundwater monitoring

and vapor intrusion mitigation of nearby off-Site structures.

The ISTT IRM reduced VOC concentrations in soil and groundwater within the treatment zones by
several orders of magnitude. Chlorofluorocarbons (CFCs) remain in bedrock below one of the
treatment zones (the CFC Area) and are being captured by extraction well EN-709. As discussed in
Section 5.2.1, isoconcentration maps for each chemical of concern in August 2018 at OU#5 are
presented on Plate 5-10 with the apparent limits of hydraulic capture by extraction well EN-709

shown by a dashed orange line.

6.7  Status of Remediation in Operable Unit No. 6 (Bedrock Aquifer)

NYSDEC issued a ROD for Operable Unit No. 6 on March 26, 2009 and selected “No Further
Action” as the remedy, contingent on continued operation and maintenance of bedrock extraction
well EN-D49, and on monitoring of groundwater in the bedrock aquifer. Operation of bedrock
extraction well EN-D49 continues to maintain hydraulic capture beyond the apparent limits of VOC
presence in bedrock. The VOC mass extracted from the bedrock aquifer by extraction well EN-D49
in 2018 (23.5 pounds) was within the range of VOC mass extracted annually (22 to 29 pounds)
since the first full year of extraction at EN-D49 in 2007. Since 2007, more than 80% of the total
VOC mass removed by EN-D49 consists of c12-DCE and VC.

6.8 Status of Remediation at Operable Unit No. 7

Extraction well EN-154R and its predecessor EN-154 operated for roughly three decades, providing
containment and removal of dissolved VOCs in Upper Aquifer groundwater within and near the
OU#7 portion of the Site. In 2013, a hydrogeologic assessment and chemical concentration trend
analysis of EN-154/154R groundwater extraction data and OU#7 groundwater monitoring data
indicated that although the first two decades of extraction operations had resulted in significant
decreases in VOC concentrations, the most recent decade of operations had not resulted in further
meaningful decreases in VOC concentrations. The findings of that review supported the conclusion

that continued groundwater extraction operations at EN-154R were unlikely to provide additional

Combined Groundwater Report for 2018, Endicott, New York April 8, 2019

GROUNDWATER SCIENCES, P.C.
GROUNDWATER SCIENCES CORPORATION



52

remedial progress beyond the natural attenuation processes that are occurring. Based on those
findings, IBM proposed a shutdown test of extraction well EN-154R, combined with additional
groundwater monitoring, to confirm that groundwater monitoring of natural attenuation processes
would serve as an appropriate remedial alternative to address the remaining low concentrations of
VOCs in the OU#7 Upper Aquifer groundwater. The shutdown test consisted of a program of
groundwater monitoring before and after shutdown of groundwater withdrawals from EN-154R.
The shutdown test was performed by GSC in accordance with a November 11, 2013 shutdown
request letter from IBM to the NYSDEC, approved by the NYSDEC and the NYSDOH on
December 31, 2013.

After more than three years of quarterly post-shutdown monitoring, a report presenting the findings
of the shutdown test of extraction well EN-154R was submitted to the NYSDEC and NYSDOH on
August 14, 2017. The report concluded that the pre- and post-shutdown test groundwater
monitoring data confirmed the results of the 2013 hydrogeologic assessment and that a trend
analysis inferred that terminating groundwater withdrawals from EN-154R would not result in

meaningful impacts to Upper Aquifer groundwater downgradient from OU#7.

In light of these conclusions, GSC recommended the permanent shutdown of EN-154R and related
treatment activities at the Robble Avenue GTF because it would have the greatest net benefit to the
environment with the least direct, indirect and life-cycle impacts in addition to having no
meaningful effects that would constitute a threat to public health and the environment. A Record of
Decision describing NYSDEC’s selected remedy of monitored natural attenuation for OU#7 was
subsequently issued in March 2018. In July 2018, extraction wells EN-154R and EN-218 were

decommissioned along with the Robble Avenue GTF.

6.9 Summary of VOC Mass Removed by Pumping Site-Wide in 2018

From January 1, 2018 through December 31, 2018, the groundwater extraction wells removed 2,232
pounds of VOCs from 167.7 MG of pumped groundwater. The monthly flows, together with
chemical concentrations for each extraction well were used to calculate the mass of VOCs removed
by pumping. The monthly VOC concentrations and calculated mass removed at each extraction

well are tabulated in Appendix A.
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Almost 97 percent of the total VOC mass removed, or 2,159 pounds, was recovered by as many as
five Upper Aquifer extraction wells operating in the Railroad Corridor Source Area (OU#1).
Outside of OU#1, the other three percent of the total VOC mass removed in 2018 came from other
operable units and from OSCZ-A (MA-A). About 35 pounds of VOCs were recovered by
extraction wells EN-276, EN-276R, and EN-284P in the North Street Area (OU#2) and about three
pounds of VOCs were recovered from as many as seven Upper Aquifer extraction wells that
operated in the OU#3/MA-A former off-Site plume area. Approximately 12 pounds were recovered
from extraction well EN-709 in the Building 57 Area (OU#5) and bedrock extraction well EN-D49
(OU#6) recovered nearly 24 pounds of VOCs.

With regard to chemical speciation of the principal VOCs, 78 percent of the total VOC mass
removed in 2018 consisted of 111-TCA and its daughter products 11-DCA, 11-DCE and CEA.
TCE and its daughter products c12-DCE and vinyl chloride comprised 20 percent of the total VOC
mass removed in 2018. PCE was 0.2 percent of the total VOC mass recovered in 2018 and 1.5

percent consisted of Freon 113 and Freon 123a.
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MAP EXPLANATION

Outwash sand and gravel, overyling lacustrine rhythmites, chiefly gray silt but interbedded with
thin weak clay layers that are regularly spaced and may constitute about 5% of the thickness.

Outwash sand and gravel, overlying lacustrine sediment described predominantly as fine or
medium to fine sand to silty fine sand.

