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1.0 Introduction

1.1 Purpose

The purpose of the environmental investigation work summarized in this Well Installation
and Remedial Selection Report (Report) is to determine the lateral and vertical extent of
known groundwater contamination and, in conjunction with previously completed soil
and soil gas analyses, to propose remedial actions to effectively respond to these
documented conditions. Prior to the implementation of this work, Ecosystems
Strategies, Inc. (ESI) prepared and submitted a Workplan for Installation of Additional
Monitoring Wells (Workplan), which was reviewed and, subsequent to modifications
made to address comments from the United States Environmental Protection Agency
(USEPA) and the USEPA'’s environmental contractors, approved (see USEPA
correspondence of June 8, 2004). Preliminary services (contactor bidding, site
notification, local agency notification, etc.) were conducted in 2004 and fieldwork was
conducted in 2005 and 2006 under the supervision of the USEPA’s designated
contractor (Malcolm Pirnie, Inc.). Findings/progress was reported to the USEPA in
regular written and verbal communications.

The tasks included drilling and coring five bedrock wells, video taping the bedrock walls
in each well, packer testing fracture zones in each well, and testing each well by
pumping. Another task included drilling and installation of an overburden monitoring
well to complete the couplet at the southeast corner of the Site. Chemical analyses of
groundwater samples from all monitoring wells were considered in assessing remedial
actions. Finally, soil gas sampling data from field work conducted concurrent with this
groundwater work has been considered in this Report.

1.2 Site Location

The “Site” as defined in this Report is an irregularly-shaped, approximately 5-acre parcel
known as the Wallkill Wellfield Site and portions of adjacent properties, located on the
southern side of Industrial Place in the City of Middletown, Orange County, New York
(Figure 1-1, Appendix A of this Report).

1.3 Previous Reports

Groundwater and subsurface data have been detailed in reports prepared by ESI and
(prior to 1997) other consultants. The most recent comprehensive report on
groundwater for this Site is the Draft Interim Summary Data Report of Groundwater
Sampling, dated May 2005 and revised June 2005. The most recent sub-surface report
for this site is the Summary Report of Subsurface Investigation, dated May 2007 and
discussed in Section 4.2.3.

Residential wells were historically utilized to supply the homes along Highland Avenue
with water; however, once these residences were supplied with municipal water
(Novernber 1983), the direction of groundwater flow changed from southwest to
southeast. Generally, the flow had followed fracture zones from the on-Site plant to the
Parella well, then toward the Hebrew Day School, drawn by pumping homeowner wells.
When pumping ceased, the natural hydraulic gradient resumed and the flow shifted to
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the south-southeast, as discussed in Section 4.0. Beneath both the Parella property
and the Site, groundwater flow is generally toward Industrial Place Extension and the
lower Contel parcel.

Data which could be used to illustrate this flow change by the creation of contour maps
of water levels, hydraulic gradients, and/or direction of groundwater flow between 1983
and 1994 were not available. In support of the change in flow direction discussed
above, anecdotal evidence is available in the form of a net diagram (figure 3-7 from
Shakti Site Characterization Report, February 1994) and a map of wells with
contamination (Figure 2-7, same report). The net diagram (Figure 1-3) is a three
dimensional illustration of the top of bedrock derived from well data. The map of
contaminant distribution (Figure 1-4, Appendix A) depicts the property parcels and wells
with presence or absence of contaminants. The net diagram was drawn to support the
concept of contaminant movement with groundwater flow in the overburden above the
bedrock interface. The groundwater flow, at that time, was downhill from the site
southwest toward the Hebrew School and other wells along Highland Avenue.

Previous to the work documented in this report, downgradient monitoring wells (MW-11,
MW-6, and MW-9) were installed in the overburden. MW-204 was the bedrock well in
the most downgradient location. Perchloroethylene (PCE) was monitored in each of
these wells during the sampling events prior to 2005. To ascertain the lateral and
vertical extent of contamination, additional bedrock monitoring wells were proposed next
to each of the three overburden wells (MW-211, MW-206, and MW-209). Also a
couplet, consisting of one overburden and one bedrock well (MW-19 and MW-219), was
proposed for the southern-most point on the lower Contel property, next to Industrial
Place Extension. Finally, one centrally-located bedrock well was planned as a deep
bedrock well (MW-220).

The drilling, coring, installation, and video taping of the five bedrock wells are described
in Section 2 of this Report. Because groundwater flow occurs primarily in bedrock, this
information was reviewed to identify the depths of encountered fracture zones.

Aquifer testing of the overburden and bedrock was conducted with packer tests and
pumping tests described in Section 3 of this Report. Packer tests assess the vertical
hydraulic connectivity of fracture zones within a single well and pumping tests evaluate
the lateral hydraulic connections between wells.

According to available information, chlorinated solvents, including PCE and
trichloroethylene (TCE), were used at the Site during the production of electrical
components. Prior investigations indicated the presence of PCE in soil and groundwater
as a result of historical on-site discharges. A summary of information obtained from
previously conducted environmental investigations, which pertains to the work in this
Report, is provided below.

In 1983, PCE and TCE were identified in groundwater samples collected from adjoining
and surrounding properties. Interim investigation at the site may have occurred but have
not been received by ESI; however, as part of this Report, ES! reviewed an investigation
(including hydrogeologic studies) by Jacobs and Shakti in March 1993. Jacobs and
Shakti identified PCE, trace concentrations of TCE, and trichloroethane, in on-Site soils
and groundwater. Two areas of significant soil contamination, designated as the



EC.SyStemS Strategles’ Inc. Environmental Services and Solutions

WELL INSTALLATION AND REMEDIAL SELECTION REPORT NOVEMBER 2006 (REVISED OCTOBER 2007)
LM97145.45 PAGE 30F 37

northern and southern “hot spots” (Figure 1-2), were found in the vicinity of the on-Site
industrial building, as shown on Shakti maps (1994). Removal of soil from these
contaminated areas is documented in ESI’'s Summary Report of Soil Remediation
Activities, dated September 23, 1999.

After review of available documents and consultation with the property owner, an Interim
Groundwater Remediation Workplan (Interim Workplan), dated July 23, 1998
(subsequently revised and approved by the USEPA in 2000), was prepared by ESI.
Documents reviewed during the preparation of the Interim Workplan included (but are
not limited to): the Characterization Report by Jacobs and Shakti; a Groundwater
Remedial Design Work Plan by Lawler, Matusky & Skelly Engineers, LLP; USEPA
records; and, a Consent Decree issued by the United States District Court for the
Southern District of New York.

The Interim Workplan was developed to evaluate groundwater conditions in light of
historical groundwater quality and to assess the potential for the installation of additional
wells and/or a groundwater remedial system. (The fieldwork summarized in this Report
was performed to address the specified sampling requirements of the Interim Workplan).

On April 27, 2001, ESI prepared an Interim Summary Data Report of Groundwater
Sampling (April 2001 Groundwater Report), documenting fieldwork and resulting
analytical data from the December 2000 and the January 2001 groundwater sampling
events. PCE was found at concentrations exceeding NYSDEC guidance levels in
groundwater samples collected from both on-Site and off-Site wells. Contaminant
concentrations, however, were detected at lower levels relative to PCE concentrations
documented in sampling events in 1992 (both peak PCE concentrations and the number
of wells indicating high PCE concentrations were reduced). Laboratory results indicated
that high levels of PCE still existed in monitoring wells located southeast of the on-site
industrial building (in the immediate vicinity of the former southern hot spot). The April
2001 Groundwater Report noted that the previous removal of a significant amount of
contaminated soil from the northern and southern hot spots may be directly responsible
for the decrease in the extent and severity of groundwater contamination.

The April 2001 Groundwater Report recommended continued sampling of all on-Site
monitoring wells to document groundwater quality. Installation of two (2) wells in the
vicinity of MW-11 was recommended because MW-11 was often dry as a result of either
poor recharge or a lowering of the local water table. In addition, implementation of
active groundwater remediation using an extraction well in the immediate vicinity of MW-
4 and MW-5 would be considered, with the objective of reducing on-site PCE
concentrations in groundwater.

Recommendations provided in the May 2003 |nterim Summary Report included (in
addition to the recommendations made in the April 2001 Groundwater Report) the
installation of additional bedrock monitoring wells in order to monitor the downgradient
migration of contamination. The installation of those wells (MW-206, MW-209, MW-211,
MW-219, and MW-220) is described in detail in this Report.

The distribution of total volatile organic compound (VOC) contamination in groundwater
has changed significantly since the earliest sampling in 1983 and 1984. Those changes
have occurred in both the overburden water-bearing zone and bedrock aquifers.
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In the overburden, total VOC concentrations were essentially non-detected (ND) north,
west, and southwest of the on-Site industrial building. With the exception of MW-5, the
total VOC concentrations measured in the overburden wells have declined between
1992-1993 and 2005. In 1992, the concentration measured in MW-2 was 350
microgram per liter (ug/L) but by 2005 the concentration had declined to ND. In 2005,
the highest total VOC concentration was in well MW-5 (28,050 pg/L), which had
increased from the 1992 measurement of 4,100 pg/L. At MW-3 and MW-16,
concentrations have declined respectively from 27,000 pg/L and 8,300 ug/L in 1992 to
3,520 pg/L and 2,740 pg/L in 2005. In well MW-4, total VOC concentrations have
declined from 26,000 pg/L in 1992 to 7,810 ug/L in 2005. Concentrations in MW-6
indicate that the well is located on the edge of the plume with values of 27 pg/L in 1992
and 145 ug/L in 2005. In the downgradient location, MW-9 shows a decline of an order
of magnitude from 2,700 pg/L in 1993 to 980 pg/L in 2005. Near Industrial Place
Extension in the most downgradient location, the new well MW-19 shows a similar
concentration of 1,503 pg/L in 2005.

In the bedrock aquifers, the upgradient Parella well (W-30) had the highest
concentration of the wells sampled in 2005 (130,000 ug/L). A total VOC concentration at
this level is an indication of potential free product accumulation in the bottom of the well.
MW-202 has declined from the historical high of 34,000 pg/L in 1984 to 2,787 pg/L in
2005. Likewise, MW-207 shows a decline from 2,500 pg/L in 1992 to ND in 2005.
Concentrations in MW-204 have remained more or less constant at about 1,100 pg/L. In
downgradient locations, all five new bedrock wells show concentrations on the order of a
few hundred pg/L.

PCE concentrations indicate that there are a few groundwater hot spots (Parella Well,
MW-5, and the area defined by MW-3 and MW-203). A lower level of PCE
contamination remains in the downgradient overburden and bedrock locations. This
Report evaluates hydrogeologic conditions that will be used in planning the remediation
of PCE and other chlorinated volatile organic compounds (VOCs), which have been
found at this site.

1.4  Organization of the Report

This Report summarizes all well installation services, groundwater analysis (both
physical and chemical) services, and remedial alternative assessments performed by
ES| and designated subcontractors. This work is organized as follows:

Section 2 This section includes a description of activities relating to drilling, coring,
installing, and developing five bedrock wells and one overburden well on
the Site. Core descriptions, core photographs, and video tapes of
borehole walls are presented for identification of fracture zones for the
wells.

Section 3 In this section, aquifer testing (packer tests and pumping tests) is
described and evaluated for the overburden and bedrock wells. Packer
tests are used to assess the vertical hydraulic connectivity of fracture
zones within a single well and pumping tests are used to evaluate the
lateral hydraulic connections between wells. In addition, VOC analyses of
groundwater samples from individual packer zones are reported.
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Section 4 This section includes a discussion of the hydrogeological conclusions

Section 5

reached by ESI as a result of the analyses performed and the data
gathered to date. This section also documents a conceptual hydrological
model of the Site, which is used to support selection of a remedy. In
addition, this section includes a summary of the interim remedial actions
performed at the Parella well and describes their impact relating to
remedial alternatives.

This section consists of a comparison of five remedial alternatives being
considered for the Site. A tiered process is utilized to rank the five
remedial alternatives for the Site. The following criteria are utilized in the
ranking process. overall protection of human health and the environment;
compliance with applicable or relevant and appropriate requirements
(ARARS); long-term effectiveness and permanence; reduction of toxicity,
mobility, or volume; short-term effectiveness; implementability; cost; state
acceptance; and, community acceptance.
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2.0 Well Installation Activities

2.1 Bedrock Well Drilling and Coring

Five locations for bedrock wells were chosen in the downgradient area between the on-
Site industrial building and Industrial Place Extension (Figure 1-2, Appendix A). Bedrock
wells were positioned to track or map movement of dissolved VOCs in the groundwater
flow field. MW-211 was drilled to provide a bedrock well couplet with MW-11, a well
showing some contamination on the edge of the on-site groundwater flow pattern.
Likewise, MW-206 and MW-209 were drilled to provide bedrock wells associated with
the shallow wells MW-6 and MW-9 located near Industrial Place Extension and
downgradient from the former electrical plant. MW-219 and MW-19 were drilled on the
southeast corner of the Site in the most downgradient position and on/near a fracture
zone identified in previous geophysical studies. MW-220 was drilled downgradient of
MW-5, a shallow overburden well showing the greatest contamination in recent sampling
events. MW-220 is centrally located within the groundwater flow pattern and may be a
good location for potential pumping remediation.

2.1.1 Bedrock Well Drilling and Coring Objectives

Each well was installed with continuous coring from top of bedrock to total depth. The
cores were used to identify hydrostratigraphic features such as lithology, bedding,
structures, soft sediment deformation, and fracture porosity.

2.1.2 Bedrock Weil Drilling Field Procedures

Drilling services were provided by Soiltesting, Inc. of Oxford, Connecticut (Soiltesting)
from February 22 to March 28, 2005. A five foot core barrel was used with a 4-wheel,
tractor-mounted drill rig. The core barrel and drill bit cut a 4-inch wellbore and a 2.5-inch
core. Potable water was obtained from the City of Middletown to use as the drilling fluid.
The five-foot core sections were cleaned with distilled water and dilute hydrochloric acid.
The acid etches the carbonate material on the outside of the core, so the lithologic
features are easier to see. The core sections were placed in five-foot core boxes and
the depth was labeled both inside and outside of the boxes. Table 2-1 (Appendix B)
summarizes dimensions of the new wells and preexisting wells.

2.1.3 Bedrock Core Descriptions/Lithologic Logs

Bedrock features were described in graphic format in the field note book (reproduced
here as Appendix C). All cores had excellent recovery with very few separate pieces
from each core barrel. Occasionally, the core was slightly longer than the five-foot
storage boxes and the core had to be broken with a hammer. In addition, hammering on
the core barrel may have occasionally broken the full rock core. Core recovery ranged
from 95 to 105% of the nominal five-foot core barrel. For these reasons, rock quality
designations (RQD) were not computed.

During drilling very little fluid was lost to the water-bearing fractures encountered by the
core bit. The lack of lost fluid was indicated by the increased viscosity of recirulated
drilling fluids due to suspended gray shale & silt fragments. The viscosity of the fluid
often made it difficult to raise the core barrel.
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Fractures were identified and photographed (Appendix A) as were other pertinent
sedimentary features. Copies of the lithologic logs were joined to create five logs, one
for each well. Attempts to correlate bedrock features from one well to another were
made by aligning the five logs side-by-side; however, this attempt was not successful.
Lateral stratigraphic changes may occur between wells. Structural dip of the bedding
may result in comparison of vertical sections which are above and/or below each other
in the original stratigraphic sequence.

Examination of the cores reveals two main lithologies (see photographs of cores in
Appendix A), fine-bedded dark gray shale and light gray massive fine-sandy siltstone.
Beds of white calcite are generally 0.1 to 0.2 inches, occasionally 1 to 2 inches, and
rarely 2 to 6 inches in thickness. The interbedded shale suggests the calcite represents
original sedimentation indicating a shallow, warm water high-energy marine environment
of deposition. Prominent fractures, which were observed in the cores and shown in
photographs, are described in Table 3-3 (Appendix B). It was observed that some of the
fractures cut the core at right angles, as indicated by a circular face. Other fractures cut
the core at a low-angle (less than 45 degrees from horizontal) and were characterized
by elliptical surfaces. In addition, sometimes the face was observed to be weathered.
Other times the face is associated with a thin calcite bed and sometimes a very thin
layer of shiny black carbonaceous material, striated with slickensides indicating slippage
along the bedding plane.

For overburden well MW-19, the driller's well construction diagram and lithologic log are
included as Figures 1-5 and 1-6, respectively, in Appendix A.

2.2 Video Taping New Bedrock Wells
2.2.1 Borehole Video Field Procedure

Borehole video taping was utilized in place of geophysical logging because fractures
could be viewed directly and compared with the bedrock cores. A GeoVision Micro
(model number GVMICROM?1) was used to video the bores. The following process was
used at each well. First, the camera and tripod was setup then the depth counter was
calibrated to measure from the ground surface (as zero) and increasing in magnitude
downward. Calibration of the depth counter assured that the depths of the core would
match the depths recorded on the video frames. The camera was recording while
traveling both down and then back up the borehole.

2.2.2 Selection of Fracture Zones from Borehole Videos

The video tapes (one per well) were copied to DVDs and are included with this report
(Appendix D). The most readily distinguished feature on the videos are the bedding
planes, where they look like circles when bedding is horizontal or ellipses when bedding
is tilted. The pervasive thin white calcite beds are clearly recognizable because of the
birefringence (bright refraction of light) of the calcite mineral. The fractures appear as
openings in the sides of the borehole. Sometimes, cracks can be seen on opposite
sides of the borehole, or sometimes completely around the borehole as a circle or
ellipse. Notes were made indicating the presence of fractures observed on the videos
and then they were compared with core descriptions and photographs. A description of
the fractures observed in each well is provided in Table 3-3. In several instances,
further analysis of the core was needed to confirm the presence or absence of fractures
at a particular depth.
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3.0 Agquifer Testing and Quantitative Interpretation

3.1 Packer Testing
3.1.1 Packer Testing-Objectives

The packer testing program was planned to aid in the remediation design by
identification and evaluation of bedrock fractures conducting contaminated groundwater.
The packer tests demonstrate the vertical connectivity of fracture zones within a well
and how much water each packer zone can yield.

3.1.2 Packer Testing-Field Procedures

Packer tests are conducted by sealing off a vertical section of a well and then either
pumping water into or out of the packer interval, and subsequently into or out of the
bedrock formation. In this case, water was pumped from the interval, and the effect on
overlying and underlying zones was observed. A sample of water was taken from the
packer interval near the end of the test. Multiple packer tests were preformed in each
well at different depths depending on where fractures are located.

The packer tests were conducted from July 15 to July 28, 2005. Packers and other
testing equipment were provided by Soiltesting. The packer assembly consisted of two
inflatable packers each 4.5 feet long separated by ten feet of 1-inch diameter perforated
steel pipe (Figures 3-1 and 3-2, Appendix A). The ten feet between the packers is the
‘packer zone” or “packer test zone.” The two rubber packers are inflated with nitrogen
(Figure 3-3) in order to have a tight seal on the bedrock wall in the packer zone. Water
entering the packer zone from the bedrock fractures is isolated from the wellbore both
above and below the packers. Above the top packer, the central perforated pipe is
attached to two-inch steel casing sections to the top of the well casing.

The packer tests involve pumping water out of the sealed packer zone, obtaining a
sample of water, and recording water levels during pumping and recovery. By
monitoring drawdown and recovery, the recharge rate was estimated for each packer
zone. A Grundfos Redi-flo2 pump was placed in the central casing just above the upper
packer in order to obtain a fresh water sample from the bedrock at the end of pumping
(Figures 3-4 and 3-5). The validity of the sample was then determined based on the
pumping duration. If the duration was long enough to evacuate the original volume of
water in the packer zone to the surface through the tubing attached to the pump, the
sample was considered "valid”. After pumping, recovery (if any) was monitored for a
brief time and then the packers were deflated and moved to the next test depth.
Accuracy of the packer interval was obtained using short pieces of casing (5, 3, 2, and
1-feet in length).

The depths of the fracture zones to be tested were identified from studies of the rock
cores and the video recordings. In most cases, bedrock openings observed in the video
correspond to fractures observed in the cores. Photographs of fractures observed in the
cores and associated with some of the packer tests are described in Table 3-3
(Appendix B).
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Solinist Leveloggers and In-Situ miniTrolls (data logging probes) were used to
continuously monitor the water levels above, below and within the packer zone. The
Leveloggers were lashed to the exterior of the packer assembly just below the lower
packer, just above the upper packer, and within the packer zone. A miniTroll was used
to monitor the packer zone in real time by lowering it down the central conductor pipe
and placing it in the perforated center pipe. The Leveloggers were able to measure
down to a maximum depth of 100 feet; therefore in the deeper tests, data from the
miniTrolls was utilized because they were rated to 300 feet. The logging interval was
set at every 30 seconds. Temperature and feet of water above the pressure transducer
was recorded in the internal memory of the Leveloggers and miniTrolls.

Communications with the two miniTrolls could not be re-established once they began
logging. Hence, they continuously recorded temperature and pressure at 30-second
intervals from the beginning of testing until the data was recovered by the manufacturer.
Consequently a water level indicator was used to monitor water levels within the packer
zone.

When packer testing was completed, the miniTrolls were returned the manufacturer, In-
Situ, Inc. in Fort Collins, Colorado. The data was downloaded and sent, via e-mail, to
Pine Environmental (the rental service) and ESI. Some of the data were duplicated by
the Leveloggers and the miniTrolls at depths less than 100 feet.

The water sampling was designed to determine if groundwater in the packer zone
fractures contained any contaminants. Only those sarnples tested from zones with
recharge are valid samples because the others would be compromised with commingled
waters.

Once the packers were inflated and seated, the pump was turned on and the flow was
adjusted to a rate of 0.25, 0.5, or 1.0 gallon per minute (gpm). The water level in the
central conductor casing was monitored. If the recharge seemed to keep up with
pumping, the pumping rate was increased. Once the water level was drawn down to
within 1 to 2 feet of the pump in the central conductor casing, a sample was collected
and the pump shut off. The well was then allowed a few minutes to recharge through
the fractures in the packer zone, if possible.

3.1.3 Packer Testing-Interpretation of Field Data

Packer testing began with well MW-211 and proceeded with MW-206, MW-209, and
MW-219 and ended with MW-220. Graphs of water levels were plotted showing the
height of water above each transducer versus time. On the x-axis (horizontal scale),
time is shown in minutes increasing to the right (Figure 3-6 to 3-41, Appendix A).
Transducer measurements were taken every 30 seconds.

On each graph (except for MW-211), the three Leveloggers curves are shown as green
triangles above the packer zone, as magenta (dark pinkish purple) square boxes in the
packer zone, and as purple diamonds below the packer zone. In the packer zone, the
miniTroll data is shown in cyan (greenish blue) X’s. The two curves for the Levelogger
and miniTroll in the packer zone provide duplicate data, except when the depth to the
logger was greater than 100 feet (out of range for the Leveloggers).
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The beginning and ending time for each graph is shown in the upper margin. The time
the pump is turned on is indicated on the curve of the water levels measured in the
packer zone. If the pumping rate is greater than the natural recharge rate, the water
level drops in the packer zone and is shown as an upward curve through time due to the
decline in the column of water over the transducer. The y-axis (vertical scale) is the
height of the water above the transducers with magnitude increasing downward, thereby
providing data curves, which relate to their physical orientation within the wellbore. On
occasion, the water level in the packer zone appears to be below the water level in the
zone below the lower packer because the miniTroll was seated in the bottom of the
center pipe of the packer assembly. The center pipe is isolated from below the packers,
but does extend below the base of the lower packer.

Packer test results are summarized in Table 3-1, Appendix B. The data are used to
estimate rate of drawdown and the rate of recharge for each packer test in each bedrock
well. The drawdown rate is calculated from the water levels recorded at Time 1 and
Time 2 during pumping, while the recovery rate is calculated from water levels recorded
at Time 3 and Time 4 after pumping stopped. The drawdown rate (ddrate) and recovery
rate (RecovRate) are calculated in feet per minute.

When the calculations were completed, some qualifiers were entered into the matrix
(Tables 3-1 and 3-3) in order to compare recovery or recharge rate in each packer zone
as well as the zones above and below the packer interval for each test. For each test,
by observation of the graph of water levels in the zones above and below the packer
interval, recharge or discharge are indicated with a qualifier, such as “no”, “some”,
“little”, “good”, and “best” (Table 3-1). For each well, the recharge in each packer zone
is similarly noted (Table 3-3). These descriptions are empirical and relate only to the
values in each individual well. One value for each well is described as “best” and then
the rest of the values are compared to this value and described accordingly using the
other qualifiers.

The validity of each water sample was determined by calculating the total volume of
water pumped from the packer zone and then discharged. If at least one full volume
was removed, the sample was judged “valid”.

MW-211 (Figures 3-6 through 3-11)

Six fracture zones were identified in MW-211. The first packer test was set up on the
interval of 37 to 47 feet. Duplicate data for the packer zone was not available for the
tests conducted in MW-211 because testing began with one miniTroll in the packer zone
(cyan triangles on graphs) and two Leveloggers, one above the packer zone (magenta
square boxes) and one below the packer zone (purple diamonds).

For well MW-211, the first packer test (37 to 47 feet) was a series of pump on and pump
failures with recovery after each breakdown. There were sufficient data to estimate
drawdown and recovery rates, but no information on pumping rates was recorded,
because breakdowns occurred before measurements could be taken.



Ec.sYStems Str ategles’ Inc‘ Environmental Services and Solutions

WELL INSTALLATION AND REMEDIAL SELECTION REPORT NOVEMBER 2006 (RevISED OCTOBER 2007)
LM97145.45 PAGE 11 0F 37

The top three zones exhibited very slow recovery. The lower three zones had good
recharge. Zone 4 (85 to 95 feet) was able to sustain pumping at two gpm with little
drawdown. Zone 5 (103 to 113 feet) had the most rapid recharge. Zone 6 (113 to 123
feet) had little drawdown and good recharge. Zones 5 and 6 appear to be hydraulically
connected because the water level below the lower packer in Test 5 had pumping effect
and recovery mimicking response in the packer zone.

In Test 6, it is believed that installation of the packers disturbed sediment in the well
because the Levelogger recorded great depth of water most likely due to suspended
sediment in the water column. As the sediment settled, the Levelogger below the
packer zone exhibited a response similar to the miniTroll in the packer zone, thereby
verifying hydraulic connectivity of Zones 5 and 6.

MW-206 (Figures 3-12 through 3-16)

Packer Test 1 (22 to 32 feet) showed no recovery after the pump was turned off. Packer
Test 2 (43 to 53 feet) indicated good recharge and hydraulic connectivity with fractures
below the packers. Tests 3, 4, and 5 exhibited fracture zones isolated from water above
and below the packer interval. Good recharge occurred in all three tests and the water
samples are considered “valid.”

MW-209 (Figures 3-17 through 3-23)

During Test 7 (20 to 30 feet), Test 1 (28-38 feet) and Test 2 (41 to 51 feet) the water
level dropped in the packer zones during pumping. When the pump was turned off,
recovery appeared to be slow. In addition, when the recharge from above the packers is
observed, the slope of recharge is approximately the reverse slope of recovery.
Consequently, those three tests show no significant recharge from the wellbore within
the packer zones. Test 3 (58 to 68 feet) and Test 4 (70 to 80 feet) indicated isolated
fracture zones with some recovery from fractures within the packer interval. Test 5 (95
to 105 feet) and Test 6 (108 to 118 feet) indicate suspended sediment in the zone below
the packers. Both responded to pumping and recovery in the packer zones and both
were recharged from below the packers. However, Zone 5 showed significantly better
recharge than any other zone in the well. In Test 5 when pumping stopped, the lower
packer may have become unseated and allowed water to seep upward between the
packer and the wellbore during recovery as indicated by increasing recharge from
below. In Test 6, the packer was seated on the wellbore, but recharged from below
during pumping and recovery. Because of lack of recharge from fractures during
pumping in the other Tests, only the water sample from Zone 5 is considered “valid.”

MW-219 (Figures 3-24 through 3-30)

Test 1 (21 to 31 feet) shows a packer zone with slight recovery by recharge from above
the packer zone. Test 2 (35 to 45 feet) shows a fracture zone with some recharge from
above the packers and more from the fractures intersecting the wellbore within the
packer zone. Test 3 (45 to 55 feet) indicates good yield and good recharge with some
recharge from both above and below the packers. Test 4 (65 to 75 feet) indicates a
situation similar to Test 5 in MW-209 in which the packer zone exhibits isolation and
drainage during pumping. When the pump is turned off, recovery begins and recharge
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occurs from below with the rate of recharge increasing with time. Test6 (115 to 125
feet) and Test 7 (127.5 to 128.5 feet) indicated isolated fracture zones with some
recovery. Recharge in Zone 6 is greater than in Zone 7. With the exception of the
sample from Zone 1, all of the other water analyses are considered “valid.”

MW-220 (Figures 3-31 through 3-41)

The packer tests in this well indicate that it is quite different hydrogeologically compared
to the other four bedrock wells because each of the 11 packer tests indicate an isolated
packer zone with no recharge from above or below the packer interval. Recharge did
not occur in Tests 1, 2, and 5 and samples from those zones are deemed “invalid.” The
other 8 tests exhibited sufficient pumping and recharge to render the water samples as
“valid.” Some recharge from fractures occurred in Tests 3, 6, 8, and 10. Test 10
indicated slight recharge from above the packers during recovery. Good recharge
occurred in Tests 4, 7, 9, and 11 with the best recharge in Test 7. Prior and at the start
of pumping, most of the tests indicated a rise in water level in the zone above the
packers. That effect may be due to adjustment of the water table to the downward
movement and inflation of the packers.

3.2 Chemical Analyses from Packer Zones

Associated with each packer test, a groundwater sample was collected at the surface
from the Grundfos pump discharge tubing after the pump was shut off and prior to
recovery and deflation of the packers. The tubing was disconnected at the well head
and the water which remained in the line was collected for sampling, field parameters
(i.e. temperature, pH, dissolved oxygen, turbidity, etc.) were not measured at the time of
sampling. The procedure did not conform to low flowing sampling protocol because the
objective was to measure recharge of each packer zone. The sampling was conducted
to discern if contamination varied in different packer zones. As stated in Section 3.1.3,
the samples were judged “valid” if sufficient water was pumped to evacuate the packer
zone volume at least once. That level of purging assures a significant portion of the
sample comes from recharge from bedrock fractures.

For MW-219 Test 5 (93 to 103 feet), sample vials were broken in transit to the
laboratory. From MW-220, samples were not taken from the packer zone for Test 10
(168-178 feet) and Test 11 (183 to 193 feet) because the packer zone was pumped dry
and recovery was inadequate to a get a sample.

Toluene was detected in 25 of the 33 water samples at levels between 1.0 and 150 ug/L
(Table 3-2). Toluene had not previously been detected at this site. The toluene seems
to have been introduced with the inflatable packers. Toluene was not detected in any of
the field blanks. It is believed that this occurred because the field blanks were prepared
without any contact with the packers. Compounds detected in most of the field blanks
are compounds of concern for the Site. In some instances, the concentrations detected
in the field blanks were greater than the concentrations detected in the groundwater
samples. The presence of these compounds in the field blanks indicates that the
packers, pumps, and/or sampling equipment may not have been properly
decontaminated before first use and in between wells. The possible cross
contamination of the samples should be a factor when using the packer testing samples
in any future analysis.
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The volatile organic compounds detected in the samples are listed in Table 3-2.
Generally, concentrations of VOCs in the valid samples are 1.5 to 2 times the levels
observed in the invalid samples. The invalid samples represent static or dormant well
conditions, where at least a portion of the “valid” or “fresh” samples were drawn from
fractures in the surrounding bedrock. The samples are characterized by the presence of
the following contaminants (reported in pg/L):

Valid Samples Invalid Samples
N=18 N=15
Range Average Range Average
1,2 Dichloromethylene 9-110 41 1-110 48
Chloroform ND - ND ND 2-200 13.4
Tetrachloroethylene 100 - 710 319 3-450 176
Toluene ND - 120 150 ND - 85 319
Tricholoroethylene 5-120 43 2-140 44

Because the number of samples in each classification is low, the average values may
not be significantly different. The distribution of contaminants indicates that the analytes
are pervasive throughout the fractures at all depths in the bedrock wells.

3.3 Aquifer Testing: Pumping Tests

Pumping tests were conducted to ascertain the potential yield of wells and observe
drawdown in nearby wells to quantify overburden and bedrock hydrogeologic conditions.

3.3.1  Pumping Test-Objectives

The pumping tests were designed to characterize lateral or horizontal groundwater flow
and connectivity between bedrock wells and to determine if vertical hydraulic
conductivity exists between the overburden and bedrock exists.

3.3.2 Pumping Test-Field Procedures

Five pumping tests were conducted in April 2006. Continuous recording pressure
transducers were placed in the wells on April 16, 2006 and removed on April 24, 2006.
Transducers were placed in the five new bedrock wells (MW-206, MW-211, MW-209,
MW-220, and MW-219), which were pumping wells. Transducers were aiso placed in
the nearby shallow wells (MW-3, MW-4 and MW-7) and bedrock wells MW-203, MW-
204 and MW-207 as well as MW-5 and MW-16. Each logger was programmed to take
measurements of the pressure of water above the transducer at one-minute intervals.
All of the loggers were synchronized. One logger was setup to measure barometric
pressure. The barometric variation was compensated for when the records were
uploaded to a computer.

The pump was placed about 10 feet above the bottom of the well. Each well was
pumped for about 12 hours during the day and allowed to recover during the night
(Table 3-4, Appendix B). Water levels were monitored during pumping and recovery in
all wells.
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The wells were pumped at a constant rate with stabilized drawdown. A Grundfos Redi-
flo2 pump was used for all of the wells except MW-220. Based on the packer test
results, MW-220 was thought to have a potential yield on the order of 12 gpm. To pump
at a greater rate, a Grundfos Redi-flo3 was used in MW-220.

The pumped water passed through two carbon filter units and discharged through tubing
to the storm drains along Industrial Place Extension. Fresh carbon cartridges were used
for testing each well.

3.3.3 Pumping Test-Interpretation of Data

Graphs from each of the pumping wells (MW-206, MW-209, MW-211, MW-219, and
MW-220) for April 17, 2006 through April 22, 2006 depict drawdown and recovery for
each of the tests (Figures 3-42 through 3-49, Appendix A). These graphs show that the
radius of influence of pumping for each well is greater than the distance between the
most distant pair, greater than 700 feet. The terms upgradient and downgradient refer
to horizontal flow from Highland Avenue toward Industrial Place Extension.

Records of MW-206, MW-209, MW-211, and MW-220 (Figures 3-43, 3-44, 3-42, and 3-
45) show that as the pumping tests progressed, these wells did not recover fully to
pretest static water levels, suggesting limited recharge of those wells. The 5-day graph
for MW-219 (Figure 3-46) showed progressively higher recovery above pre-test static
levels after each pumping event. That condition may indicate that water was moving
downgradient (for the purpose of this document “downgraident” will refer to the
horizontal movement of water, not the vertical movement) and recharging the area
around MW-219 by raising the water table during the week of testing. In the bedrock
wells, the potentiometirc surface did not return to pre-test levels indicating that less
hydraulic pressure was available because water was pumped out of the aquifer. That
condition is referred to here as “limited recharge”.