Outwash sand and gravel, may grade down to a little fine sand or silt, overlying till.
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Outwash sand and gravel, overlying lacustrine sediment described predominantly as medium to 806: 7
fine sand or silty fine sand, in part interlayered with numerous very thin, commonly discontinuous A - Upper Aquifer Monitoring Well v - Bedrock Monitoring Well 806/ ) Plate 2-1
layers of weak red clay. The clay layers apparently increase in thickness and/or abundance with o . . 805
depth. The sand may grade down into silt interbedded with weak red clay. A - Other Momtormg Well 2 Decommlssmneq Bedrock Momtormg Well \ Former IBM Endl'cott Site
) o ) . ook g X A - Decommissioned Upper Aquifer Monitoring Well @® - Bedrock Extraction Well Site #704014
acustrine unit generally absent in deepest part of an ice-block depression; outwash is A P . . _ ///
downwarped and generally overlain by postglacial peat and/or organic-rich silt and fine sand. ~ - Other Decc?mm|33|on§d Momtormg Well ® HUi’Oﬂ S'Upply Well _—
. o _ _ o % - Upper Aquifer Extraction Well e - Soil Boring _—
:;z:frt‘glrzaﬁizitallati\;iaésgtn\;vgr organic matter, commonly gravelly at the base, possibly deposited in a * - Inactive Upper Aquifer Extraction Well === § ] ()=== - Top of Silt Elevation Contour (feet amsl) ¢ Lacustrine Unit Top of Silt Contours
. S _ . . 7 - Decommissioned Extraction Well (Dashed Where Inferred) \ and Lithologic Variation
Orgeinlc-nc_h post_glamal sediments ove:erlle fine s_an(_i to silt that may a_lso l?e _postglamal or may be 7 - Inactive Upper Aquifer Injection Well 808.9 - Top of Silt Elevation (feet amsl)
stratigraphic equivalents of the lacustrine deposits in A and B; deposited in ice-block depression. . ) .
m - Lower Aquifer Monitoring Well DRAWN BY: JPB/MHM | DATE: 4/3/19 DRAWING NO.
Valley wall; chiefly till or colluvium derived from till. i - lce Contact/Till Monitoring Well P Scale CHECKED & APPROVED BY: SMF/RCW 22007-317-01
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APPENDIX A

Table A-1: Pumping Volumes for Groundwater Extraction
and Injection Wells, 2018

Table A-2: Mass Removal Data for Volatile Organic Compounds, 2018

Combined Groundwater Report for 2018, Endicott, New York April 8, 2019
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Table A-1: Groundwater Extraction Volumes (gallons)

Endicott, New York - Site #704014

January 2018 to December 2018

Period OU#1/0OU#2 - Northern Capture Zone OU#2/MA-A - Southern Capture Zone
from to EN-107R EN-114T EN-219R EN-253R EN-428 EN-276R EN-276 EN-284P
1-Jan-18 31-Jan-18 26,603 1,750,177 982,462 12,064 16,934 98,053 115,297 1,375,824
1-Feb-18 28-Feb-18 34,054 1,375,237 947,773 10,343 37,629 119,101 126,115 918,912
1-Mar-18 31-Mar-18 56,972 1,315,762 1,050,766 14,317 48,512 213,773 157,607 1,022,293
1-Apr-18 30-Apr-18 57,635 1,258,529 1,010,112 12,998 36,075 242,182 152,185 1,026,302
1-May-18 31-May-18 43,609 1,200,008 784,195 17,634 18,244 207,531 132,443 962,392
1-Jun-18 30-Jun-18 - 1,309,706 867,154 15,319 15,460 188,794 115,931 894,004
1-Jul-18 31-Jul-18 - 1,268,428 908,728 19,035 36,652 178,941 137,813 920,871
1-Aug-18 31-Aug-18 - 1,959,437 1,118,211 35,622 32,869 214,904 204,906 1,141,556
1-Sep-18 30-Sep-18 - 1,735,012 1,247,607 24,446 27,667 217,430 220,564 1,353,993
1-Oct-18 31-Oct-18 - 2,096,143 862,544 11,415 38,188 201,738 218,593 1,580,035
1-Nov-18 30-Nov-18 - 2,533,269 773,257 9,564 38,477 155,666 174,357 1,571,588
1-Dec-18 31-Dec-18 - 2,920,581 1,190,178 21,975 6,284 173,695 172,404 1,749,018
12-Month Volume (gal) 218,873 20,722,289 11,742,987 204,732 352,991 2,211,808 1,928,215 14,516,788
*Average Rate (gpm) 1.0 39.4 22.3 0.4 0.7 4.2 3.7 27.6
Period Former Offsite Plume Capture Area OU#5 OU#6
from to EN-091T EN-133 EN-194 EN-215T EN-447T EN-451P EN-491T EN-709 EN-D49
1-Jan-18 31-Jan-18 121,475 3,598,889 500,005 2,886,944 6,399,420 28,103 649,810 326,310 1,111,815
1-Feb-18 28-Feb-18 - 2,520,743 217,879 1,864,787 5,702,320 - 400,562 308,293 1,003,752
1-Mar-18 31-Mar-18 - 2,758,941 91,668 1,547,767 6,198,792 - 370,479 306,095 1,109,839
1-Apr-18 30-Apr-18 - 2,590,302 - 1,308,509 5,458,663 - 586,906 376,740 1,064,237
1-May-18 31-May-18 - 2,291,402 - 1,272,708 4,706,614 - 617,827 394,885 1,081,408
1-Jun-18 30-Jun-18 - - - 1,056,358 4,451,565 - 446,857 374,958 1,065,013
1-Jul-18 31-Jul-18 - - - - 5,297,360 - 639,188 379,101 1,075,683
1-Aug-18 31-Aug-18 - - - - 5,548,414 - 611,207 365,388 1,086,425
1-Sep-18 30-Sep-18 - - - - 5,545,279 - 436,913 337,576 994,269
1-Oct-18 31-Oct-18 - - - - 6,217,703 - 412,232 437,000 1,054,102
1-Nov-18 30-Nov-18 - - - - 6,249,112 - 354,963 436,494 1,076,341
1-Dec-18 31-Dec-18 - - - - 6,455,067 - 395,844 387,074 855,887
12-Month Volume (gal) 121,475 13,760,277 809,552 9,937,073 | 68,230,309 28,103 5,922,788 4,429,914 12,578,771
*Average Rate (gpm) 2.7 63.3 9.5 45.7 129.8 0.6 11.3 8.4 23.9

* Average Rate is based on full months of pumping only.