Under uniform aquifer conditions, lesser drawdown is expected in observation wells at
progressively greater distances from the pumping well. The two wells that show the
least impact on each other were MW-220 and MW-219, although they are not farthest
apart. MW-211 and MW-219 are farthest apart and demonstrate greater impact on each
other than MW-219 and MW-220. These observations indicate that the aquifer is not
homogeneous with respect to flow rates in different directions. For a discussion of
pumping tests for each pumping well, see Section 3.3.4.

The water levels in MW-203 do not show any impact from the five pumping tests (Figure
3-47) indicating that the area around MW-203 is hydraulically isolated from the
neighboring bedrock wells (MW-220 and MW-211). Drawdown and recovery from each
of the five pumping tests are clearly shown on the water levels recorded at MW-204
(Figure 3-48), which is expected because it is centrally located. Water levels in MW-207
(Figure 3-49) clearly show only the effect of pumping MW-220, which is the closest
pumping well to MW-207. Also the water table around MW-207 was apparently lowered
by pumping MW-220 because recovery was limited. The pumping tests seemed to have
an effect of water moving downgradient (toward Industrial Place Extension) and
insufficient water was available from upgradient (from Highland Avenue) to recharge the
aquifers to pretest levels.
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No impact from any of the five pumping tests in the bedrock wells is shown on the
graphs of water levels in the shallow overburden wells (Figures 3-50 through 3-58,
Appendix A). Those observations support the idea that the fractured bedrock aquifer is
confined from the overlying overburden groundwater. However, all of the overburden
wells do show a slight decline during the aquifer testing period. The tests were
conducted after a few weeks with little precipitation. In those overburden wells, water
table decline is most likely the result of no recharge from precipitation and insufficient
recharge from upgradient. Because the decline in the water table was minimal and
expected due to a lack of precipitation, elimination of background effects were not
performed for the data sets. The exception to the water table decline was MW-19.
Similar to MW-219, the water table rose in both of these wells over the course of testing.
In the vicinity of MW-19 and MW-219, both the overburden and bedrock aquifers seem
to have been recharged by downgradient flow of groundwater during the testing period.
The recharge came from the waters in the overburden and bedrock in the middle of the
Site moving from Highland Avenue toward Industrial Place Extension.

3.3.4 Graphic Analysis of Pumping Tests

To interpret pumping test data, a critical step involves identifying the theoretical aquifer
model, which the pumping and recovery curves represent. Empirical methods have
been developed with mathematical functions representing various aquifer conditions
such as:

Confined or unconfined

Leakage from source beds or impermeable beds

Delayed yield

Partial penetration of the well into the aquifer

Well-bore or casing storage

Cone of depression intercepting recharge boundaries

Cone of depression intercepting impermeable boundaries
Fracture and block model with dual porosity system

Isotropic or Anisotropic, homogeneous or directional properties

An unconsolidated aquifer of loose sediments and/or a consolidated aquifer of fractured
or porous cohesive bedrock can be characterized by one or a combination of the above
listed conceptual aquifer model properties. Each model has diagnostic curve shapes
when pumping well or observation well water levels are plotted as semilog or log-log
graphs of drawdown versus time. Sketches of diagnostic drawdown curves have been
copied and reproduced here, in Appendix A, as Figures 3-59 to 3-61 from Aquifer
Testing by Dawson and Istok (1991) and Figures 3-62 to 3-65 from Analysis and
Evaluation of Pumping Test Data by Kruseman and deRidder (1990, second edition).

Water level data from pumping wells and/or observation wells can be used for aquifer
model selection. Observation wells tend to have more pronounced signatures when
compared to their pumping wells so they are more useful in identifying aquifer
conditions. The semilog plots tend to be somewhat easier to work with than the log-log
plots. In this study, aquifer model verification is done with semilog time drawdown
graphs for both pumping and observation wells for each test.
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The basic assumption made here is that nonequilibrium or transient equations apply to
the Site because these equations were developed to evaluate confined aquifers under
transient conditions, which best matches the condition encountered at the Site. This
means that the aquifer conditions vary with time and involve storage. Specific
assumptions for such equations include:

¢ The aquifer is confined, horizontal, homogeneous, isotropic, of uniform thickness,
and infinite areal extent.

¢ The pumping well is of infinitesimal diameter and fully penetrates the aquifer.

¢ Flow to the well is radial, horizontal, and laminar.

¢ All water comes from storage in the aquifer within the area of influence and is
released from storage instantaneously with decline of pressure.

o Transmissivity and storativity of the aquifer are constant in time and space.

Since the pumping tests were conducted and observed in bedrock wells, the aquifer is
considered consolidated. Each of the time drawdown plots exhibits a similar
characteristic curve which has been interpreted to represent the following aquifer
conditions:

e Leaky Confined with drainage from Wellbore Storage

The diagnostic parts of the curves are identified on semilog graphs. The wellbore
storage is actually the quick pump down of the water from inside the wellbore or well
casing. At the beginning of pumping, the effect occurs over a very short time period
because drawdown is limited in the wells and the pumping rates are relatively low.
There are insufficient data to demonstrate if the leakage effect is related to source beds
or impermeable beds at the Site. The pumping time was not long enough to observe
and differentiate the origin of the leakage.

The terms “confine” and “leaky” or “leakage” at first seem to be opposites and mutually
exclusive. This dichotomy is explained in the US Department of Interior Ground Water
Manual (1985, page 121) as:

“Under sufficient head, even apparently impermeable geologic materials will transmit
water, and confining layers enclosing artesian aquifers are no exception. Where two or
more aquifers are separated by a confining layer, pumping may disturb the mutual
hydraulic balance and result in an increase or decrease in leakage between the
aquifers. Such leakage is a boundary condition. Theoretically, the area of influence of a
discharging well expands until leakage into the aquifer induced by the well equals the
well discharge. At this point the area of influence stabilizes and the drawdown becomes
constant with time. Conversely, if discharge from a well in an aquifer that is losing water
by leakage balances the amount of leakage, the area of influence will stabilize.”

At the Site, aquifer conditions consist of a bedrock aquifer confined from the overlying
overburden till material. As pumping continues, leakage affects successive observation
wells as the cone of depression expands. As discussed above, background effects
were not removed from the data sets after the pumping tests.
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Pumping Test for Well MW-211 (Figures 3-66, 3-67, 3-68, 3-69, and Tables 3-5, 3-6)

The pumping test at MW-211 was the most successful in terms of providing a textbook
example of data. All the pumping curves are smooth because the pumping rate of 2.0
gpm was maintained throughout the pumping period. Semilog plots of pumping well
MW-211 and observation well MW-204 were prepared for aquifer model verification
(Figures 3-66 and 3-67). The confined aquifer condition is the straight line portion of the
curve (Figure 3-59a, Figures 3-60 and 3-61, and Figure 3-62 A and A’). The effects of
leakage are shown in the curved line portion of the curve after the confined straight line
segment (Figure 3-59 b, Figures 3-60 and 3-61 Leakage and Figure 3-62 C and C’). As
logic would predict, the wellbore storage effect is shown in the pumping well, but not in
the observation well. The well storage (casing storage or wellbore storage) effect is the
rapid early drawdown when water is pumped out of the casing (Figures 3-60 and 3-61
Well Storage and Figure 3-64 A and A’). The wellbore diameter of the bedrock wells is
approximately 4-inches and the well storage is pumped out in about 2 minutes, lowering
the water level a little more than one foot below static.

Using Jacob’s Approximate Solution for the Non-equilibrium Equations, with pumping
well recovery data (Figure 3-68), “delta s’ ” is the change in drawdown measured over a
time interval of one log cycle on the residual drawdown plot. Transmissivity of the
pumping well is calculated at 136 gpd/ft based on delta s’ of 1.55 feet and pumping rate
of 2.0 gpm (Table 3-5).

Applying Jacob's Approximate Solution for the Non-Equilibrium Equations, using
purnping data from the cbservation wells, “delta s” and “t-zero” are measured from the
semilog graph of s versus t/t’ (Figure 3-69), where “s” is the drawdown during pumping
and “t-zero” is the time on the horizontal axis where the projected straight (confined)
portion of the curve intersects the horizontal axis at drawdown equal to zero (s = 0.0).
“t” is the time since pumping began and t' is the time since pumping stopped. With the
distance between the pumping well and the observation well, “delta s,” and “t-zero,”
transmissivity (T) and storativity (S) of the intervening aquifer was calculated (Table 3-
5).

In the confined bedrock aquifer, the potentiometric surface was lowered with pumping
tests; however, the upper portion of the bedrock remained saturated. Calculations of T
and S were based on the total thickness of the aquifer.

Review of the relative position of observation wells on the drawdown plot (Figure 3-69)
provides supporting data for the interpretation of anisotropic aquifer conditions. An
“isotropic” aquifer has uniform flow conditions in all directions and the cone of
depression around the well is concentric. An “anisotropic” aquifer has preferred
directions of groundwater flow, usually associated with fracture or bedding orientation.
In the Hudson Valley, preferred flow is generally in the North 30 degrees East to South
30 degrees West (N30'E to S30°W) orientation parallel to the strike of isoclinal folded
beds in the region. Usually an anisotropic aquifer is associated with an elliptical cone of
depression with the long axis parallel to the preferred direction of groundwater flow. The
ellipse at various times shows the advance of the cone of depression. The cone of
depression advances faster in the preferred direction of flow and slower at right angles
to the preferred direction.
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Table 3-6 was constructed from inspection of the curves of the observation wells during
pumping of MW-211 (Figure 3-66). The order of most- to least-pronounced pumping
drawdown was listed as MW-204, MW-220, MW-206, MW-209, and MW-219 as
recorded in the first column for MW-211. The next column has the distance from MW-
211 to the observation well listed in column one. One can see that wells MW-220, MW-
206, MW-209, and MW-219 are progressively farther from pumping well MW-211.
However, MW-204 shows a more-pronounced response (greater drawdown) to pumping
of MW- 211 than the closer wells MW-220 and MW-206. That effect reflects the lowest
storativity value between MW-211 and MW-204. The greatest transmissivity value is
calculated between MW-211 and MW-219 defining a preferred flow direction and
showing anisotropic conditions in the aquifer.

Pumping Test for Well MW-206 (Figures 3-70, 3-71, 3-72, 3-73 and Tables 3-5, 3-6)

Pumping well MW-206 was the first of the five pumping tests conducted in the new
bedrock wells on site. Some complications arose during the test including regulating the
pumping rate at the beginning of the test, the generator ran out of fuel after 2 hours and
20 minutes of pumping, and there was difficulty in balancing the pump discharge with
the back pressure from the carbon filter and tubing. Due to those mechanical mishaps,
the semilog pumping well drawdown plot (Figure 3-70) is not particularly useful in
selecting or verifying an aquifer model. However, the semilog time drawdown plot for
observation well MW-204 clearly verifies leaky confined aquifer conditions.

The residual drawdown recovery plot (Figure 3-72) was used to measure delta s’, and to
calculate T. From the semilog drawdown plots from pumping well MW-206 and the
observation wells (Figure 3-73), delta s and t-zero were measured and Sand T
calculated for the aquifer (Table 3-5). Based on Table 3-6, Figure 3-73, and T
calculations, MW-209 and MW-219 have the greatest drawdown in response to pumping
at MW-206 because they have the lowest storativities among the observation wells. The
highest transmissivity value between MW-206 and MW-219 indicates a preferred
direction of groundwater flow related to fracture pathways.

Pumping Test for Well MW-209 (Figures 3-74, 3-75, 3-76, 3-77, and Tables 3-5, 3-6)

MW-209 is the well exhibiting artesian conditions with groundwater overflow from the top
of the well casing during most of the year, except during drought. Initially, pumping the
well showed drainage of wellbore storage from zero to 15 feet in 8 minutes (Figure 3-
74). The pump was adjusted at 9 minutes and pumping rate stabilized at 3 gpm. After
156 minutes of pumping, the observed signs of drawdown leveling off indicated leaky
aquifer conditions for the remainder of the test. The leaky confined aquifer model is
verified by the semilog drawdown plot for observation well MW211 (Figure 3-75). Delta
s’ was measured on Figure 3-74 and delta s and t-zero were measured on Figure 3-77.
The measurements and calculated values for T and S are shown in Table 3-5). The
order of pumping response shown in observation wells (Figure 3-77) and recorded in
Table 3-6 indicates the greatest drawdown in observation wells MW-206 and MW-219,
as occurred when MW-206 was the pumping well. The highest transmissivity occurs
between MW-209 and MW-220.
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Pumping Test for Well MW-220 (Figures 3-78, 3-79, 3-80, 3-81 and Tables 3-5, 3-6)

From the packer tests, the summation of the yields from individual test zones suggested
well MW-220 might be capable of pumping about 12 gpm. The limit of a Grundfos Redi-
flo2 is about 8 gpm. A Redi-flo3 was installed in the well for the pumping test to
accommodate the expected greater pumping rate. The pump was turned on at 12 gpm
and water level in the well declined to a depth of 170 feet within 22 minutes. The
pumping rate was adjusted in an attempt to stabilize drawdown. Stabilization was not
easily achieved and the pump was turned off. In 36 minutes, the well recovered to
within 30 feet of the static level. The pump was turned on and the water level was found
to stabilize at 2.5 gpm for the remaining 290 minutes of the test.

The semilog plot of pumping well MW-220 (Figure 3-78) could not be used for model
verification because of the drawdown and recovery prior to stabilization. However, the
semilog drawdown plot for observation well MW-206 (Figure 3-79) shows the expected
curve of a leaky confined aquifer. The residual drawdown recovery plot for pumping well
MW-220 was used to estimate delta s’ (Table 3-5). Delta s and t-zero were measured
for each of the observation wells on the time drawdown plot (Figure 3-81). The
calculated values of S and T are shown in Table 3-5. The greatest pumping response
(Figure 3-81) was shown at the nearest wells: MW-211, MW-204, and MW-206. The
greatest transmissivity was calculated between MW-220 and MW-219 indicating a
preferred flow direction in the anisotropic aquifer. The transmissivity between MW-220
and MW-207 was lower than that for MW-219, but high enough to delineate another
preferred flow direction.

Pumping Test for Well MW-219 (Figures 3-82, 3-83, 3-84, 3-85 and Tables 3-5, 3-6)

An inspection of the semilog drawdown plot for pumping MW-219 (Figure 3-82)
indicates that after four minutes of pumping and 7 feet of drawdown from wellbore
storage, the water level stabilized and actually rose somewhat for 20 minutes. The end
of decline and slight rise in water level is interpreted as the cone of depression reaching
a nearby recharge boundary after four minutes of pumping. Such a recharge boundary
may be associated with a nearby wetland to the north or a leaky storm sewer beside the
road. The pump rate was increased slightly and the water level dropped nearly five feet
in four minutes, then stabilized for 18 minutes. After pumping for a total of 286 minutes,
the pump was accidentally turned off because a truck parked on the discharge tubing.
The water rose in the well for 30 minutes until the truck was moved and the pump
restarted.

The semilog plot of drawdown in observation well MW-209 (Figure 3-83) verifies the
leaky confined aquifer model of interpretation. Delta s’ was measured on the semilog
residual drawdown of recovery data from the pumping well (Figure 3-84). Likewise,
delta s and t-zero values were measured for each of the observation wells on the
semilog pumping drawdown plot (Figure 3-85). Calculations for T and S are shown in
Table 3-5. The greatest drawdown is shown in wells MW-209 and MW-206 due to low
storativity values (as also shown while pumping those wells). Inspection of Figure 3-85
and Table 3-6 shows the greatest transmissivity occurring between wells MW-219 and
MW-211 and between wells MW-219 and MW-220, reflecting preferred flow directions
in the aquifer.
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Spatial Distribution of Transmissivity and Storativity

The storativity and transmissivity calculations for each pair of pumping well and
observation well resulted in 26 values for S and T. Twenty-six of those parameters are
paired values computed from pumping well A with observation well B and pumping well
B with observation well A. Two maps were constructed to show the two-dimensional
spatial distribution of the aquifer parameters Storativity and Transmissivity. A map of
preferential flow directions was drawn using the higher value of the pairs of the
calculated transmissivities (Figure 3-86). A map of areal variations in storativity (Figure
3-87) shows four areas:

Horizontal Flow Isolation

Very Slightly Leaky Confined Aquifer
Slightly Leaky Confined Aquifer
Moderately Leaky Confined Aquifer

Hydraulic conductivity is a common parameter used to compare aquifers. Hydraulic
conductivity (k) can be calculated from transmissivity, by knowing the thickness of the
aquifer. Based on the packer tests, the thickness of the aquifer in each well is defined
as the interval between the bottom of the deepest productive packer zone to the top of
the most shallow productive packer zone. Estimates of hydraulic conductivity for the
total aquifer are shown in Table 3-7. The packer tests indicate that there are two
productive aquifer zones in the bedrock wells, with the exception of MW-211 with only
one. The top of the most productive zone tends to be about 90 feet below the land
surface and the zone averages 40 feet thick, except for MW-220. The top of the lesser
water-producing zone is 39 feet below land surface and averages 22 feet in thickness.
In addition, calculations of hydraulic conductivity of the lower aquifer are shown in Table
3-7.
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4.0 Hydrogeologic Testing Results, Conceptual Site

Hydrogeological Model, and Summary of Interim Remedial
Measures at the Parella Well (W-30)

This section provides an evaluation of hydrogeologic conditions with conclusions from
aquifer testing of the new wells installed at the site. The packer tests and pumping tests
provide information on vertical and horizontal connectivity of fractures in bedrock. A
conceptual hydrogeologic model of the Site defines subsurface overburden and bedrock
setting, contaminant distribution, and geochemical aquifer conditions. Based on
previous site characterizations, two interim remedial measures were proposed for
specific areas of the site prior to initiation of a site-wide remedial alternative. The interim
progress reported in this document (for the Parella Well Pumping and Sub-Building
Vapor Testing) was previously reported in a separate document dated May 2007. For
the Site-wide groundwater cleanup, remedial alternatives are evaluated in Section 5.0.

4.1 Summary of Hydrogeologic Testing Results

Prior to this study, the aquifer conditions were defined based on water level
measurements taken when samples were collected from the monitoring wells. At that
time, groundwater flow direction was determined to be to the south. Artesian conditions
were known to exist at MW-9, located in the downgradient area close to the west side of
Industrial Place Extension.

Packer testing and pumping tests in the bedrock wells have been used to more
accurately evaluate the subsurface aquifer conditions in the groundwater flow field
downgradient from the on-Site industrial building. This data has been used to provide a
quantitative conceptual aquifer model (in three dimensions) for the Site. Productive
aquifer zones have been identified in each well with packer testing. Horizontal flow
conditions, from observation wells toward the pumping wells, have been evaluated to
demonstrate the area and magnitude of pumping influence. Aquifer parameters
including sustainable well yield, aquifer thickness, storativity, transmissivity and
hydraulic conductivity have been evaluated. Graphic plots of pumping drawdown versus
time verify the leaky confined aquifer model throughout the flow field. Leakage is found
to increase upgradient to the northwest away from Industrial Place Extension. In other
words, the top of the bedrock aquifer is more confined and less leaky in the
downgradient wells near Industrial Place Extension. Preferred directions of groundwater
flow have been identified between wells and interpreted as a resuit of more efficient
movement through fracture systems. It is possible that contaminant concentrations may
be a result of variations in flow conditions between upper and lower aquifer zones and
lateral location in the groundwater flow field.
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Drilling Wells and Bedrock Coring

A total of 671 feet of core (2.75-inch diameter) was obtained while installing the five
bedrock wells (MW-206, MW-209, MW-211, MW-219, and MW-220). The cores were
inspected for fractures and described in terms of lithology and sedimentary features
(Table 3-3, Appendix B). Fractures in the core ranged from horizontal to vertical with the
most open fractures near vertical with limited vertical extent (less than 10 feet). Fifty-six
photographs provide a record of fractures and sedimentary features in cores (Appendix
A).

Borehole Video Taping

The bedrock wellbore of each of the wells was photographed on video tape and later
copied to DVD. The video shows the camera descending and ascending in the
borehole. By carefully examining the detail of the tape, the viewer can determine where
fracture openings actually exist in the well. Sometimes the video showed fractures at
depths where the core did not exhibit open fractures and vice versa. Both bedrock
coring and video taping were helpful, but borehole video tape was by far the most cost
effective and efficient method of determining aquifer conditions in this area. Thirty-six
fracture zones were identified in cores and video for packer testing (Table 3-3).

Packer Testing

A total of 36 packer tests were conducted in five bedrock wells (MW-206, MW-209, MW-
211, MW-219, and MW-220). The packer assembly provided 10 feet of vertical
separation between the two packers. Depths of test zones were selected from evidence
of fractures in the rock core and/or on the video tape. During testing, some of the
selected test zones were not productive. In other words, water pumped from the packer
zone was not recharged with water entering from the surrounding bedrock formation.
The nonproductive test zones were most often found to be located near the ground
surface. This condition probably arises because groundwater enters the well from
deeper fractures and moves up in the well.

Most of the wells, with the exception of MW-211, have two productive zones, which have
been broken down for the purpose of this report into the “most productive zone” and the
“lesser productive zone”. The top of the most productive zone (lower aquifer zone)
tends to be about 90 feet below the land surface and averages about 40 feet thick. The
top of lesser productive zone (upper aquifer zone) is about 39 feet below land surface
and averages 22 feet in thickness.

Some of test zones were found to be hydraulically connected to water in the formation
above or below, as indicated by decline of the water level in response to pumping in the
packer interval. However, the pervasive nature of fractures indicated in earlier reports
was not confirmed in this study.

Pumping Tests

Pumping tests demonstrate that the bedrock aquifer is characterized as a confined
aquifer with increasing leakage upgradient to the west. Calculated hydraulic
conductivity of the aquifer is in the range (1 to 10 gpd/ft?) expected for fractured bedrock.
The wells near Industrial Place Extension (MW-206, MW-209, and MW- 219) show
nearly confined conditions based on calculated storativity values. The aquifer is
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anisotropic with preferred groundwater flow direction generally parallel to Industrial
Place Extension (ranging from N 14°E to N 41°E) as shown by high transmissivities
between MW-219 and MW-220, and between MW-219 and MW-211. A secondary
direction of strong flow seems to be between MW-220 and MW-207 (about S 60'W or N
120°'W). A small recharge boundary very close to the well was interpreted from
drawdown data for pumping well MW-219. Recharge may be from the nearby wetland
or a leaky storm sewer.

For the bedrock wells, the sustainable yield or pumping rate is 2.5 gpm or less.
However, such a low pumping rate has been demonstrated to have a radius of influence
beyond the wells in the project area. If remediation is to involve pumping, the deepest
well (MW-220) is centrally located and has good hydraulic connection with all of the
wells, with the exception of the isolated cluster at MW-203. In addition, some
contribution from the overburden will flow downward into the bedrock due to the leaky
aquifer condition, although this will occur somewhat slowly.

Contaminant Distribution in Packer Test Samples

Groundwater samples were collected at the end of each packer test. The validity of
each sample was established based on the evacuation of a full packer interval and
tubing volume prior to sampling. If not fully evacuated, the sample was deemed
“‘invalid.” Concentrations of 1,2 dichloromethylene, tetrachloroethylene, toluene, and
TCE were all below 500 pg/L. The highest concentration, since Decermber 2000, was
710 pg/L of tetrachloroethylene measured in MW-220. That concentration is at least two
orders of magnitude lower than the highest concentration previously measured in MW-5,
which is immediately upgradient of MW-220, and most of the bedrock flow field.
Although the possibility of cross-contamination should be considered when reviewing
the results from the packer testing samples (see Section 3.2), it is of note that the
concentrations measured were lower than those previously measured in 2000. These
findings indicate that contamination may be decreasing under natural conditions.

Analysis of the packer samples indicates that in MW-220 and MW-219 the highest
concentrations seem to be in the upper aquifer zone when compared to the lower
aquifer zone. In MW-209, concentrations in both upper aquifer and lower aquifer zones
are about equal. In MW-206, concentrations were found to be significantly lower than
other wells. In MW-211, there is no upper aquifer zone and concentrations of water
from the lower aquifer zone are greater than dormant waters in the well. These
observations suggest that MW-206 and MW-211 are on the edges of the contaminant
plume.

4.2 Conceptual Site Hydrogeologic Model

A general outline of Section 4.2 and subsequent remedial design (Figure 4-1, Appendix
A) comes from an online document prepared by Department of Defense Strategic
Environmental Research and Development Program (2004) entitled “Principles and
Practices of Enhanced Anaerobic Bioremediation of Chlorinated Solvents”. Although the
specific title and content developed in that document pertain to enhanced

bioremediation of chlorinated solvents, the outline and conceptual development apply to
screening and planning for remediation of groundwater at any site. Hence, the top three
steps of the anaerobic bioremediation road map (Figure 4-1) provide an outline for
defining remedial objectives, justifying a remedial approach, presenting details of a
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conceptual site model, and discussing the site model with respect to anaerobic
biodegradation and alternate technologies. This section is written to synthesize the
hydrogeologic data provided above with chlorinated solvent contaminant distribution
data from groundwater sampling events and geochemical data used in evaluation of
potential natural biological degradation.

The conceptual site model (Figure 4-2) encompasses hydrogeologic information
including: contaminant source characterization, contaminant distribution in the
overburden and bedrock water-bearing zones, and risk assessment. These factors will
be discussed with the exception of risk assessment. Because the homes in this area
were connected to municipal water lines over 25 years ago, it is believed that the risk to
human receptors by contaminated water is limited.

The downgradient extent of contamination has not been encountered. Wells have been
drilled at the most downgradient extent of adjacent undeveloped properties. A report
(Lubricants Packaging and Supply Company, Inc. (LPS) report, June 2002) was
obtained from NYSDEC documenting groundwater contaminants at LPS, a property on
the southeast side of Industrial Place Extension across from monitoring wells MW-206
and MW-209. Most of the wells at LPS commingle waters from overburden and
bedrock, but there is one well that is screened in bedrock only. In the 2002 sampling
event at LPS, contaminants identified included: PCE, TCE and cis-1,2-DCE, which have
also been identified in the Wallkill Well Field subsurface, as well as trichloroethane
(TCA), chiorobenzene, and other ethanes, which have not been found at the Wallkill site.

Groundwater flows off-site in a southeast direction in both the overburden and the
bedrock water-bearing zones. Beyond LPS, Risdon Buildings and the railroad track,
there is an undeveloped low area with a stream called “Draper Run” as identified in the
LPS report. Sampling associated with the LPS facility detected TCA in the stream, but
no PCE or TCE. It was indicated, in the report that was reviewed, that the TCA
concentration (1.6 ug/L) from the stream sample could have originated from anywhere in
the drainage basin. Although TCA has not been found during sampling events at the
Site, the absence of PCE and TCE in surface water does not necessarily define the end
of the contaminant plume.

Cottage Street is located parallel to Industrial Place Extension on the other side of
Draper Run. Similar to the homes on Highland Avenue, the homes on Cottage Street
are supplied by municipal water from the City of Middletown. For that reason, it is
believed that there the risk to human receptors from the groundwater downgradient from
the site, is limited. The LPS report draws the same conclusion with respect to human
receptors.

Pumping tests of MW-219, MW-209, and MW-220 indicate that the wells have a large
downgradient area of influence, assuming some symmetry of drawdown. Those wells
are potentially capable of reversing plume migration and could be used to draw
contaminant waters back to the site for cleanup with the selected in-situ remedy.
However, such an action would most likely bring contaminants, believed to originate at
the LPS facility, into the subsurface at the Wallkill Well Field Site. The bedrock well at
LPS and an additional well at Ridson could potentially be used to monitor downgradient
groundwater conditions.
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4.2.1 Contaminant Source Area

Soil and soil gas analyses conducted on the Site have been used to define the extent
and location of subgrade (and, within the footprint of the on-Site building, sub-slab) soil
contamination. The following conclusions were reported in the Summary Report of
Subsurface Investigation, ESI, May 2007:

Only one boring at one depth (SB-8 16'-16.5’) contained levels of PCE above the
site-specific action level. PCE is present at 460,000 ug/kg, compared to the
action level of 12,000 pg/kg. This boring is located to the south of the northern
“hotspot” and may be spatially connected to this area. Residual PCE
contamination in the vicinity of SB-8 warrants a response action (e.g., removal,
treatment).

All other borings on the Site documented levels of PCE well below the site-
specific action levels, including several samples where PCE was not detected at
all. These data support the following conclusions:

o The physical extent of contamination under the building is very limited.
o There does not appear to be any connection between the “northern” and
the “southern” hot spots.

Remediation of soils in the vicinity of SB-8 is complicated by the presence of the
building. In-situ remediation may be more cost effective.

In addition, the following conclusions have also been drawn about the extent and
location of subgrade soil contamination:

Groundwater is within 5 to 10 feet of the ground surface around the on-Site
industrial building. The seasonal fluctuation is about 7 feet and direction of fiow
is to the east-southeast from the building. Any substantial volume of soil under
the building containing significantly elevated concentrations of PCE could be a
source of dissolved PCE in wells to the east-southeast of the structure.
However, a PCE concentration of 460,000 ug/kg in one soil boring, as found at
soil boring SB-08 in May 2007, does not constitute a substantial volume or a
source.

The PCE is suspected to be in the soil and groundwater at the soil/bedrock
interface. The mobility of dissolved PCE in groundwater could pose a potential
for continued contaminant dispersal in groundwater. However, soil borings SB-8,
and SB-11 were the deepest borings near the area of suspected contamination.
With groundwater flow to the southeast and shallow borings in that direction, the
PCE may be trapped in a low bedrock basin. A specific remedial effort may be
required to reduce the PCE concentrations in this hydraulic trap.

An exact location of a source area for the groundwater plume has not been
identified near the building. The north and south “hot spots” were excavated and
backfilled with clean material. In general, levels of PCE are declining in the
overburden and bedrock groundwaters most likely due to downgradient flow,
hydrodynamic dispersion, and natural dechlorination.
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4.2.2 Hydrogeologic Synopsis

Hydrogeologic data has been obtained from 23 monitoring wells and 3 former residential
water supply wells (Table 4-2, Appendix B). As discussed above, groundwater flow is
generally in a south-southeast direction from the on-Site industrial building. In the
residential area to the southwest of the building, groundwater flow is generally to the
southeast.

In the overburden (composed of sand, silt, and glacial till); monitoring wells,
approximately 10 to 15 feet deep, are associated with flow along the overburden-
bedrock interface. These wells have approximately 5 to 10 feet of standing water.
Pumping tests demonstrate that the bedrock aquifer is confined from the overburden,
with the exception of some leakage under pumping conditions.

The bedrock aquifer has two productive zones, as discussed in Section 4.1. The top of
the “more productive zone” (lower aquifer) is at a depth of approximately 90 feet and
averages 40 feet thick. The top of the “lesser productive zone” (higher aquifer) is at a
depth of 39 feet with an average thickness of 22 feet. Groundwater movement in the
aquifer (consisting of interbedded silty shale and silty-fine sandy siltstone bedrock) is
associated with fractures. Pumping tests demonstrate hydraulic connectivity between
bedrock wells throughout the flow field. Hydraulic conductivity between bedrock wells
ranges from 1.7 to 11.5 gpd/ft’ (0.8 to 5.4 E-04 cm/sec) for the full thickness of the
bedrock aquifer (Table 3-7).

Calculations of hydraulic conductivity prove to be somewhat higher in the lower aquifer
at 4.1 to 20.1 gpd/it® (1.9 to 9.5 E-04 cm/sec). The hydraulic conductivities are within
about one order of magnitude indicating somewhat uniform flow conditions within the
fractures. In bedrock under natural flow conditions (no pumping), average linear flow
ranges from 0.14 to 0.64 ft/day, whereas under pumping conditions, flow velocity ranges
from 1.06 to 3.93 ft/day, averaging 1.91 ft/day (Table 4-1). Table 4-2A, Quarterly Depth
to Water and Static Groundwater Elevations, includes depth to water and static aquifer
conditions for the site.

4.2.3 Contaminant Distribution

Dissolved PCE, TCE, and DCE have been found in several on-Site monitoring wells
down-gradient of the on-Site building (Figures 4-3 and 4-4, Appendix A). In November
of 2006 and March of 2007, eighteen sub-slab soil boring were located at the Site, as
reported in the Summary Report of Subsurface investigation. A significant concentration
of PCE, but no free product, was detected south of the identified northern “hot spot”
(Figure 1-2). It was determined, however, that the extent of the contamination under the
building is limited. A separate proposal has been submitted to the USEPA to remediate
this area.
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Previously, ESI identified four areas that might require specific remedial actions.
Additional information led to a proposal for the remediation of a small area under the
building near SB-8 as reported in a separate report and workplan. The other three
locations will be treated with the Site-wide remedial action identified in Section 5. These
areas are as follows:

The former Parella Well;

Well MW-5, overburden well downgradient from source area;

MW-3, MW-16, MW-203 Triplet in isolated zone, and,

The overburden and bedrock aquifers outlined by MW-202, MW-219, MW-206,
and MW-211.

Overburden monitoring well MW-5 lies within the outlined aquifer area, but it has shallow
groundwater and the contaminant concentration is a statistical outlier because
apparently an unknown source area is dispersing contamination.

The hydraulically isolated triplet of wells (MW-3, MW-16, and MW-203) are also located
within the outlined aquifer area. None of the three wells showed a response to pumping
of the downgradient bedrock wells (MW-206, MW-209-MW-211, MW-219, and MW-
220). Dissolved chlorinated solvent contamination from the source area moves
downgradient and apparently becomes trapped in this area. However, these three wells
(MW-3, MW-16, and MW-203) have a limited response to the pumping of the Parella
Well (W-30), which indicates a hydraulic connection in the upgradient direction.

Review of previous reports (Table 4-2), indicates that total VOC concentrations have
been diminishing over the duration of four sampling events: December 2000, January
2001, December 2002, and April 2005.

4.2.4 Geochemical Conditions in Aquifers

Given that the contaminants in the groundwater plumes are comprised of chloroethane,
PCE, TCE, and DCE with very minor occurrences of VCs; potential degradation
processes are limited to anaerobic reductive dechlorination, metabolic anaerobic
reduction, or a biotic transformation (Table 4-3). The reactive process of these
degradation alternatives are described briefly in Table 4-4. The reaction necessary to
drive the degradation from PCE to TCE to DCE to VC is shown in Figure 4-5.