Volume Extracted from January 1, 2018 through December 31, 2018:

Clark Street GTF 37,452,913 Upper Aquifer Extraction Wells EN-219R, EN-253R, EN-428, EN-709, EN-114T
Huron OTF 218,873 Upper Aquifer Extraction Well EN-107R
Garfield Avenue GTF 29,403,436 Upper Aquifer Extraction Wells EN-194, EN-215T, EN-276, EN-276R, EN-284P
Jefferson Avenue GTF 13,909,855 Upper Aquifer Extraction Wells EN-91T, EN-133, EN-451P
Adams Avenue GTF 74,153,097 Upper Aquifer Extraction Wells EN-447T, EN-491T
Adams Avenue GTF 12,578,771 Bedrock Extraction Well EN-D49
Total 167,716,945 gallons (all wells)

GROUNDWATER SCIENCES CORPORATION

4/8/2019



Table A-2: Mass Removal Data for Volatile Organic Compounds
Endicott, New York - Site #704014
January 2018 to December 2018

Chemical Concentrations (ug/l) Pounds of Chemicals Removed
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EN-091T | Jan-18 0.5 15 0.5 0.0 0.6 03 0.0 0.0 0.0 0.0 0.0 121,475 0.00 0.00 0.00] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00[ Jan-18 | EN-091T | 0.0
Feb-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Feb-18
Mar-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00[ Mar-18
w Apr-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.00[ Apr-18 w
G May-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| May-18 G
g Jun-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Jun-18 g
< Jul-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.00| Jul-18 <
2 Aug-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Aug-18 2
% Sep-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Sep-18 :{_3
= Oct-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.00| Oct-18 =
Nov-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Nov-18
Dec-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Dec-18
EN-133 | Jan-18 1.2 0.6 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 3,598,889 0.04 0.02 0.00] 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00[ 0.06| Jan-18 | EN-133 0.3
Feb-18 1.5 0.9 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 2,520,743 0.03 0.02 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.05| Feb-18
Mar-18 1.5 0.8 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 2,758,941 0.03 0.02 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.06| Mar-18
w Apr-18 2.0 1.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 2,590,302 0.04 0.02 0.00[ 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.07| Apr-18 w
G May-18 1.6 0.9 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 2,291,402 0.03 0.02 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.05| May-18 G
g Jun-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Jun-18 g
< Jul-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.00| Jul-18 <
2 Aug-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Aug-18 2
% Sep-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Sep-18 %
= Oct-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.00| Oct-18 =
Nov-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Nov-18
Dec-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Dec-18
EN-451P | Jan-18 0.7 1.0 0.4 0.0 0.7 0.3 0.0 0.0 0.0 0.0 0.0 28,103 0.00 0.00 0.00] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00]  0.00| Jan-18 | EN-451P | 0.0
Feb-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Feb-18
Mar-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00[ Mar-18
w Apr-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.00[ Apr-18 w
5 May-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00] May-18 5
g Jun-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00[ Jun-18 g
< Jul-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.00[ Jul-18 <
2 Aug-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Aug-18 a
% Sep-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Sep-18 :{_3
= Oct-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Oct-18 =
Nov-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00] Nov-18
Dec-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Dec-18
EN-194 | Jan-18 0.5 1.6 0.4 0.0 0.6 0.3 0.0 0.0 0.0 0.0 0.0 500,005 0.00 0.01 0.00] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.01| Jan-18 | EN-194 0.0
Feb-18 0.6 1.6 0.9 0.0 0.7 0.5 0.0 0.0 0.0 0.0 0.0 217,879 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.01| Feb-18
Mar-18 0.9 2.1 1.1 0.0 0.8 0.7 0.0 0.0 0.0 0.0 0.0 91,668 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00[ Mar-18
" Apr-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00[ Apr-18 "
5 May-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00] May-18 5
@ Jun-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00[ Jun-18 ¢
_<U Jul-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00[ Jul-18 _‘é
o) Aug-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Aug-18 ]
5 Sep-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Sep-18 5
© Oct-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.00| Oct-18 ©
Nov-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00] Nov-18
Dec-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Dec-18
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Table A-2: Mass Removal Data for Volatile Organic Compounds
Endicott, New York - Site #704014

January 2018 to December 2018

Chemical Concentrations (ug/l) Pounds of Chemicals Removed
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EN-215T | Jan-18 0.3 1.0 0.2 0.0 0.5 0.1 0.0 0.0 0.0 0.0 0.0 2,886,944 0.01 0.02 0.00] 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00| 0.05| Jan-18 | EN-215T | 0.2
Feb-18 0.2 1.2 0.2 0.0 0.6 0.1 0.0 0.0 0.0 0.0 0.0 1,864,787 0.00 0.02 0.00[ 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00|  0.04| Feb-18
Mar-18 0.2 13 0.2 0.0 0.7 0.1 0.0 0.0 0.0 0.0 0.0 1,547,767 0.00 0.02 0.00[ 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00[  0.03] Mar-18
" Apr-18 0.2 1.7 03 0.0 0.9 0.2 0.0 0.0 0.0 0.0 0.0 1,308,509 0.00 0.02 0.00[ 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00[  0.04| Apr-18 "
5 May-18 0.2 1.7 0.4 0.0 0.8 0.2 0.0 0.0 0.0 0.0 0.0 1,272,708 0.00 0.02 0.00[ 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00[  0.04| May-18 5
@ Jun-18 0.2 1.7 0.5 0.0 0.8 03 0.0 0.0 0.0 0.0 0.0 1,056,358 0.00 0.01 0.00[ 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00[  0.03| Jun-18 ¢
_<u Jul-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.00[ Jul-18 _‘é
° Aug-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00[ Aug-18 o]
H Sep-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00|  0.00] Sep-18 s
© Oct-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.00| Oct-18 ©
Nov-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00] Nov-18
Dec-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Dec-18
EN-276R | Jan-18 12.0 190.0 91.0 0.0 77.0 100.0 16.0 0.0 43 0.0 1.9 98,053 0.01 0.16 0.07] 0.00 0.06 0.08 0.01 0.00 0.00 0.00 0.00|  0.40| Jan-18 | EN-276R | 5.6
Feb-18 24.0 95.0 69.0 03 42.0 63.0 13.0 0.0 27.0 1.7 1.1 119,101 0.02 0.09 0.07] 0.00 0.04 0.06 0.01 0.00 0.03 0.00 0.00[  0.33| Feb-18
Mar-18 36.0 63.0 42.0 0.2 24.0 32.0 8.7 0.0 88.0 1.4 0.9 213,773 0.06 0.11 0.07] 0.00 0.04 0.06 0.02 0.00 0.16 0.00 0.00[  0.53] Mar-18
" Apr-18 58.0 110.0 50.0 0.0 33.0 40.0 6.7 0.0 170.0 13 1.1 242,182 0.12 0.22 0.10] 0.00 0.07 0.08 0.01 0.00 0.34 0.00 0.00 0.95| Apr-18 "
5 May-18 56.0 130.0 39.0 0.0 22.0 33.0 4.2 0.0 70.0 0.7 0.9 207,531 0.10 0.23 0.07] 0.00 0.04 0.06 0.01 0.00 0.12 0.00 0.00  0.62| May-18 5
@ Jun-18 40.0 110.0 44.0 0.0 25.0 43.0 5.8 0.0 23.0 0.7 1.0 188,794 0.06 0.17 0.07] 0.00 0.04 0.07 0.01 0.00 0.04 0.00 0.00[  0.46| Jun-18 ¢
_<° Jul-18 35.0 120.0 51.0 0.0 29.0 48.0 7.5 0.0 18.0 0.8 1.1 178,941 0.05 0.18 0.08] 0.00 0.04 0.07 0.01 0.00 0.03 0.00 0.00[  0.46| Jul-18 _‘é
e} Aug-18 27.0 82.0 37.0 0.0 19.0 31.0 4.4 0.0 36.0 0.7 0.9 214,904 0.05 0.15 0.07] 0.00 0.03 0.06 0.01 0.00 0.06 0.00 0.00[  0.43] Aug-18 o
S Sep-18 16.0 150.0 30.0 0.0 22.0 22.0 2.7 0.0 4.6 0.4 0.8 217,430 0.03 0.27 0.05] 0.00 0.04 0.04 0.00 0.00 0.01 0.00 0.00|  0.45| sep-18 @
© Oct-18 13.0 110.0 30.0 0.0 20.0 25.0 2.8 0.0 2.4 0.4 0.9 201,738 0.02 0.19 0.05] 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.00[  0.34] Oct-18 ©
Nov-18 13.0 120.0 35.0 0.0 28.0 32.0 3.7 0.0 2.0 0.4 1.2 155,666 0.02 0.16 0.05] 0.00 0.04 0.04 0.00 0.00 0.00 0.00 0.00[  0.31] Nov-18
Dec-18 12.0 82.0 40.0 0.0 32.0 39.0 4.4 0.0 1.7 0.5 13 173,695 0.02 0.12 0.06] 0.00 0.05 0.06 0.01 0.00 0.00 0.00 0.00[  0.31| Dec-18
EN-276 | Jan-18 79.0 11.0 8.3 0.5 3.8 2.7 1.2 0.0 82.0 1.4 0.0 115,297 0.08 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00[ 0.18| Jan-18 | EN-276 2.2