A review of overburden and bedrock aquifer characteristics suitable for enhanced
anaerobic bioremediation (Table 4-6) indicates that both of the Site aquifers would be
classified as suitable with respect to the following:

Dense non-aqueous phase liquid (DNAPL) presence (Figures 4-3 and 4-4);
plume size;

limited infrastructure;

presence of cis-1,2-DCE as evidence of dechlorination of PCE;

depth to water table is less than 50 feet in both overburden and bedrock;
hydraulic conductivity (Table 3-7);

groundwater velocity (Table 4-1); and,

sulfate concentrations less than 500 parts per million (ppm) (Tables 4-8, 4-9 and
4-10).
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A compilation of the pH measurements taken in the field indicates a variation in readings
in the same well from event to event (Table 4-9). The most recent set of readings (April-
May 2005), and the only ones for the new bedrock wells, indicates that all of the bedrock
wells have a pH that ranges from 6.0 to 8.0 and only three of the overburden wells (MW-
4, MW-6, and MW-9) do not fall in this range.

A compilation of oxidation-reduction potential (ORP) measurements taken during
sampling events (Table 4-10) has been compared with the range needed for optimal
anaerobic dechlorination (Figure 4-6). Measurement from two of the bedrock wells
(MW-203 and MW-209) are outside the optimal range needed for an oxidation-reduction
reaction, indicating that the majority of the bedrock aquifer may be a good candidate for
anaerobic dechlorination of the chloroethenes dissolved in the groundwater.

A classification system for chlorinated solvent plumes (Figure 4-7 and Table 4-5) divides
plumes into Types 1, 2, and 3 based on available organic carbon (electron donor),
electron acceptors present, redox conditions, and the presence of certain degradation
products. The presence of cis-1,2-DCE places the Site aquifers in the second row of
Table 4-5. With respect to the presence or absence of dissolved oxygen (Table 4-11),
the measured results vary from sample event to the next, but the last complete round of
sampling indicates that the bedrock wells have little to no dissolved oxygen and are
therefore in a Type 1 aquifer, and the overburden wells have dissolved oxygen and are
in a Type 3 aquifer.

The presence of a Type 3 aquifer in the overburden and a Type 1 aquifer in the bedrock
may make the Site a good candidate for remediation according to the hydrogeologic
information provided in Figure 4-7 and Table 4-5. The bedrock aquifer has by far the
greatest quantity of water to be treated, so anaerobic conditions in the bedrock aquifer
appear to make it a candidate for remediation. Leakage of the overburden to the
bedrock aquifer under pumping conditions would have the undesired effect of moving
the dissolved contaminants from the overburden into the bedrock aquifer and possibly
from aerobic to anaerobic conditions. The volume of leakage from the overburden is
likely to be small compared to the volume for potential mixing in the bedrock, which
would perpetuate anaerobic conditions. That effect, however, supports some form of
remediation in-situ without pumping.

4.3 Summary of interim Remedial Measures at the Parella Well (W-30)
4.3.1 History of the Parella Well (W-30)

The Parella well (W-30) was originally a residential water supply well for the house
located at 320 Highland Avenue, which is southwest of the former General Switch
building. Currently, the house is owned by Mr. Piccolo and rented to tenants. The total
depth of the well is 129 feet from top of casing (TOC) at 642.8 feet relative to mean sea
level (see Table 4-10, from 1994 Site Characterization Report by Jacobs, Shakti, and
Sadat).

From October 17 to December 26, 1983, the Parella well (W-30) was used as an
extraction well by pumping at approximately 0.5 gpm. An estimated 21 pounds of
tetrachloroethylene was removed from the well (Site Characterization Report, page 1-6).
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Until the introduction of municipal water supply to the homes along Highland Avenue
(1983), pumping of domestic supply wells created flow of groundwater from the General
Switch building to the southwest. It is theorized that dissolved contaminant and possibly
free product moved toward the Parella well and then downgradient from there. Once
residential wells stopped pumping, static conditions indicate downgradient groundwater
flow is to the southeast (Site Characterization Report, page 7-18 and 7-19).

For a period of time, the location of the Parella well was unknown. On April 25, 2005 Mr.
Piccolo, was on site during groundwater sampling activities and identified the well, which
is located beneath the left rear corner of the front gardening shed. The wellhead is only
accessible from inside the shed or through a back panel released from inside of the
shed.

Laboratory analyses of samples taken in 2005 measured 130,000 ug/L
tetrachloroethylene in groundwater from the Parella well; however, free product
measurements were not taken during the sampling event. This concentration is one-half
of the historical high (260,000 ug/l) detected at the well in 1983 (Site Characterization
Report, pages 1-5). Itis not known how the contaminant is accumulating in the Parella
well, although it may be from backflow due to the change in static conditions described
above.

4.3.2 Pumping Test of the Parella Well (W-30} June 2007

In order to determine both the need for and design of an appropriate remedial system for
the collection and disposal of the suspect DNAPL in the Parella well (W-30), testing was
implemented in order to collect data from the well.

Observation Wells

The workplan called for five observation wells, including shallow bedrock wells MW-12
and MW-13, and deep bedrock wells MW-202, MW-204 and MW-207. Pressure
transducers were installed at each observation well to monitor water level fluctuations.
To confirm electronic monitoring, manual water level measurements were taken with a
water level indicator in each of the monitoring wells five times during daylight hours.
During installation of tranducers, it was decided to monitor additional shallow wells MW-
2, MW-5, MW-6, MW-7, MW-10 and bedrock wells MW-203 and MW-220. The pressure
transducers were set to record water level and temperature every ten minutes. The
transducers were placed at a depth of 10 feet below the water level and at least 10 feet
above the bottom of the well to record variations in water levels in the wells from the
pumping of W-30. A pressure transducer was set up near MW-203 to monitor
barometric pressure in order to correct the pressure readings. Product thickness at W-
30 was measured prior to the pump test using a Solinst or Heron interface meter
capable of indicating the interface of water and the DNAPL; no free product was
detected in the well.

Pumping Test

A Grundfos Redi-flo2 and dedicated Teflon tubing were installed to the bottom of W-30.

The Grundfos pump was used because it allowed very fine control of the discharge rate

with the variable frequency drive. A recording transducer (Instrumentation Northwest 15
psi) was placed in the pumping well (W-30) in order to record real-time depth to water at
5-second intervals. A passive transducer (Solinst Levelogger 250 psi) recorded water
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levels at one minute intervals throughout the entire testing period at a depth of
approximately 130 feet below TOC.

Pumping began with 0.5 gpm and was increased by 0.5 gpm in 6 intervals. The water
was pumped into a tank at the south corner of the building. A 55-gallon drum was used
to store the water during flow rate measurements. Pumping continued from June 26,
2007 11:20 AM until June 27, 2007 1:36PM. The transducers were left in the wells until
Friday morning, June 29, 2007.

Disposal of Discharge Water

All liquids generated during the pump test were containerized on-Site in a storage tank
of sufficient capacity. Contents of the tank were removed for proper disposal by Enviro
Waste Oil Recovery, LLC on October 9, 2007.

Pumping Well Water Levels

Water levels and elevations, hydraulic pressures, and barometric pressures were
tabulated for four significant times: installation of transducers, start of pumping, end of
pumping, and removal of transducers (Table 4-13).

Graphs of the pumping well (W-30) illustrate drawdown and recovery (Figure 4-11) for
the well. The six steps of drawdown are shown with pumping rate and duration (Figure
4-12).

Observation Well Water Levels

The wells closest to the Parella well showed the greatest response during pumping
(Figure 4-14). MW-12, at a distance of less than 20 feet from the Parella well, had a
maximum drawdown of 19.41 feet. MW-2 and MW-203 were also affected by the
pumping test. Likewise, MW-7 and MW-207 show a similar effect with lesser amplitude
because they are farther away from the pumping well.

The greatest response to the pumping test was observed in the bedrock wells,
diminishing with increasing distance from the pumping well (Figure 4-15).

Maps of Static Water Levels and Maximum Drawdown

Pre-test water elevations in the bedrock wells are depicted as Figure 4-17. The
maximum drawdown for the bedrock wells is depicted as Figure 4-18 and for the
overburden wells is shown on Figure 4-19. Similarities exist between the current figures
and the three maps from the 1992 pumping test.

Chemical Analyses from Pumping Well W-30

Laboratory analyses for VOCs are summarized in Table 4-14. Water from the holding
tank was also sampled. Two additional samples were taken in July to determine if
additional DNAPL was entering the well.

As shown in Table 4-14, three VOCs were detected above laboratory detection limits in
the samples from June 2007. The first sample taken from the pumping well about 40
minutes after pumping began, had 31,000 ug/L cis-1,2,-DCE, a biodegradation product
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of PCE. PCE and TCE were not detected in the sample. It appears that in the previous
two years PCE was converted to TCE and then further degraded to cis-1,2,-DCE in the
area of the Parella well.

As pumping continued, PCE and TCE entered the well and the concentration of cis-1,2,-
DCE diminished to 19 ug/L. The level of cis-1,2,-DCE was 14 ug/L in July 2007. During
this time, PCE and TCE remained fairly constant at 200 ug/L and 40 ug/L, respectively.

Since PCE and TCE are the chemicals of concern at this site, the presence of cis-1,2,-
DCE indicates that natural reductive dechlorination is occurring in the groundwater in the
vicinity of the Parella well.

Conclusions from Parella Well Pumping Test of June 2007

1.

Stabilized drawdown during the pumping test indicates that recharge into the well is
equal to the pumping rate. The maximum pumping rate was 3 gpm.

No free product was detected in the well. All chlorinated ethenes were dissolved in
the water.

After pumping for 40 minutes, the first water sample was collected from a sampling
port in the pump discharge line. No PCE was detected in the water; however, cis-
1,2,-DCE, was detected at 31,000 ug/L. The presence of cis-1,2,-DCE and the
absence of PCE indicates that natural dechlorination of PCE was occurring in the
well.

As pumping continued, the concentration of cis-1,2,-DCE diminished while PCE and
TCE increased.

In July 2007, approximately 15 ug/L of cis-1,2,-DCE, 200ug/L of PCE and 40 ug/L of
TCE were detected in two samples. These concentrations indicate that
chloroethenes are entering the well slowly.

. Annual sampling and analysis of the Parella Well will be necessary to assess the

movement of chlorinated ethenes into the well.

The isolated zone around monitoring wells MW-3, MW-16, and MW-203 shows some
response to pumping of the Parella well (June 2007) with a drawdown of a small
magnitude at 0.13, 0.15, and 0.15 feet, respectively. A general decline in the wells
was observed during the pumping tests for the new bedrock wells (April 2006), but
drawdown relative to a specific pumping well was not discernable. For unknown
reasons, the flow barrier appears to be located downgradient of the well triplet since
hydraulic connection is evident with the upgradient Parella well, but not with the
downgradient bedrock wells.
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5.0 Detailed Analysis of Remedial Alternatives

This section has its basis in the “Guidance for Conducting Remedial Investigations and
Feasibility Studies under CERCLA”, USEPA, October 1988. In this section a tiered
process is used to rank remedial alternatives for the Site. The following criteria have
been specified by the USEPA for use in the ranking process:

Overall protection of human health and the environment;

Compliance with applicable or relevant and appropriate requirement (ARARs);
Long-term effectiveness and permanence;

Reduction of toxicity, mobility, or volume;

Short-term effectiveness;

Implementability;

Cost;

State acceptance; and,

Community acceptance.

5.1 Remedial Alternatives
Alternative 1 — No Action

The no action alternative is evaluated as a procedural requirement and as a basis for
comparison. This alternative leaves the Site in its present condition and will not provide
additional protection to human health or the environment.

Criteria Assessment

Alternative 1 does not reduce the risk to human health or the environment and could
potentially allow continued migration of the contamination, although some natural
attenuation of the contamination would occur (see Alternative 2). This option does not
include controls or long-term management measures and does not meet ARARSs.
However, no additional risks are posed to this community, workers, or to the
environment during implementation of this alternative, and no additional costs would be
associated with this aiternative.

Alternative 2 — Natural Attenuation with Continued Monitoring

Alternative 2 is based on the assumption that natural attenuation is taking place under
the site and throughout the plume area in soil, overburden and bedrock. As discussed
earlier in the report, there is some evidence to support the occurrence of natural
degradation of contaminants at the Site. Annual monitoring would be continued to track
the natural reduction of contamination in the groundwater.

Criteria Assessment

Alternative 2 would be protective of human health by controlling exposure to the
contaminated groundwater (houses in the area are connected to the municipal water
system and do not rely on well water), however, it is likely that many years would be
needed to reduce the contaminant to the site-specific groundwater remediation ARAR
(or a concentration agreed to be protective of human health by the USEPA). In addition,
deed restrictions would likely be needed to ensure that human exposure is controlled.
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Alternative 2 would not provide for a reduction of toxicity, maobility, and volume of the
contaminated water through treatment. Groundwater monitoring wells are currently in
place, and would continue to be monitored at least annually for the life of the project.

Although groundwater monitoring wells are currently in place, it may be necessary in the
future to put in additional wells, or replace existing wells. The cost of monitoring would
be approximately $20,000 per year and will have to continue for the life of the project.
New wells, if necessary, would be an additional cost.

Alternative 3 — Ex-Situ Groundwater Treatment

Alternative 3, ex-situ groundwater treatment, is the process of pumping groundwater to
the surface for removal of contaminants. On this Site, groundwater would be pumped
from monitoring well MW-220, treated on-site utilizing an air stripper, and then released
to the City of Middietown Municipal Treatment System after remediation to the site-
specific groundwater remediation ARAR (or a concentration agreed to be protective of
human health by the USEPA). MW- 220 has been chosen because the recharge is
adequate to be able to continuously pump water to the surface and because it is
centrally located at the site, factors which make it a good candidate for an ex-situ
treatment operation. However, it is suspected that there may be an additional bedrock
contaminate source at the Site that has yet to been identified. Ex-situ treatment located
at MW-220 would be most effective if it is near this suspected source of additional
contamination.

Criteria Assessment

Alternative 3 would be protective of both human health and the environment; however,
some additional risk of contact with contaminated water could occur during installation
and maintenance of the system. This risk will be minimized by following manufacture’s
recommendations during installation and maintenance of the system. This alternative
would meet ARARs for the site and would be designed to meet State air pollution control
standards. This method would reduce the toxicity, mobility, and volume of the
contamination and could be implemented using existing technologies. However, the
fractured nature of the bedrock and location of the suspected bedrock source may
impact the effectiveness and the estimated time frame for this alternative. The
groundwater will need to be monitored at least annually for the life of the project.

The capital cost of the system is estimated to be $140,000, the annual operation and
maintenance (O&M) costs of the system are estimated to be $72,000 per year, and
annual monitoring of the wells is estimated at $20,000 per year.

Alternative 4 — In-Situ Bioremediation

In order to implement in-situ bioremediation, the existing natural population of
Dehalococcoides bacteria would be estimated by taking water samples from several
overburden and bedrock wells. Assuming additional microbes are needed,
bioaugumentation would be implemented with introduction of microbes into the wells.

A proprietary microbial Bioremediation treatment (Bio-Dichlor Inoculum) will be applied
to selected monitoring wells to accelerate existing bio remediation. Bio-Dichlor Inoculum
is an enriched microbial consortium containing species of Dehalococcoides produced by
Regenesis, Inc. The following monitoring wells would be treated: MW-3, MW-5, MW-6,
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MW-11, MW-16, MW-18, MW-203, MW-206, MW-211 and, MW-220. The application of
Bio-Dichlor Inoculum will be supplemented with HRC Advanced, a hydrogen release
compound, which feeds and accelerates the Bio-Dichlor Inoculum bio-remediation
process.

Materials published by the manufacturer indicate that HRC Advanced has been proven
to rapidly dechlorinate contaminants during in-situ bioremediation processes. This
material is viable for at least one year and, over time, is expected to bring
concentrations of PCE in groundwater down to below the site specific guidance level (or
a concentration agreed to be protective of human health by the USEPA).

HRC Advanced will be applied to the water column at each of the above monitoring
wells using socks or canisters (depending on the depth of the well and/or the depth of
zones of active recharge within the wells). The socks/canisters of HRC Advanced will
be left in place for a year and withdrawn for quarterly monitoring.

The cost of the bioremediation is estimated to be $140,000, with annual monitoring of
the wells estimated at $20,000 per year.

Criteria Assessment

Alternative 4 would be protective of both human and the environment, however, some
additional risk to workers of contact with contaminated water could occur during
installation of the bioremediatial treatment. This risk will be minimized by following
manufacture’s recommendations during installation. This alternative would meet ARARs
for the site. This method would reduce the toxicity, mobility, and volume of the
contamination and could be implemented using existing technologies. The groundwater
will need to be monitored a least annually for the life of the project.

Alternative 5 — Chemical Oxidation

A proprietary chemical oxidation compound (RegenOX) will be injected into bedrock
fractures in order to remediate PCE-impacted groundwater.

Criteria Assessment

Alternative 5 would be protective of both human health and the environment; however,
some additional risk to workers of contact with contaminated water could occur during
installation of the chemical treatment. This risk will be minimized by following
manufacture’s recommendations during installation. This alternative may not meet the
site-specific groundwater remediation ARARSs for the site. RegenOx rapidly breaks
down (over a period of weeks) and needs to be in direct contact with the source of
contamination during this time in order to be effective. Since the exact location of the
suspected source of on-site PCE contamination is unknown, the effectiveness of
RegenOX cannot be guaranteed. Furthermore, although RegenOX can be injected into
bedrock, a reduction in permeability may result if multiple injections of ORC are made.
The groundwater will need to be monitored at least annually for the life of the project.
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Assuming three applications of RegenOX to wells MW-3, MW-5, MW-6, MW-11, MW-16,
MW-18, MW-203, MW-206, MW-211 and, MW-220 the cost of the chemical oxidation is
estimated to be $160,000, with annual monitoring of the wells estimated at $20,000 per
year. This estimate includes second application of the RegenOX treatment for five
wells; if other wells need re-treatment this will be an additional cost per well treated.