Feb-18 67.0 11.0 8.0 0.5 2.6 2.2 0.9 0.0 43.0 0.9 0.0 126,115 0.07 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00|  0.14| Feb-18
Mar-18 29.0 6.8 6.5 03 15 13 0.4 0.0 47 0.4 0.0 157,607 0.04 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00  0.07| Mar-18
" Apr-18 23.0 7.2 7.0 0.5 1.6 0.9 03 0.0 4.9 0.4 0.0 152,185 0.03 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00[  0.06| Apr-18 "
5 May-18 23.0 6.0 5.7 03 1.2 0.8 03 0.0 6.6 0.4 0.0 132,443 0.03 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00  0.05] May-18 5
@ Jun-18 45.0 7.6 5.5 0.3 1.9 1.2 0.8 0.0 84.0 0.9 0.0 115,931 0.04 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.14 Jun-18 ¢
_<u Jul-18 60.0 9.2 6.3 0.3 2.1 13 0.8 0.0 110.0 1.0 0.0 137,813 0.07 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.22| Jul-18 _‘é
° Aug-18 61.0 7.8 5.1 03 1.7 1.1 0.6 0.0 80.0 0.7 0.0 204,906 0.10 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00[ 0.27| Aug-18 ]
H Sep-18 76.0 9.3 3.9 0.2 3.7 1.0 0.9 0.0 110.0 1.0 0.0 220,564 0.14 0.02 0.01] 0.00 0.01 0.00 0.00 0.00 0.20 0.00 0.00]  0.38] sep-18 s
© Oct-18 50.0 9.2 4.2 0.2 2.9 1.0 0.8 0.0 71.0 1.0 0.0 218,593 0.09 0.02 0.01] 0.00 0.01 0.00 0.00 0.00 0.13 0.00 0.00 0.26] Oct-18 ©
Nov-18 68.0 9.4 5.6 0.3 3.6 2.2 0.9 0.0 72.0 0.9 0.2 174,357 0.10 0.01 0.01] 0.00 0.01 0.00 0.00 0.00 0.10 0.00 0.00[  0.24] Nov-18
Dec-18 50.0 7.8 6.2 0.4 3.5 2.6 0.9 0.0 50.0 0.9 0.1 172,404 0.07 0.01 0.01] 0.00 0.01 0.00 0.00 0.00 0.07 0.00 0.00[  0.18| Dec-18
EN-284P | Jan-18 2.0 27.0 23.0 0.0 14.0 21.0 3.4 0.0 0.5 0.2 0.2 1,375,824 0.02 0.31 0.26]  0.00 0.16 0.24 0.04 0.00 0.01 0.00 0.00|  1.05| Jan-18 | EN-284P | 26.9
Feb-18 2.5 45.0 39.0 0.0 22.0 34.0 6.3 0.0 0.8 0.3 0.4 918,912 0.02 0.35 030 0.00 0.17 0.26 0.05 0.00 0.01 0.00 0.00 1.15| Feb-18
Mar-18 2.9 57.0 57.0 0.0 26.0 48.0 7.7 0.0 0.8 0.4 0.6 1,022,293 0.02 0.49 0.49]  0.00 0.22 0.41 0.07 0.00 0.01 0.00 0.0l 1.71] Mar-18
" Apr-18 2.7 74.0 96.0 0.0 40.0 74.0 11.0 0.0 13 0.7 1.1 1,026,302 0.02 0.63 0.82 0.00 0.34 0.63 0.09 0.00 0.01 0.01 0.0l  2.58| Apr-18 "
5 May-18 2.4 74.0 85.0 0.0 28.0 58.0 8.0 0.0 0.8 0.6 1.1 962,392 0.02 0.59 0.68] 0.00 0.23 0.47 0.06 0.00 0.01 0.00 0.0l  2.07| May-18 5
@ Jun-18 2.6 82.0 94.0 0.0 27.0 60.0 8.6 0.0 0.8 0.6 1.2 894,004 0.02 0.61 070  0.00 0.20 0.45 0.06 0.00 0.01 0.00 0.0l  2.07| Jun-18 @
_<° Jul-18 2.8 89.0 96.0 0.0 27.0 58.0 9.4 0.0 0.9 0.7 0.8 920,871 0.02 0.68 0.74]  0.00 0.21 0.45 0.07 0.00 0.01 0.01 0.0l  2.19] Jul-18 _‘é
e} Aug-18 2.6 71.0 83.0 0.0 21.0 48.0 7.5 0.0 0.6 0.6 1.0 1,141,556 0.02 0.68 0.79] 0.00 0.20 0.46 0.07 0.00 0.01 0.01 0.0l  2.24] Aug-18 2
S Sep-18 2.5 70.0 61.0 0.0 20.0 48.0 5.8 0.0 0.6 0.6 1.0 1,353,993 0.03 0.79 0.69] 0.00 0.23 0.54 0.07 0.00 0.01 0.01 0.01]  2.37| sep-18 @
© Oct-18 2.4 71.0 67.0 0.0 18.0 49.0 5.7 0.0 0.5 0.5 1.0 1,580,035 0.03 0.94 0.88] 0.00 0.24 0.65 0.08 0.00 0.01 0.01 0.01]  2.84| Oct-18 ©
Nov-18 3.0 77.0 74.0 0.0 19.0 48.0 5.5 0.0 0.5 0.4 0.9 1,571,588 0.04 1.01 097 0.00 0.25 0.63 0.07 0.00 0.01 0.01 0.01]  3.00[ Nov-18
Dec-18 3.2 74.0 83.0 0.0 21.0 60.0 5.6 0.0 0.6 0.4 0.8 1,749,018 0.05 1.08 121  0.00 0.31 0.88 0.08 0.00 0.01 0.01 0.01]  3.63| Dec-18
GROUNDWATER SCIENCES CORPORATION 4/8/2019 Page 2 of 5




Table A-2: Mass Removal Data for Volatile Organic Compounds
Endicott, New York - Site #704014

January 2018 to December 2018

Chemical Concentrations (ug/l) Pounds of Chemicals Removed
2 o . o o , - N
5 3 £ g 3 8 E £ . |28 |T8 £t £ g s | 2| % | % . |28 [T8 E | 3| § |58
8 i s | 5 | 5 | § | 2 g g 5 25|58 o e 2 8 i s | 3| 2 | % 2 5 257|258 9 |s_| 3| §E |298
S a 2 ° 8 £ 2 £ £ £ |2gd|2e8| o E & S ° - . 2 £ £ E g8d|s89| ¢ |og| *© s Bz
Sl 2| S| S 5| 8| 8| f |nEE|Esy @ | o2 Sl 2| Y 25| 8| 8 | § |REEl833| :|3f
8 | & | 3 | F |4 | 4 | 4 | 2 |HEEISEE| 2 5 e | 3 | 4] A ] 4| 2 |AEEISEE) £ |82 2
EN-447T | Jan-18 1.6 0.8 0.1 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 6,399,420 0.09 0.04 0.01] 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00| 0.15| Jan-18 | EN-447T | 1.9
Feb-18 1.6 0.8 0.2 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 5,702,320 0.08 0.04 0.01] 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00[ 0.15| Feb-18
Mar-18 1.9 1.1 0.2 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 6,198,792 0.10 0.06 0.01] 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00[  0.20[ Mar-18
Apr-18 1.6 1.0 0.2 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 5,458,663 0.07 0.05 0.01] 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.15] Apr-18
E May-18 1.6 0.8 0.2 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 4,706,614 0.06 0.03 0.01] 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00  0.13] May-18 E
@ Jun-18 15 1.0 0.2 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 4,451,565 0.06 0.04 0.01] 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.12[ Jun-18 o
< Jul-18 1.6 1.1 0.2 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 5,297,360 0.07 0.05 0.01] 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00[  0.15] Jul-18 <
£ Aug-18 15 1.1 0.2 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 5,548,414 0.07 0.05 0.01] 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00  0.15] Aug-18 £
'§ Sep-18 1.4 1.0 0.2 0.0 0.6 0.1 0.0 0.0 0.0 0.0 0.0 5,545,279 0.06 0.05 0.01] 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00[ 0.15| Sep-18 ﬁ
Oct-18 13 1.0 0.2 0.0 0.5 0.1 0.0 0.0 0.0 0.0 0.0 6,217,703 0.07 0.05 0.01] 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.16] Oct-18
Nov-18 15 1.1 0.2 0.0 0.6 0.1 0.0 0.0 0.0 0.0 0.0 6,249,112 0.08 0.06 0.01] 0.00 0.03 0.01 0.00 0.00 0.00 0.00 0.00[  0.18] Nov-18
Dec-18 15 1.1 0.3 0.0 0.6 0.1 0.0 0.0 0.0 0.0 0.0 6,455,067 0.08 0.06 0.02] 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00[  0.19| Dec-18
EN-491T | Jan-18 3.8 1.2 0.7 0.0 0.8 0.2 0.0 0.0 0.0 0.0 0.0 649,810 0.02 0.01 0.00] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00|  0.04| Jan-18 | EN-491T | 0.4
Feb-18 3.2 13 1.1 0.2 0.7 03 0.0 0.0 0.0 0.0 0.0 400,562 0.01 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.02| Feb-18
Mar-18 3.4 1.6 1.1 0.2 0.7 0.3 0.0 0.0 0.0 0.0 0.0 370,479 0.01 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.02| Mar-18
Apr-18 33 1.8 1.2 03 0.7 03 0.0 0.0 0.0 0.0 0.0 586,906 0.02 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[ 0.04| Apr-18
E May-18 3.0 2.2 1.2 0.2 0.6 0.2 0.0 0.0 0.0 0.0 0.0 617,827 0.02 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.04| May-18 E
@ Jun-18 3.0 2.2 1.1 0.2 0.5 0.2 0.0 0.0 0.0 0.0 0.0 446,857 0.01 0.01 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.03[ Jun-18 @
< Jul-18 3.2 2.2 1.4 0.1 0.5 0.2 0.0 0.0 0.0 0.0 0.0 639,188 0.02 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.04] Jul-18 <
£ Aug-18 3.0 2.1 1.2 0.1 0.4 0.2 0.0 0.0 0.0 0.0 0.0 611,207 0.02 0.01 0.01] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.04] Aug-18 £
'§ Sep-18 3.7 1.8 0.8 0.0 0.4 0.1 0.0 0.0 0.0 0.0 0.0 436,913 0.01 0.01 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.02| Sep-18 ﬁ
Oct-18 33 1.7 0.9 0.0 03 0.1 0.0 0.0 0.0 0.0 0.0 412,232 0.01 0.01 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.02| Oct-18
Nov-18 4.8 1.8 1.0 0.0 0.5 0.2 0.0 0.0 0.0 0.1 0.0 354,963 0.01 0.01 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.02| Nov-18
Dec-18 5.5 1.9 1.1 0.0 0.5 0.2 0.0 0.0 0.0 0.0 0.0 395,844 0.02 0.01 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.03| Dec-18
EN-D49 | Jan-18 0.0 1.0 160.0 46.0 0.0 43 2.7 1.6 0.0 0.0 0.9 1,111,815 0.00 0.01 1.49] 043 0.00 0.04 0.03 0.01 0.00 0.00 0.0l  2.01| Jan-18 | EN-D49 | 23.5
Feb-18 0.0 1.1 140.0 41.0 0.4 4.1 3.5 15 0.5 0.6 0.4 1,003,752 0.00 0.01 117 o034 0.00 0.03 0.03 0.01 0.00 0.01 0.00|  1.62| Feb-18
Mar-18 0.0 0.9 150.0 36.0 0.4 3.8 2.7 1.1 0.0 0.4 1.0 1,109,839 0.00 0.01 139 033 0.00 0.04 0.03 0.01 0.00 0.00 0.0l 1.82[ Mar-18
Apr-18 0.0 1.1 190.0 58.0 0.5 4.6 3.0 1.6 0.4 0.6 0.9 1,064,237 0.00 0.01 1.69] 052 0.00 0.04 0.03 0.01 0.00 0.01 0.01[  2.32| Apr-18
E May-18 0.0 1.1 160.0 38.0 0.4 43 2.3 13 0.0 0.4 13 1,081,408 0.00 0.01 1.44] 034 0.00 0.04 0.02 0.01 0.00 0.00 0.0l  1.89 May-18 E
@ Jun-18 0.0 1.1 180.0 42.0 0.4 4.4 2.7 13 0.0 0.5 1.1 1,065,013 0.00 0.01 1.60] 037 0.00 0.04 0.02 0.01 0.00 0.00 0.0l  2.08| Jun-18 o
< Jul-18 0.0 1.2 190.0 49.0 0.4 47 33 1.4 0.4 0.6 0.7 1,075,683 0.00 0.01 171 o044 0.00 0.04 0.03 0.01 0.00 0.01 0.0l  2.26] Jul-18 <
£ Aug-18 0.0 1.1 170.0 40.0 0.4 4.4 2.7 1.4 0.0 0.5 0.8 1,086,425 0.00 0.01 1.54] 036 0.00 0.04 0.02 0.01 0.00 0.00 0.01f  2.01] Aug-18 £
'§ Sep-18 0.0 0.9 160.0 43.0 0.4 3.9 2.5 13 0.3 0.5 15 994,269 0.00 0.01 133 036 0.00 0.03 0.02 0.01 0.00 0.00 0.0l  1.78| sep-18 ﬁ
Oct-18 0.0 1.1 170.0 38.0 0.4 5.0 3.7 1.2 0.6 0.7 0.7 1,054,102 0.00 0.01 1.50] 033 0.00 0.04 0.03 0.01 0.01 0.01 0.01] 1.95] Oct-18
Nov-18 0.0 1.0 170.0 45.0 0.4 4.6 3.8 1.2 0.6 0.7 0.6 1,076,341 0.00 0.01 153  0.40 0.00 0.04 0.03 0.01 0.01 0.01 0.01]  2.05| Nov-18
Dec-18 0.0 1.2 180.0 50.0 0.2 3.5 3.0 1.2 03 0.5 1.1 855,887 0.00 0.01 1.29] 036 0.00 0.03 0.02 0.01 0.00 0.00 0.0l  1.72| Dec-18
EN-107R | Jan-18 | 390.0 55.0 32000 | 180.0 53.0 0.0 11.0 0.0 190.0 0.0 150.0 26,603 0.09 0.01 071  0.04 0.01 0.00 0.00 0.00 0.04 0.00 0.03| 0.94| Jan-18 | EN-107R | 3.2
Feb-18 | 730.0 76.0 2600.0 | 150.0 41.0 0.0 0.0 0.0 190.0 0.0 256.0 34,054 0.21 0.02 074  0.04 0.01 0.00 0.00 0.00 0.05 0.00 0.07]]  1.15| Feb-18
Mar-18 | 230.0 24.0 830.0 56.0 15.0 0.0 2.9 0.0 69.0 0.0 84.0 56,972 0.11 0.01 039 0.03 0.01 0.00 0.00 0.00 0.03 0.00 0.04( 0.62| Mar-18
Apr-18 56.0 7.1 470.0 50.0 11.0 0.0 13 0.0 38.0 0.0 55.0 57,635 0.03 0.00 023 o0.02 0.01 0.00 0.00 0.00 0.02 0.00 0.03 0.33] Apr-18
" May-18 | 42.0 6.6 390.0 34.0 8.9 0.0 15 0.0 30.0 0.0 20.1 43,609 0.02 0.00 0.14] o.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01]  0.19] May-18 "
5 Jun-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00[ Jun-18 5
s Jul-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00[ Jul-18 s
5 Aug-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00[ Aug-18 5
* Sep-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00[ Sep-18 T
Oct-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Oct-18
Nov-18 - 0.00 0.00 0.00] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00] Nov-18
Dec-18 - 0.00 0.00 0.00[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00[  0.00| Dec-18
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Table A-2: Mass Removal Data for Volatile Organic Compounds
Endicott, New York - Site #704014
January 2018 to December 2018