5.2 Comparative Analysis

In the following sections the alternatives are evaluated in relation to one another for
each of the evaluation criteria (listed in Section 5.0). The alternatives are as follows:

No Action

Natural Attenuation with Continued Monitoring
Ex-Situ Groundwater Treatment

In-Situ Bioremediation

Chemical Oxidation

ORrLON -~

5.2.1 Overall Protection of Human Health and the Environment

Alternatives 3, 4, and 5 protect both human health and the environment by actively
treating the groundwater to reduce contamination to acceptable levels. However,
Alternatives 4 and 5 are better choices for the protection of human health because both
are in-situ treatments that do not require pumping contaminated groundwater to the
surface, as is required by Alternative 3. Alternative 2 adequately protects human health
through the use of deed restrictions and municipal water supplies but does not
adequately protect the environment, and only Alternative 1 does not provide protection
to either human health or to the environment.

5.2.2 Compliance with ARARs

Alternatives 3 and 4 meet Site specific ARARs. Alternatives 2 and 5 have the potential
to meet Site specific ARARs; however, this is dependent on conditions encountered
during the implementation of the Alternatives. Alternative 1 does not meet site specific
ARARs.

5.2.3 Long-term Effectiveness and Permanence

Alternatives 3, 4, and 5 provide the best choices for long-term effectiveness and
permanence because each method utilizes a treatment technology to reduce
contamination at the site. These alternatives also reduce the potential for continued
migration of the contaminant. However, the biological agent used for Alternative 4 will
be active and in the sub-surface at least one year and during that time has the potential
to treat areas of previously unknown contamination. Alternative 3 will be most effective if
the pumping is located near the area of highest contaminate concentrations. The
chemical used for Alternative 5 must come into contact with contaminated groundwater
quickly (within weeks) in order to be effective, which could potentially lower its long-term
effectiveness. As mentioned in Section 5.1.1, the long-term effectiveness of Alternative
4 and 5 may be increased by the addition of pumping groundwater.
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Alternatives 1 and 2 rely on natural biological activity to reduce contamination, which
depends greatly on unknown natural conditions (e.g. natural biological populations and
seasonal variation) that may affect the long-term effectiveness of these alternatives.

5.2.4 Reduction of Toxicity, Mobility, or Volume

All Alternatives reduce toxicity and volume of the contamination. Alternatives 3, 4, and 5
use available technologies that should, due to the reduced time scale needed for
treatment, also reduce the mobility of the contamination at the site. Pumping of
groundwater, which occurs during Alternative 3 and is also a possibility during
Alternatives 4 and 5, could diminish plume size by drawing water, contaminants, and
treatment media (Alternatives 4 and 5) back toward the center of the site.

Alternatives 1 and 2 do not adequately reduce mobility of the contaminant at the Site
due to projected length of treatment.

5.2.5 Short-term Effectiveness

Provided that the chemical oxidant would come into contact with the contamination,
Alternative 5 would have the greatest short-term effectiveness. However, the time
required for dispersal throughout the contaminant plume is more favorable for Alternative
4 than Alternative 5 because the biological agents persist for years and the chemical
reactants only for weeks. Alternative 3 could potentially have a short-term effectiveness
similar to Alternative 5; however, this would be contingent on distance from the area of
highest contamination and location of additional bedrock source areas as mentioned
above.

Alternatives 1 and 2, which rely on natural attenuation of the contamination, would have
the least short-term effectiveness of the five Alternatives.

5.2.6 Implementability

Alternative 1 would be the simplest to implement, and Alternative 2 would be the next
simplest with annual monitoring required. Alternatives 3, 4, and 5 are all more complex,
with the installation and maintenance of equipment required for Alternative 3, and the
injection of materials required for Alternatives 4 and 5. Alternative 5 will require
relatively extensive use of Geoprobe equipment to perform the required injections of
RegenOX.
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Assuming a project lifetime of 30 years, all the alternatives with the exception of
Alternative 1 (No Action) have a base cost of $300,000 for annual monitoring over 30
years. The costs for the implementation of each of the alternatives are as follows.

Initial Annual O & M Annual Total ($)
Application ($) | for 30 Years Groundwater
($) Monitoring for
30 Years
Alternative 1 | None None N/A 0
Alternative 2 | None None 600,000 600,000
Alternative 3 | 140,000 2,160,000 600,000 2,900,000
Alternative 4 | 120,000 None 600,000 720,000
Alternative 5 | 160,000 None 600,000 760,000

5.2.8 State Acceptance

To be addressed in the Record of Decision (ROD).

5.2.9 Community Acceptance

To be addressed in the (ROD).

5.3

Alternative Selection

The alternative that best fits the criteria found in the Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA is Alternative 4, in-situ

bioremediation (bioremediation). As discussed above, bioremediation is protective of
human health because the groundwater is left in place instead of being brought to the
surface for treatment, it will meet Site specific ARARS, the length of treatment (at least
one year per application) is effective long-term, it will reduce the toxicity, mobility, and
volume of the contaminate, is implementable with current technologies, and is the most
cost effective alternative. Because Alternative 4, bioremediation, best meets USEPA
criteria, ESI is recommending bioremediation for use at the Wallkill Wellfield Site.
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27. Well MW209 - 23.5 feet

28. Well MW209 - 40 and 45 feet
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29. Well MW209 - 75.5 and 76 feet
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32. Well MW209 - 117 feet
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45. Well MW220 - 174 feet

46. Well MW220 - 178 feet
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48. Well MW219 - 28 feet
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49. Well MW219 - 43 feet

50. Well MW219 - 44.5 feet
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Phone
{203) - 888-4531

Talefax
(203} - 888-6247

SOILTESTING, INC.

WHITE PLAINS, N.Y.
(914) - 946-4850

HORLTOR WELL LWSTALLATION DETAIL

140 OXFORD ROAD - OXFORD, CONN. 06478-1943

Observation Well # MW19

Top of Casing EL.2'G"

A T

GEOTECHNICAL / ENVIRONMENTAL SUBSURFACE INVESTIGATIONS - Test Boringe -

/ l \ Monitoring Wells -

Core Drilling
Recovery Wells - Direct Push/Probe Sampling

CLIENT: Ecosystems Strategies,
JOB# : £58.7139-04

Borehole Dia. 12",

@2

/ Stick-Up Vanted Locking Steet Cap X Yes _ No
Protective Stesl Casing X_ Yes ___MNo

/.

Mounded Backfill: X Yes __ No

Concrote Collar: X _Yes __ No

‘4"" Backfill Material:
Portland Bentonite

/‘~ Type of Casing Screen:

4* SCH A0 PVC
.. 4.0"5p, _4.5"

Joint Type: thad F |

impermeabie Backdill: ____
Bentonite Chips

| —Backfill Material:
#OOSUICASAND

\Well Point EL.

18 ‘\‘

creen Packing:
nie #00SILICASAND

L

Screen Slot Size: 010

—te Pt

\—r-- Sump Length:
"~

Bottam of Boring EI. 18'6".

u

P

~—  Backlill Material:

Materals Used:

5f"*°" 5 Bentonits Pellets Losking Exp. Plug 1
';;:’;’ 1 15 Bertonite Chips 2 Lack 1

Sl Ca Concrete Mix 2 bfo

Silisa Sand 450# Poriand 3 S

Powriered Bentonite

Retusal: X Yes Mo

Figure 1-5 - MW19 Well Construction Diagram

ESI File: LM97145 45

Wallkill Wellfield Site October 2007
City of Middletown
Orange County, New York Appendix A
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SOILTESTING, INC. CLIENT: Ecosystems Strategles, Inc. SHEET_1 OF_1
140 OXFORD RD. HOLE NO. MW
_ OXFORD, CT 06478 PROJECT NO. €58-7139-04
CT (203) 888-4531 PROJECT NAME  Genaral Switch Property BORING LOCATIONS
NY (914) 946-4850 20 Industrial Place per plan
FOREMAN - DRILLER LOCATION
POD/dj Middletown, NY
INSPECTOR CASNG SAMPLER CORE BAR OFFSET
TYPE HSA SS [DATE START 9/30104
GROUND WATER OBSERVATIONS SIZEI.D. 658" 138 DATE FINISH 9/30/04
AT 4 FT AFTER_{Q _HOURS HAMMER WT. 140# BIT SURFACE ELEV.
AT_FT AFTER__HOURS HAMMER FALL 30" GROUND WATER ELEY.
SAMPLE .
BLOWS PER 6 IN DENSITY] STRATA FIELD IDENTIFICATION OF SOIL REFARKS
x |casing ON SAMPLER OR | CHANGE [INCL. COLOR, LOSS OF WASH WATER SEAMS
& |BLOWS [NO |Type|PEN|REC (FORGE ON TUBE) [CORING | CONSIST | DEPTH IM ROCK, ETC
o |PER DEPTH| b "a's" 12 12. 18 [TIME PER .
FOOT @ BOoT =0 FT(MiN) | MOIST ELEV
1 |ss 24" 1" ] 20" 1 2 wet
3 4 v.loose Brn FM SAND & SILT it C gravel
7 | ss|24 16 [ 40" | 3 3 wet
3 4 sofl Gry SiLT.sm F sand
5 Flssioa|a o | 3 | 8 wel
. 8 19 compact Rd/Gry F SAND & SILT.lit F gravel
4 |ss|24"] 9" | 80" | 1 15 wel
i 20 | 16 compacl Tan F SAND & SILT,sm F gravet
5 | ss|24"[12° 100" 11 | 13 wet
10 1 . compact Tan VFF SAND It silt
B | ss |24 14 120" : wel
: B compacl SAME
7 |ss (24 110°] 140 5 4 wel
5 6 loose SAME
L15 8 I1s5124") 4" 116'0"] 2 2 wet
3 | 5 loose | 170" _1Brn/dk Brn-Gry FSAND, it sill
9 | s5124"]119"] 18'0"] 3 wel it Bro FMC SAND & SILT.sm FC gravel.rack frag.
10 1 20 compact! 18'6" |Decomposed Rock Fray AUGER REFUSAL
E.O.B. 18'6"
20
25
30
35
40 ]
GROUND SURFACE TO FT. USED__ CASING THEN _____ CASING TG FT [HAOLE NO. mwh
A = AUGER UP = UNDISTURBED PISTON T = THINWALL V = VANE TEST -
WOR = WEIGHT OF RODS WOH = WEIGHT OF HAMMER & RODS G = COARSE
55 = SPLIT TUBE SAMPLER H.S A = HOLLOW STEM AUGER {4 = IHEDIUKS
PROPORTIONS USED: TRACE =0-10% LITTLE = 10- 20% SOME = 20- 35% AND =35 - 50% £ = FINE
. ESI File: LM97145.45
Figure 1-6 - MW19 Well Log
. . tober 2007
walikill Wellfield Site October
City of Middletown
Orange County, New York Appendix A
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9 Center Drill Pipe 2" ID

Adapter 2" above to 1" [below

Nitrogen Supply Line tq Packers

Inflated Packer =

seated against
bedrock borehole

Upper Packer v

—

Fractures

Interval

Water-

v

Lower Packer

Minitroll & cable from{surface >-H

NI N N s T o, O Y = ES OSSN o
A e A S N N,

O

Grundfos|Redi-flo2 Pump

Levelogger to monitor

T U\ L

NS

above packer zone

Center Packer Pipe 1" ID
7

Holes in Central
Pipe Open to
Packer Zone

Filled

Levelogger to

monitor within
packer zone

Bedrock
horehole
surface

Levelogger to
{]"//T monitor below zone

Wallkill Wellfield Site
City of Middletown

Orange County, New York

Figure 3-2 - Diagram of Packer Assembly Unit in Well

ESI File: LM97145.45

October 2007
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Nitrogen line for inflating packers
at the top of packer assembly casing.

Figure 3-3 - Nitrogen Line

Wallkill Wellfield Site
City of Middletown
Orange County, New York
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Figure 3-7 - Well MW211, Packer Test 2, 54-64 Feet Legend: ESI File: LM97145.45
! ) —&— |evelogger below Packer Zone
Wa”klll We||f|eld Site = levelogger above Packer Zone October 2007
City of Middletown |
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14:48 Time (half minutes) 16:03
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65 t 3 -
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| |
|
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75
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90 i - \\ \
} ] | \\ | | pump off
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f \ Packer Zone for water water
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95 . —— — -

Figure 3-9 - Well MW211, Packer Test 4, 85-95 Feet

Wallkill Wellfield Site
City of Middletown
Orange County, New York

Legend:

—¥— |evelogger below Packer Zone

. levelogger above Packer Zone
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ESI File: LM97145.45
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Figure 3-13 - Well MW206, Packer Test 2,43-53 Feet Legend: —#— levelogger below Packer Zone ESI File: LM97145.45
Wallkill Wellfield Site W TR e Oetsber 2007
Clty Of Middletown —4— levelogger above Packer Zone
Orange County, New York ~%- minitroll in Packer Zone Appendix A
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Ecssystems Strategies, Inc.

Environmental Services and Solutions

Wallkill Wellfield Site
City of Middletown

Orange County, New York

—B- |evelogger in Packer Zone
—4— levelogger above Packer Zone

~%— minitroll in Packer Zone
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Figure 3-17 - Well MW209, Packer Test 1,28-38 Feet Legend: —# levelogger below Packer Zone ESI File: LM97145.45

October 2007

Appendix A
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Ecssystems Strategies, Inc. Environmental Services and Solutions
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Figure 3-18 - Well MW209, Packer Test 2,41-51 Feet Legend: —#— levelogger below Packer Zone ESI File: LM97145.45
Wallkill Wellfield Site —8— levelogger in Packer Zone A
Clty of Middletown —4— levelogger above Packer Zone

Orange County, New York ~%- minitrollin Packer Zone Appendix A
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Ecosystems Strategies, Inc.

Environmental Services and Solutions
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Figure 3-22 - Well MW209, Packer Test 6, 108-118 Feet Legend: —#— levelogger below Packer Zone ESI File: LMS7145.45
- . . —8- |evelogger in Packer Zo
Wallkill Wellfield Site T October 2007
Clty Of Mlddletown —4— levelogger above Packer Zone
Orange County, New York —%— minitroll in Packer Zone Appendix A
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Ecssystems Strategies, Inc.

Environmental Services and Solutions
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Figure 3-23 - Well MW209, Packer Test 7, 20-30 Feet

Wallkill Wellfield Site
City of Middletown
Orange County, New York

Legend:

—4— levelogger below Packer Zone
—B— |evelogger in Packer Zone
—4— levelogger above Packer Zone

~%— minitroll in Packer Zone

ESI File: LM97145.45

October 2007
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Ecesystems Strategies, Inc. Environmental Services and Solutions
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Figure 3-24 - Well MW219, Packer Test 1,21 - 31 Feet | Legend: —# leveloggerbelow Packer Zone ESI File: LM97145.45
: y - I in Packer Z
Wallkill Wellfield Site T October 2007
Clty Of Middletown —&— levelogger above Packer Zone
Orange Cou nty’ New York —5— minitroll in Packer Zone Appendix A
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Ecesystems Strategies, Inc.