Chemical Concentrations (ug/l) Pounds of Chemicals Removed
g 2 - g 2 - 3 5
g 3 £ 5 g s 8 E £ s (28 |TE8_ 5T £ § 2 | g | 8| % £ s |88 |FE_ § | 3 5§ |Efq
s | E | B | 5| s | §| 2| 2| P | E |2dglify g | 8% | P | 8| g |f| 2| % | £ | %P |2is|dim| s |s_|:| § |::%8
S & 2 e ] = 2 = = = 2od|= ey Q E & 2 o a = £ = = = 2od|=¢ed S oz | % s Tz
2 | 2 o 8 8 S |&Ss|88s5| % 3 2 4 2 o 8 8 e |xSs|d88s| 3 |25 3 2
5 £ Z 4 4 4 = |JEg|Eg| £ £ 2 £ 4 ~'. 2 E |ZEE|AEE| E |88 -8
= = o > (o) (o) (o) O = = I = (o] = = v} > (o) (o) (o) (o] = = I (@] ==
EN-114T | Jan-18 47 0.0 590.0 180.0 | 1100.0 | 190.0 14.0 11.0 41.0 47 6.1 1,750,177 0.07 0.00 862 2.63 16.08 2.78 0.20 0.16 0.60 0.07 0.09]| 31.30| Jan-18 | EN-114T | 307.4
Feb-18 3.7 1.2 520.0 170.0 890.0 190.0 13.0 6.9 46.0 4.6 9.5 1,375,237 0.04 0.01 597 1.95 10.22 2.18 0.15 0.08 0.53 0.05 0.11[ 21.30| Feb-18
Mar-18 2.7 1.2 370.0 83.0 510.0 120.0 7.4 2.5 36.0 4.0 7.3 1,315,762 0.03 0.01 407| 091 5.60 1.32 0.08 0.03 0.40 0.04 0.08| 12.57| Mar-18
Apr-18 3.7 1.7 510.0 220.0 890.0 230.0 14.0 6.9 51.0 6.2 11.0 1,258,529 0.04 0.02 536 2.31 9.35 2.42 0.15 0.07 0.54 0.07 0.12| 20.43| Apr-18
w May-18 3.3 1.8 660.0 200.0 860.0 230.0 14.0 5.9 55.0 6.0 13.7 1,200,008 0.03 0.02 6.61] 2.00 8.62 2.30 0.14 0.06 0.55 0.06 0.14/ 20.54| May-18 w
G Jun-18 3.3 1.9 710.0 240.0 | 10000 | 250.0 16.0 5.3 50.0 6.5 9.4 1,309,706 0.04 0.02 7.76|  2.62 10.94 2.73 0.17 0.06 0.55 0.07 0.10[ 25.07| Jun-18 G
z Jul-18 2.5 1.6 450.0 120.0 370.0 100.0 8.1 1.6 29.0 4.0 48 1,268,428 0.03 0.02 477 127 3.92 1.06 0.09 0.02 0.31 0.04 0.05] 11.56| Jul-18 z
& Aug-18 3.1 3.0 780.0 210.0 790.0 210.0 15.0 3.3 49.0 6.4 7.3 1,959,437 0.05 0.05 12.76]  3.44 12.93 3.44 0.25 0.05 0.80 0.10 0.12| 33.98| Aug-18 E
© Sep-18 45 3.1 640.0 210.0 | 10000 | 210.0 16.0 3.3 54.0 6.1 9.6 1,735,012 0.07 0.04 9.27 3.04 14.49 3.04 0.23 0.05 0.78 0.09 0.14/ 31.24 sep-18 v
Oct-18 43 3.3 800.0 240.0 | 13000 | 320.0 25.0 43 73.0 6.9 9.6 2,096,143 0.08 0.06 14.00 420 22.75 5.60 0.44 0.08 1.28 0.12 0.17| 48.77| Oct-18
Nov-18 2.7 1.5 280.0 110.0 500.0 130.0 9.4 1.6 41.0 3.3 5.8 2,533,269 0.06 0.03 592 2.33 10.58 2.75 0.20 0.03 0.87 0.07 0.12| 22.96| Nov-18
Dec-18 2.3 13 340.0 110.0 500.0 140.0 6.7 3.8 23.0 2.6 5.9 2,920,581 0.06 0.03 829 2.68 12.19 3.41 0.16 0.09 0.56 0.06 0.14 27.69| Dec-18
EN-219R | Jan-18 0.0 390.0 | 21000 | 220.0 | 9400.0 | 9200 140.0 440.0 88.0 0.0 0.0 982,462 0.00 3.20 17.23] 180 77.11 7.55 1.15 3.61 0.72 0.00 0.00] 112.37| Jan-18 | EN-219R | 1397.1
Feb-18 0.0 370.0 | 21000 | 250.0 | 10000.0 | 910.0 140.0 490.0 140.0 0.0 21.0 947,773 0.00 2.93 16.62] 1.98 79.14 7.20 1.11 3.88 1.11 0.00 0.17|] 114.13| Feb-18
Mar-18 0.0 230.0 | 12000 | 100.0 | 7000.0 | 520.0 99.0 180.0 110.0 0.0 0.0 1,050,766 0.00 2.02 1053 o0.88 61.42 4.56 0.87 1.58 0.97 0.00 0.00 82.82| Mar-18
Apr-18 0.0 480.0 | 2300.0 | 220.0 | 11000.0 | 740.0 140.0 360.0 110.0 0.0 0.0 1,010,112 0.00 4.05 19.40 1.86] 92.78 6.24 1.18 3.04 0.93 0.00 0.00] 129.47| Apr-18
“w May-18 0.0 660.0 | 25000 | 210.0 | 11000.0 | 760.0 160.0 360.0 110.0 0.0 0.0 784,195 0.00 432 1637 138 72.03 4.98 1.05 2.36 0.72 0.00 0.00] 103.20| May-18 “
G Jun-18 0.0 540.0 | 24000 | 200.0 | 10000.0 | 630.0 140.0 350.0 100.0 0.0 0.0 867,154 0.00 3.91 17.38]  1.45 72.41 4.56 1.01 2.53 0.72 0.00 0.00] 103.98| Jun-18 G
& Jul-18 0.0 430.0 | 2000.0 | 160.0 | 9800.0 | 590.0 92.0 330.0 100.0 0.0 31.0 908,728 0.00 3.26 15.18] 1.21 74.36 4.48 0.70 2.50 0.76 0.00 0.24] 102.69| Jul-18 ]