Environmental Services and Solutions

17.43 Time (half minutes) 18:43
18:28.5

0 20 40 60 80 pumpoff 100 120

10 - Il

15

: i
i\

25 =z -]

w
o

]

Water Level (feet)
w
(6]

B

some recharge

from above

to Packer Zone —»%

, A 9P
k& | e f
50 4 X : 269?“’81
some recharge to Packer Zon
g - from below
60 - LN *_J_H pump on 18:00 B

Figure 3-26 - Well MW219, Packer Test 3,45 - 55 Feet | Legend: —+
Wallkill Wellfield Site ™

City of Middletown i

Orange County, New York .

levelogger below Packer Zone
levelogger in Packer Zone
levelogger above Packer Zone

minitroll in Packer Zone

ESI File: LM97145.45

October 2007
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Ecsesystems Strategies, Inc. Environmental Services and Solutions
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Figure 3-36 - Well MW220, Packer Test 6, 89-99 Feet Legend: —#— levelogger below Packer Zone ESI File: LM97145.45
- . 8- level in Packer Z
Clty Of Middletown —4— levelogger above Packer Zone
Orange County, New York %~ minitroll in Packer Zone Appendix A
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. . B level Packer Z
Wallkill Wellfield Site evelogger in Packer Zone P
Clty Of Middletown —4— levelogger above Packer Zone
Orange County, New York % minitroll in Packer Zone Appendix A




v Xipuaddy 8UOZ JaYOEY Ul [OJUIL  —¥— Y10\ MaN SHCDOU abu eiQ
e _— Uo7 Jaxoed aaoge sabbojsns —¥— C\SOHG_UU:\/_ .._.O >u_U
T . 9IS PI=UIISM [111]1BM
SY'SYLLEINT ‘elld 1S3 au0Z Jeyord Mojeq JaBBojans| —4— PUSBET 3994 €61-€8L ‘L1 1531 43)>ed ‘OZZTMW IIPM - Lt-€ 94nbig
ﬁ T T ﬁ T 09¢
“
“ _ ove
_
10§ 00T 1o 12d33p yonL BUIpIEI! |
[ [ 0ce
_ |
¢ | |
Wd rO'E u 4 MR
uo dwn ,
m \ w 2
. d_ og
p 5
<
| 3
X y , - 091 =
1 oo/oo jl abieydal W
3 N _ =
* o _, _ Vv
| 1 i ¥t OVl
o | | N
S ‘
) | _
053 XA | 1 | 0zl
|
T P e L e e ; - 001
183} 00 L MOJ2q p10331 03 3[qe 10u 1a660[aA3|
Wd S'8L:€
yo dwnd
-t - T T T 08
00l 06 08 0L 09 0S (04 o€ 0c oL 0
Wd Ot€ (seynujwi jjey) swny Wd 0S:Z
SUONINJOS pUD SADINASS [DIUDUUOLIAUT] Uy .momweawhaw mEOumhweum—




v xipuaddy 3404 MaN ‘Ayuno) abueiQ
UMOIB|PPIW Jo A1)
RN SUS PISY|[SM [I11[1BM
SY'SYLLEINT ‘olld IST 900Z “‘ZZ 03 L1 [14dy - 3w} SA [9AR7 433eM - L LZMW - Zb-€ 24nbi4
(seynuiw) awi |
00:0 9002/2Z/¥ 00:0 9002/L2/¥ 00:0 9002/0Z/¥ 00:0 9002/6L/% 00:0 900Z/8L/¥ 00:0 9002/LLIY

- 0Ll

bLL

ZLl

ELL
AT -
g
-
T Gl 2
£
. El
gLl £

= L)L

8LL

|
# 611
— — 0zl
90/22/v 01 90/LLIY LLZMIN

SUONN]OS PUD S2IIALBS [DJUIUUOLAUT Uy amo_wsabm mE&um%waoH



v xipuaddy Y104 M3N ‘Aluno) abueiQ
umoila|ppIW jo A1)
40DZ 59RO S PIAYIIIM [I]1eM
SY'SYLLEWT :elid 1S3 9002 ‘TZ 03 L1 |1dy - dwii] SA |[9A37 193\ - 90ZMW - £-€ 24nbi4
(seynujw) awi |
00:0 900¢/ec/y 00:0 900¢/Le/y 00:0 900¢/0¢c/y 00:0 9002/6L/v 00:0 900¢/8L/v 00:0 900¢/LL1y

i SLi

q ‘m - LLL

. 6L1

| m
:

iZL
| g
5
<
g€cl o
7
S

H Gzl

_ LTl

62l

90/Z2/¥ 03 90/LL/Y 90ZMIN

SUON]OS PUD SIDNINLBS [DIUIUUOLIAUT Uy nmo_uoﬁn.:m mEQum%maom—

aBE - TE N T - .S S T D TE BN Sl B B T BE = .



v xipuaddy 3404 MaN ‘Alunod) abueiQ
umola|ppIW Jo A1)
e SUS PISYIISM [I11BM
SY'SPLLEWT ‘alld 1S3 9007 ‘ZZ 03 LL |14dy - 3w} SA |9A7 191\ - 60ZMW - bi-€ 24nbi4
(seynuiw) aw )
00:0 900z/2e/y 00:0 900Z/L2/v 00:0 900Z/02/¥ 00:0 9002/6L/¥ 00:0 9002/8}/¥ 00:0 900Z/L\ 1y
0ol
I
[l
Gol
X
X K
X ] oLl
X “ |
X w
X , ]
X | g
gl 2
2
Ej
=
ocl
o1A
ol
90/22/¥ ©1 90/LL/Y 60CMIN
SUONN]OS pUD Sa21442S \Szwsnﬁﬂtm Uy .mo_wvaﬂ.—uw mEOumhmaoW



G B B BN A I AN BN BN BN D B B B O B B BE e

Ecssystems Strategies, Inc. Environmental Services and Solutions
185 r e
MW219
- MW206 MW211 MW209
183 i
T 1 T
182 4 g
% 181 i
$ 7
©
a 180 s
e %
a
X
2 179 XT %=
v
X2 x £
o& s
178 X 23
X =
X 3
X g8
177
» X
X
176 ~
X
175 =
4/17/2006 0:00 4/18/20086 0:00 4/19/2006 0:00 4/20/2006 0:00 4/21/20086 0:00 4/22/2006 0:00
Time (minutes)
Figure 3-45 - MW220 - Water Level vs Time - April 17 to 22,2006 ESI File: LM97145.45
Wallkill Wellfield Site October 2007

City of Middletown
Orange County, New York Appendix A
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Figure 3-49 - MW207 - Water Level vs Time - April 17 to 22,2006 ESI File: LM97145.45
Wallkill Wellfield Site October 2007
City of Middletown
Orange County, New York Appendix A
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Figure 3-50 - MW3 - Water Level vs Time - April 17 to 22,2006 ESI File: LM97145.45
Wallkill Wellfield Site October 2007
City of Middletown
Orange County, New York Appendix A
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Figure 3-51 - MW4 - Water Level vs Time - April 17 to 22,2006 ESI File: LM97145.45
Wallkill Wellfield Site Oclober 2007
City of Middletown
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Figure 3-52 - MWS5 - Water Level vs Time - April 17 to 22,2006 ESI File: LM97145.45
Wallkill Wellfield Site October 2007
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Figure 3-53 - MW6 - Water Level vs Time - April 17 to 22,2006 ESI File: LM97145.45
Wallkill Wellfield Site October 2007
City of Middletown
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Figure 4.7 The effects of various aquifer characteristics on drawdown.

Figure 3-59 Graphic Aquifer Model Verification Methods

ESI File: LM97145.45
from Dawson & Istok (1991, page 64) e

Wallkill Wellfield Site October 2007
City of Middletown
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plot of drawdown vs. time at the pumping well.
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Figure 4.11 Effects of various aquifer characteristics on the logarithmic plot of

Figure 3-60 Graphic Aquifer Model Verification Methods
from Dawson & Istok (1991, page 70)
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Figure 4.12 Effects of various aquifer characteristics on the semilogarithmic plot
of drawdown vs. time at an observation well 250 feet from the
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fractured aquifers:

Parts B and B’: A single plane vertical fracture

A B
s log s log
T
2 ¢ 2 N
— t log — tlog — tlog
A’ c’
s lin s lin
—» tlog — tlog
confined fractured aquifer pumped well in single plane, pumped well in fractured dike
(double porosity type) vertical fracture

Figure 2.13 Log-log and semi-log plots of the theoretical time-drawdown relationships of consolidated,
Parts A and A”: Confined fractured aquifer, double porosity type

Parts C and C’": A permeable dike in an otherwise poorly permeable aquifer

Figure 3-63 - Graphic Aquifer Model Verification Methods from
Kruseman & deRidder (1990, page 50)
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Figure 3-81 - MW220 Pumping and Observation Wells ESI File: LM97145.45
Wallkill Wellfield Site October 2007
City of Middletown
Orange County, New York Appendix A
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Figure 3-82 - MW219 - Pumping Well Aquifer Model Verification ESI File: LM97145.45
Wallkill Wellfield Site October 2007
City of Middletown
Orange County, New York Appendix A
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Figure 3-87 - Areal Variations in Storativity

Wallkill Wellfield Site
City of Middletown
Orange County, New York

ESI File: LM97145.45

October 2007
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Remedial Action Objectives

* Remedial Objeclives (Section 3 1)
» Conceptual Site Model {Section 3 2)
(Assumes some characterization data)

iminary
Screening (Section 3)

+ Red Flags?
« Develop a list of alternatives
with preliminary cost estimate
+ Does this approach appear

competitive with alternatives?

Consider Alternative Technologies

Pre-Design
Considerations
(Section 4)

= Is data from site
avalable and useful?

- |e data adequate to develop

final design and comparisons?

Final Comparison
Alternatives and

Cost/Risk Analysis

+ |s this the mosi
reasonable choice?

v |

« Collect Additional Site Data?
* Microcosms?
* In Situ Test?

Identify Data Needs (Section 4)

l Design {Section 5)

implement and Evaluate (Section 6)

Figure 1.1 Enhanced Anaerobic Bioremediation Road Map

Figure 4-1 - Enhanced Anaerobic Bioremediation Road Map ESI File: LM97145.45

Wallkill Wellfield Site
City of Middletown

Orange County, New York

October 2007
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SCALE IN FEET

All feature locations are approximate. This map is intended as a schematic to be used in conjunction with
the associated report, and it should not be relied upon as a survey for planning or other activities.

Figure 4-4 - Total VOCs in Shallow
Overburden Monitoring Wells
May 2005
Wallkill Wellfield Site
City of Middletown
Orange County, New York

Legend: mmmmmmmm subject property border ESI File: LM97145.45

monitor well location @ private well
October 2007

monitor well ID

Total VOCs detected Scale as shown

ND = Not detected above specified detection limit ;
All concentrations expressed in «#g/L. Appendix A
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Figure 1.4  Sequential Reduction of PCE to Ethene by Anaerobic Reductive
Dechlorination

From Department of Defense Strategic Environmental Research and
Development Program (SERDP) (2004) “Principles and Practices of
Enhanced Bioremediation of Chlorinated Solvents,” online PDF,
Figure 1.4, page 1-11.

Figure 4-5 - Sequential Reduction of PCE to Ethene by Anaerobic Reductive Dechlorination | EsiFie: LM97145.45

Wallkill Wellfield Site October 2007
City of Middletown
Orange County, New York Appendix A
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Modified from: Bouwer and McCarty, 1984
Figure 3.3 Geochemical Characteristics of Three Types of Chlorinated Solvent Plumes

Type 1 Groundwater systems that are Highly Anaerobic due to High Levels of Organic Carbon
Type 2 Systems that are mildly Anaerobic due to Moderate Levels of Organic Carbon
Type 3 Aerobic Systems with Low Levels of Organic Carbon

From Department of Defense Strategic Environmental Research and Development Program
(SERDP) (2004) “Principles and Practices of Enhanced Bioremediation of Chlorinated Solvents,”
online PDF, Figure 3.3, page 3-7.

Figure 4-7 - Geochemical Characteristics of ESI File: LM97145.45
Three Types of Chlorinated Solvent Plumes 4 :
Wallkill Wellfield Site October 2007
City of Middletown
Orange County, New York Appendix A




¥ =
WATKINS AVENUE
77
an 213 nz 219 23 28 w YT \IJI FIt} w
MOROOY/DOTY Bucx (=% sy TN HBSCH 4110 ronor | carent HHOWH'S =ivo
/
.'If-‘l
W PaLY
U Nago| et
! ij e
Eu i
"0

13

enLe

[=- 2

v

-y

ORANGE & ROCKLAND
SU8~-STATION

Figure 4-8

Scan of Shakil Consullanis Map “4A”
Groundwaler Elevation Contour Map
Deep Bedrock Wells

Static Conditions October 14, 1892

INDUSTRIAL PLACE




ARy 19T AN N
b A e A AR AR SN A AR SRy s m m RS SRS RESS Ta ;

e R R SRS e e e

W S
b mavaeban [ 9
t * =
o . ~
e el Lo .
¢ n
;. m W 3 m
." 2 E82 W..
{ =
; i g asyg
i " 3 5 Pdm
3 2 208
RO "\ x's = mm
A AN Bpa
g4 o /! 3 (=)
el ™ ‘ EGE
saas it ! 50O =
ERTIT Id - -
-ur..u 3 -4oo m .m
“ TR % & ©
] i~ ,
| . g
r'
3 g8 \
b ty % :
i .- v m
R Y w'y
" T 1
|
! ,.- ;
i i

......J.....--...........-..'-w........./ / \

Xy

i _ .u nm _m —.- & il : ....._N.
\ i .
w afvi | fE
R Pabei, | 1B m
i | | o i /
L )

N

seonas

e
——
——arns -~
et

~ .
!

* La—iEL
—

-
———
I

N

-

escosvaa




i
e T

n_ﬂ i H i ﬂ iﬁ \W

I i | L ¥ 2

T T S N S R R e 5
' ~ 33Vid TVMLSNaNY
..................... m" / e 2% : w Sm
.............. " P F
Bt T @ 2 §5S 2
LR I O ; il
............................ TN M £ mmmn
N T e T O “mmm.m___.u. : : mmwm
w_ M) N J 4 i 3
4 C % 3 B S ; :
| M w0 | TR &
. S ﬂ {
R e
e SR TS ,
A 5 L |
. " i -
i g B o=, 8 : : 2
g | _H_g ..... .. nm m ;, P
s - g
b ] .
i “_-L__ R &
g BR[| R \
¥ ey F
i 2 ._L..J M.__u b | S 3
2 g
e B0 mEoe] || s 3
~ B nl ] o S
1 _.m : Jl L ....................... | T,
e |



(. [ i . HE - . B . L B B [ - B i

Ecasystems Strategies, Inc. Environmental Services and Solutions
Date & Time
_10 e — e T e e . A S e i B—
& o o a® & a® o o o
(196\ \qpo’\ \-'LQQ'\ \-'196\ \196\ 06\ 06\ \rLQQ’\ | \106\
i 0° 1 S . L o>
0

|

5 i
e

.§ 10 ,

€ ‘

:

£ |

£ 20 1
g
(1]
s

° 30

£
Q.

@ |

; |

|

40 E

|

J

|

p

G S—— X —= - o R !
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Figure 4-13 - Recovery of Parella Well (W30) after Pumping e s Lo i
Wallkill Wellfield Site October 2007
City of Middletown
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Figure 4-17 - Contour Map of Water Elevations in Bedrock Wells
at start of 24-hour Pumping Test of Parella Well (W30), Tuesday June 26,2007, 11:20 AM

Wallkill Wellfield Site October 2007
City of Middletown )
Orange County, New York Appendix A

ESI File: LM97145.45
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Figure 4-19 - Contour Map of Maximum Drawdown in Overburden Wells
at End of 24 Hours Pumping Test on Parella Well (W30), Wednesday June 27,2007, 1:36 PM
Wallkill Wellfield Site
City of Middletown
Orange County, New York

ESI File: LM97145.45

October 2007
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Figure 4-20 - Contour Map of Water Elevations in Bedrock Wells after Recovery | e rie: Lmo7145.45
from Pumping Test on Parella Well (W30), Friday June 29,2007,8 AM
Wallkill Wellfield Site October 2007
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Table 2-1: Monitoring Well Measurements

2 18.6 652.08 645,97 638.15 6.11 13.93
2 384 639.07 629.39 622.06 9.68 17.01
2 13.17 626.22 623.22 614.18 3 12.04
2 10.92 619.35 615.9 Dry Dry Dry
2 13.17 627.87 624.02 Dry Dry Dry
2 6.84 612.30 1A 604.57 1A 7.73
2 19.92 628.68 626.41 618.47 2.27 10.21
2 14.15 655.12 647.72 Dry Dry Dry
4 14.56 612.83 608.21 603.66 4.62 9.17
4 31.71 626.98 624.34 615.53 2.64 11.45
4 11.08 624.73 619.93 Dry Dry Dry
6 65.3 646.62 628.82 621.97 17.8 24 .65
6 88.9 638.12 623.47 616.03 14.65 22.09
4 80.17 635.81 615.31 611.33 20.5 24.48
4 10.92 625.7 623.1 614.37 2.6 11.33
4 18.5 608.24 603.79 600.39 4.45 7.85
6 129 644.34 1A 1A 1A IA
6 143 640.11 628.44 621.41 11.67 18.7
6 100+ 624.96 622.97 613.85 1.99 11.11
6 117.25 619.08 615.55 609.28 3.563 9.8
4 142.4 617.51 614.66 608.6 2.85 8.91
6 131 629.18 626.8 620.83 2.38 8.35
4 140.2 611.85 611.85 607.52 0 4.33
4 138.4 624.76 615.42 609.11 9.34 15.65
4 138.52 608.30 607.42 603.25 0.88 5.06
4 197.6 621.89 616.17 609.31 5.72 12.58

Notes: "ft from TOC" = feet from Top of Surface Casing,

"ft RE: msl" = feet relative to mean sea level

IA = inaccessible, Dry = water table dropped below total depth of well




M et

N e e e N R e
Isolated

13.55 63.00 55.00 8.00 5002 | 5284 | 6.18 0.12 53.64 52.37 1.27 | 14.50 6.00 | 8.50 0.15 Little No
11.70 31.50 7.50 24.00 58.68 41.53 17.15 0.41 43.18 42.26 092 | 37.00 | 33.50 ] 3.50 0.26 Isolated Little Na
11.30 71.50 45.50 26.00 80.75 27.98 52,77 1.89 30.13 29.39 0.74 | 27.00 | 22.00 | 5.00 0.15 Isolated Little No
15.27 51.50 6.50 45.00 88.73 86.28 2.45 0.03 87.69 87.18 0.51 53.00 | 52.50 | 0.50 1.02 HcAB* | Best *

18.97 74.50 45.50 29.00 103.56 75.76 27.80 0.37 92.80 79.70 | 1310 | 2450 | 17.00 | 7.50 1.75 HcBelow { Good Ne
15.27 46.50 12.00 34.50 116.54 | 107.53 9.01 0.08 11597 | 107.53 | 844 | 5250 | 46.50 | 6.00 1.41 HcBelow |  Good Nc

lo. 3, slight discharge from below to Packer Zone and slight recharge from Packer Zone to above during pumping

3): July 22, 2005

1 | Gutation| Loveiz | Lgvel1 | Drawdown.| Drate | Recovz | Recovt [ R2.R1| Times | Times~

11 25.66 13.55 12.11 1.10 0 Isolated | No No

25 4184 | 3482 7.02 0.28 40.96 | 3482 | 614 | 435 | 345 9 0.68 HcBelow | Good No

25 50.5 47.7 2.8 0.11 49.2 47.7 15 | 435 | 345 9 0.17

37 9477 | 31.16 63.61 172 4187 | 3596 | 591 | 335 | 205 | 13 0.45 jsolated | Good No

31 11973 | 475 72.23 2.33 4739 | 4424 | 3.15 45 39 6 0.53 lsolated | Good No
415 133.1 18.83 114.27 2.75 3275 | 1958 | 1317 | 685 | 515 | 17 0.77 Isolated | Best No

o1 | Duration | .Leveiz | ‘Levelt | Drawdown | Didrate | Regov2 | Recovt | R2:R1| Timeda™ *‘.Tlme:ss-.