= Aug-18 0.0 520.0 | 21000 | 190.0 | 13000.0 | 630.0 120.0 340.0 77.0 0.0 0.0 1,118,211 0.00 4.86 1961 177 12138 5.88 1.12 3.17 0.72 0.00 0.00] 158.52| Aug-18 =
S Sep-18 0.0 600.0 | 21000 | 250.0 | 13000.0 | 760.0 140.0 420.0 83.0 22.0 13.0 1,247,607 0.00 6.25 21.88] 260 13543 7.92 1.46 438 0.86 0.23 0.14 181.14| Sep-18 o
Oct-18 0.0 350.0 | 15000 | 110.0 | 8900.0 | 540.0 87.0 200.0 79.0 19.0 10.0 862,544 0.00 2.52 10.80 0.79 64.10 3.89 0.63 1.44 0.57 0.14 0.07] 84.95] Oct-18
Nov-18 0.0 410.0 | 1800.0 | 180.0 | 9900.0 | 600.0 110.0 220.0 110.0 20.0 12.0 773,257 0.00 2.65 1162 116 63.92 3.87 0.71 1.42 0.71 0.13 0.08| 86.27| Nov-18
Dec-18 0.0 790.0 | 20000 | 190.0 | 9800.0 | 590.0 110.0 210.0 110.0 25.0 14.0 1,190,178 0.00 7.85 19.88] 1.89] 97.39 5.86 1.09 2.09 1.09 0.25 0.14 137.53| Dec-18
EN-253R | Jan-18 0.0 56.0 3400.0 | 780.0 | 16000.0 | 47000.0 | 290.0 | 88000.0 0.0 3200 | 1371.0 12,064 0.00 0.01 034 o0.08 1.61 473 0.03 8.86 0.00 0.03 0.14] 15.84| Jan-18 | EN-253R | 148.7
Feb-18 0.0 99.0 1800.0 | 640.0 | 16000.0 | 32000.0 | 230.0 | 60000.0 0.0 310.0 | 1040.0 10,343 0.00 0.01 0.16] 0.06 1.38 2.76 0.02 5.18 0.00 0.03 0.09| 9.68| Feb-18
Mar-18 0.0 67.0 2500.0 | 490.0 | 17000.0 | 28000.0 | 230.0 | 33000.0 0.0 240.0 | 1040.0 14,317 0.00 0.01 030 0.06 2.03 3.35 0.03 3.95 0.00 0.03 012 9.87| Mar-18
Apr-18 0.0 61.0 3500.0 | 960.0 | 27000.0 | 32000.0 | 340.0 | 59000.0 | 140.0 370.0 | 1415.0 12,998 0.00 0.01 038 0.10 2.93 3.47 0.04 6.40 0.02 0.04 0.15] 13.54| Apr-18
w May-18 0.0 60.0 2100.0 | 740.0 | 18000.0 | 34000.0 | 230.0 | 45000.0 0.0 230.0 | 1077.0 17,634 0.00 0.01 031 o011 2.65 5.01 0.03 6.63 0.00 0.03 0.16] 14.94| May-18 “
G Jun-18 0.0 1100 | 3500.0 | 830.0 | 16000.0 | 39000.0 | 330.0 | 49000.0 | 100.0 310.0 | 1491.0 15,319 0.00 0.01 045 o0.11 2.05 4.99 0.04 6.27 0.01 0.04 0.19 14.16| Jun-18 G
& Jul-18 0.0 56.0 2100.0 | 630.0 | 16000.0 | 29000.0 | 200.0 | 43000.0 0.0 250.0 990.0 19,035 0.00 0.01 033 o0.10 2.54 4.61 0.03 6.83 0.00 0.04 0.16] 14.66| Jul-18 ]
= Aug-18 0.0 56.0 3300.0 | 520.0 | 12000.0 | 27000.0 | 150.0 | 29000.0 0.0 280.0 | 1290.0 35,622 0.00 0.02 098] 0.5 3.57 8.03 0.04 8.63 0.00 0.08 038 21.89| Aug-18 =
S Sep-18 0.0 30.0 2700.0 | 700.0 | 12000.0 | 21000.0 | 220.0 | 30000.0 | 72.0 290.0 951.0 24,446 0.00 0.01 055 0.14 2.45 4.29 0.04 6.12 0.01 0.06 0.19| 13.87| Sep-18 o
Oct-18 0.0 49.0 5200.0 | 610.0 | 14000.0 | 23000.0 | 260.0 | 27000.0 | 31.0 160.0 | 1048.0 11,415 0.00 0.00 050 0.06 1.33 2.19 0.02 2.57 0.00 0.02 0.10|  6.80| Oct-18
Nov-18 0.0 35.0 5000.0 | 630.0 | 19000.0 | 11000.0 | 270.0 | 10000.0 | 33.0 74.0 778.0 9,564 0.00 0.00 0.40 0.05 1.52 0.88 0.02 0.80 0.00 0.01 0.06]  3.74] Nov-18
Dec-18 0.0 0.0 41000 | 560.0 | 16000.0 | 16000.0 | 190.0 | 15000.0 0.0 110.0 792.0 21,975 0.00 0.00 075 0.10 2.94 2.94 0.03 2.75 0.00 0.02 0.15  9.68| Dec-18
EN-428 | Jan-18 98.0 75.0 2100.0 | 220.0 | 100000.0| 43000.0 | 500.0 | 9800.0 | 150.0 0.0 4748.0 16,934 0.01 0.01 030 0.03 14.14 6.08 0.07 1.39 0.02 0.00 0.67] 22.72| Jan-18 | EN-428 | 302.6
Feb-18 77.0 0.0 2200.0 | 310.0 | 120000.0| 29000.0 | 1100.0 | 7700.0 | 220.0 0.0 3827.0 37,629 0.02 0.00 069 o0.10] 37.70 9.11 0.35 2.42 0.07 0.00 1.20] 51.67| Feb-18
Mar-18 0.0 0.0 1700.0 0.0 90000.0 | 19000.0 | 870.0 | 4400.0 0.0 0.0 2590.0 48,512 0.00 0.00 0.69] 0.00] 36.46 7.70 0.35 1.78 0.00 0.00 1.05 48.03| Mar-18
Apr-18 0.0 0.0 1400.0 0.0 79000.0 | 19000.0 | 440.0 | 3600.0 0.0