1.46 475 25 22.5 38.98 18.95 20.03 0.89 23.98 20.61 3.37 60 48.5 . HcAbove
0.6 55 29.5 25.5 52.7 14.3 384 1.51 17.52 16.56 0.96 61.5 56.5 6 0.16 HcAbove
14 50.05 15 35.05 70.82 19.98 50.84 1.45 22.51 21.36 1.15 57 51 6 0.19 Isolated
0.5 60.5 38.5 22 84.85 22.87 61.98 2.82 27.16 23.96 3.2 14 2 12 0.27 Isolated
1.7 775 43.5 34 112.36 27.34 85.02 2.50 66.42 313 3512 | 285 18.5 10 3.51 HcBelow
14 84 52 32 127.65 23.86 103.79 3.24 31.16 26.86 4.29 42.5 24.5 18 0.24 HcBelow
3 50 38.5 11.5 35.7 19.48 16.22 1.41 23.47 22.08 1.39 67.5 51 16.5 0.08 HcAbove

3): July 26-27, 2005

one | RecoviRe

terDepth | Time2 |  Time1 |Duration | ‘Levei2 | Level | Drawdown | Ddrate | Recov2 | Recovt [ R2-R1 | Timea | Times

T4:1 v “Abo

1.05 62.5 52 10.5 30.1 13.13 16.97 1.62 14.97 13.74 1.23 16 3 5 12.5 0.10 Isolated No No
1.4 76.5 54.5 22 43.24 13.5 29.74 1.35 21.14 14.39 6.75 26.5 17.5 9 0.75 HcAbove Some to P

42 28.5 0 . 28.5 50.46 16.37 34.09 1.20 43.57 17.63 25.94 35.5 29 6.5 3.99 HcA+B Best toP

0.6 42.5 22.5 20 73.56 14.81 58.75 2.94 21.36 16.58 4.78 54.5 435 11 0.43 HcAbove Little toP

2.7 50 27.5 22.5 100.38 13.46 86.92 3.86 56.3 16.12 40.18 71.5 50.5 21 1.91 HcBelow Good No

1.65 69.5 455 24 123.47 14.16 109.31 4.55 22.81 16.12 6.69 14.5 9.5 5 1.34 Isolated Some No
6.15 845 51 33.5 127.7 11.9 115.8 3.46 30.9 18.42 12.48 48.5 25.5 23 0.54 Isolated Little No

;): Jul_y 28, 2(_)05

33| T4-13| RecovRate -

torDopth | Time2 | Time1 | Duration| Level2 | Levelt | Drawdown| Ddrate | Recovz |

89 57.5 50.5 7 21.92 14.35 7.57 1.08 15.22 15.18 | 0.04 62.5 58.5 4 0.01 Isolated- No No
8.756 34 20 14 32.12 15.34 16.78 1.20 16.5 15.49 0.01 40.5 375 3 0.00. Isolated No No
10.5 25.5 1 245 42.25 16.23 26.02 1.06 22.23 16.23 6 33 25.5 7.5 0.80 isolated Some No
945 86 58 28 58.69 13.4 45.29 1.62 27.72 134 14.32 94 86 8 1.79 Isolated Good No

8.3 68 515 16.5 74.77 15.91 58.86 3.57 0 0 #DIv/0! Isolated No No
13.35 54 34 20 86.61 17.29 69.32 3.47 20.14 17.19 2.95 59.5 54.5 5 0.59 Isolated Some No
12.95 40.5 17.5 23 98.4 21.02 77.38 3.36 36.32 21.02 16.3 45.5 40.5 5 3.06 Isolated Best No
18.2 72 0.5 71.5 113.1 423 70.8 0.99 44.18 39.1 5.08 18 13 5 1.02 Isolated Some No
12.9 58.5. 38.5 20 139.7 30.2 109.5 5.48 38.76 30.18 8.58 63 58.5 4.5 1.91 Isolated Good No

25 275 16.5 12 150 84.3 65.7 5.48 97.22 80.57 16.65 44 27.5 16.5 1.01 Isolated Some to P.
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50
ND ND ND ND ND ND ND
ND ND ND ND ND ND ND
380 290 280 240 340 380 270
39 63 5 23 20 16 85
45 140 140 110 75 51 43
550 435 473 508 475 436
Upper Aquifer Lower Aquifer
. MW-200'(E- 21! MW2Rb(FY) [ MWERTA(F)
47 40 ND 19
ND 'ND ND ND
9(trip blank also) 9(trip blank also) 2 (trip blank also) 2 (trip blank also)
370 280 4 34
ND ND ND ND
35 29 3 24

ivision of Water Technical and Operational Guidance Series (TOGS) 1.1.1,

i Guidance Values And Groundwater Effluent Limitations (June 1988 edition)
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Table 3-3 - Fracture Descriptions Assoclated with Core Photographs and Packer Test Zone Recovery Rate

oo o -Description.
weathered open fracture, elliptical surface
2-2 39.5 1 Isolated 0.15 little vertical fracture
2-3 43-44 1 calcite-coated fracture surfaces
2-4 46.5-47 1 irregutar high angle fracture
2-5 56.5-57 2 Isolated 0.26 little irregular vertical fracture
2-6 60.5-61.5 2 irregular fracture surface
2-7 61.5-62.5 2 high angle fracture in silty fine sand
2-8 73.5-74.5 3 Isolated 0.15 little fractured thin shale beds above 74 ft
2-9 75.5-76.5 3 hairline fractures with and without calcite filling
2-10 78 3 weathered surface of bedding plane parting
2-11 88-88.5 4 HcAB* 1.02 _good multiple fractures in fine-bedded shale
2-12 89-89.5 4 weathered open bedding plane parting in fined-bedded shale
2-13 90 4 45 degree open fracture with calcite linings on surfaces
2-14 91 4 near horizontal fractures above and below white irreg calcite beds
2-15 |114-1155 6 HcBelow 1.41 ~ good highly fractured zone bottom core _
MW206 2-16 18 NA open fracture cutting various-width closed calcite-filled fractures
2-17 19 NA low angle fractures
2-18 26 1 Isolated none ~dry weathered vertical fracture above bedding plane parting
2-19 30 1 weathered high angle fracture
2-20 3N 1 near horizontal fractures and bedding plane partings
2-21 315 1 irregular fracture cutting across coarse sandstone bed
2-22 47-47.5 2 HeBelow | 0.68 good _|thin low-angle fracture zone
2-23 [93.5-945 3 Isolated 0.45 __good near vertical fractures, some with calcite lining surfaces
2-24 94.5-95.5 3 downward continuation of near vertical fractures
2-25 112.5 4 Isolated 0.53 good dying water pattern showing differential permeability
MW209 2-26 22 7 HcAbove 0.08 dry both sides of short vertical fracture, upper piece has a calcite-
filled fracture offset by a microfauit
2-27 23.5 7 vertical fracture terminates at bedding plane
2-28 45 2 HcAbove 0.16 _dry iregular high angle fracture at 45 feet
2-29 75.5-76. 4 isolated 0.27 little high angle fracture at base of fracture zone
2-30 100 5 HcBelow 3.51 best open high-angle calcite-filled fracture broken by bedding planes
2-31 109-110. 6 HcBelow 0.24 littte sides of open high-angle fracture lined with light gray calcite |
2-32 117 6 both surfaces of high-angle fracture cutting shale and siit beds |
Mw220 2-33 42 3 Isolated 0.8 some __ |bedding plane fractures, one with calcite lining on lower surface \
2-34 60 4 Isolated 1.79 __good high angle fracture in silty fine sand
2-35 62.5 4 elliptical surface of high angle fracture
2-36 63.5 4 calcite beds with fracture and slickensides on carbonaceous surface
2-37 65 4 fracture associated with sedy flame structure with pyrite crystals
2-38 66-67 4 high angle and vertical fractrures
2-39 102 7 Isolated 3.06 best slliptical high-angle fracture surface
2-40 103 7 bedding plane parting
2-41 116 8 Isolated 1.02 some fresh surfaces on high-angle fracture
2-42 120 8 fresh surfaces on high-angle fracture
2-43 143 9 Isolated 1.91 good high-angle fracture terminates at bedding plane
2-44 149 9 irregular fracrtures, calcite filled fracture end in caicite beds
2-45 174 10 Isolated 1.01 some elliptical fracture face outtined by white calcite
2-46 178 10 bedding parting at base of thin calcite bed with slickensides
MwW219 2-47 225 1 Isolated 0.1 dry high-angle fracture surface
2-48 28 1 high-angle irregular fractures
2-49 43 2 HcAbove 0.75 some both sides of irreqular near vertical fracture
2-50 44.5 2 high-angle fracture
2-51 49 3 HcA+B 3.99 best pieces of rock from fracture zone
2-52 70 4 HcAbove 0.43 little surfaces of low-angle fracture
2-53 70 4 same low-angle fracture
2-54 118.5 6 Isolated 1.34 some elliptical high-angle fracture surface in fine-bedded shale
2-55 134-135 7 Isolated 0.54 little high-angle fracrue zone
2-56 135-136 7 downward continuation of high-angle fractures
2-57 136-137 7 downward continuation of high-angle fractures
2-58 137-138 7 downward continuation of high-angle fractures

Notes: Figure numbers refer to figures of core photos in this report.

Zone Type, Recovery Rate, and Qualifiers are from Table 3-1 summarizing packer test results.
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Table 3-4: Summary of Timing for Pumping Tests, April 2006
Times are in 24 hour clock time.

April 17.2006 | T — | Aprii 18, 05:42

é April18,2006 April 19, 06:11
MWwW209 3 April 19,2006 09:14 18:02 April 20, 06:08 529 730
MWwW220 2.5 April 20,2006 10:52 17:00 April 21, 07:34 369 875

I! MW219 0.8 April 21,2006 07:46 15:46 April 21, 23:59 481 496
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Table 3-6: Summary of Timing of Pumping Response in Observation Wells

MW204 337 MW209 300 MW206 295 MW211 205 MW209 215
MW220 207 MW219 480 MW219 215 MW204 127 MW206 480
MW206 278 MW211 278 MW204 165 MW206 270 MW204 162
MW209 480 MW204 222 MW211 480 MW209 275 MwW211 705
MW219 705 MW220 270 MW220 275 MW219 457 MW220 457
MW207 250
Notes:

Each pumping test is represented in two columns.

For each pumping test in the first column, the observation wells are listed in order from greatest to least drawdown response.
For each pumping test in the second column, the distance from the pumping well to the observation well is recorded.

In section 3.3 of the report, this information is used to describe anisotrophy of the bedrock aquifer.

"PW" is pumping well.
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Table 3-7: Hydraulic Conductivity Estimates from Packer & Pumping Test Data

MW209 129 75 1.7 0.8 30 4.3 2.0
MW220 287 120 24 11 70 41 19
MW219 314 90 35 16 37 — 85 4.0
MW211 40 MW206 293 65 4.5 2.1 38 38 7.7 3.6
MW209 258 50 52 24 30 8.6 4.1
MW220 278 85 33 15 70 4.0 1.9
MW219 704 65 10.8 5.1 38 18.5 8.7
MW209 60 "MW206 511 75 6.8 32 23 30 17.0 8.0
MW211 566 50 11.3 53 30 18.9 8.9
MW220 660 105 6.3 30 64 10.3 49
MW219 360 75 48 23 30 12.0 57
MW220 150 MW206 516 85 6.1 2.9 104 70 7.4 35
MW211 500 85 5.9 28 70 74 34
MW209 458 105 44 21 64 72 34
MW219 1404 122 115 54 70 20.1 95
MW219 30 MW206 325 30 36 1.7 37 37 8.8 4.1
MW211 503 65 77 37 38 13.2 6.2
MW209 154 75 2.1 1.0 30 5.1 24
MW?220 491 122 4.0 1.9 70 7.0 33

Notes:

For each of the pumping tests, transmissivity was calculated in Table 3-5.
Aquifer thickness was estimated from the top of the first productive packer zone to the base of the deepest productive packer zone.
Estimated aquifer thickness is shown in the second column for each pumping well.

he average aquifer thickness for each transmissivity is the average of the aquifer thickness at the pumping well and the observation well.
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Table 4-1: Calculation of Average Linear Velocity and Travel Time From Bedrock Wells to Pumping Well MW220
Conservative estimates using full vertical aquifer thickness.
Hydraulic Conductivities are from Table 3-7.

m. & hE Sty oL, ] Cinall v > L SR S et 3 - st A Y~ \ E
MW-202 640.11 622.97 616.17 6.8 270 0.025 6.1 0.82 0.21 1312 Natural flow, high potentiometric surface
613.85 609.31 4.54 270 0.017 6.1 0.82 0.14 1964 Natural flow, low potentiometric surface
622.97 575 47.97 270 0.178 6.1 0.82 1.45 186 pumping mw220 down to 575 Elevation ‘
613.85 550 63.85 270 0.236 6.1 0.82 1.93 140 pumping mw220 down to 5§75 Elevation
MW-207 629.18 626.8 616.17 10.63 250 0.043 10.35 1.39 0.59 424 Natural flow, high potentiometric surface
620.83 609.31 11.52 250 0.046 10.35 1.39 0.64 391 Natural flow, low potentiometric surface
626.8 575 51.8 250 0.207 10.35 1.39 2.87 87 pumping mw220 down to 575 Elevation
620.83 550 70.83 250 0.283 10.35 1.39 3.3 64 pumping mw220 down to 550 Elevation
MW-204 619.08 615.55 575 40.55 127 0.319 3.2 0.43 1.37 93 pumping mw220 down to 575 Elevation
609.28 550 59.28 127 0.467 3.2 0.43 2.00 63 pumping mw220 down to 550 Elevation
MW-206 617.51 614.66 575 39.66 170 0.233 6.1 0.82 1.91 89 umping mw220 down to 575 Elevation
608.6 550 58.6 170 0.345 6.1 0.82 2.82 60 pumping mw220 down to 550 Elevation
MW-209 611.85 611.85 575 36.85 275 0.134 5.9 0.79 1.06 260 pumping mw220 down to 575 Elevation
607.52 530 57.52 275 0.209 5.9 0.79 1.65 166 pumping mw220 down to 550 Elevation
MW-211 624.76 615.42 575 40.42 205 0.197 4.4 0.59 1.16 176 pumping mw220 down to 575 Elevation
609.11 550 59.11 205 0.288 4.4 0.59 1.70 121 pumping mw220 down to 550 Elevation
MW-219 608.30 607.42 575 32.42 457 0.071 11.5 1.54 1.09 418 pumping mw220 down to 575 Elevation
603.25 550 53.25 457 0.117 115 1.54 1.80 255 pumping mw220 down to 550 Elevation ‘
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Table 4-2 Variation of VOCs in Four Successive Sampling Events

e MonitoringWell

Yoar | MW-3 | MW4 | MW-S | MW-16 | MW-203 | MW-204
2000 8,700 20,00 41,000 400 13,000 1,300
01 7,300 15,000 13,000 7,000 6,000 2,400

002 4,300 1,600 9,800 2,300 2,100 610
2005 2,700 7,300 26,000 2,100 4,200 900

45,000 ! —_—MW-3

40,000 — MW-4
c 35000 {I s
2 30,000 | )
g 25.000 ﬁ MW-16
$ 20.000 1 ——— MW-203
g 15,000 —— MW-204
8 10,000

2000 2001 2002 2005
Year




Water 'a%d StatE: GrouEdwater‘ElévatF&né - V’éllkill \ﬁellfieltr Site R

10.95 11.1 11.01 11 15.45 17.01 9.68 14.07 NF 629.07 | 628.12 | 627.97 | 628.06 | 628.07 | 623.62 | 622.06| 629.39 62!
4,27 5.05 4.95 4.9 11.14 12.04 3 9.20 6.71 162231 | 621.95 | 621.17 | 621.27 | 621.32 | 615.08 | 614.18| 623.22 61
4.16 4.01 4 4 8.74 dry 3.45 6.11 3.65 61546 | 615.19 | 615.34 | 615.35 | 615.35 | 610.61 Dry 616.9 61
591 55 5.35 5.36 11.99 dry | 3.85 10.15 4.42 NR' 621.96 | 622.37 | 622.52 | 622.51 { 615.88 D 624.02 61
0.9 1.1 1.05 1.09 2.89 7.73 1A 1.90 1A 611.12 { 611.4 611.2 611.25 | 611.21 | 609.41 | 604.57 AA 61(
3.26 3.41 3.35 3.33 8.18 10.21 2.27 6.24 NF 626.1 | 62543 | 62527 | 625.33 | 625.35 | 620.5 | 618.47] 626.41 62
7.79 7.45 7.4 7.42 11.35 dry 7.4 10.25 7.42 ) 647.56 | 647.33 | 647.67 | 647.72 647.7 | 643.77 D 647.72 64«
5.36 5.25 5.2 5.23 8.22 9.17 462 6.60 485 | 60865 607.48 | 607.58 | 607.63 607.6 | 604.61 | 603.66] 608.21 60¢
3.44 3 3 3.02 7.51 11.45 2.64 4.36 3.21 62392 | 623.54 | 623.98 | 623.98 | 623.96 | 619.47 | 615.53| 624.34 62:
6.35 6.45 6.5 6.52 Dry dry 4.8 9.67 5.19 | 620.56 | 618.38 | 618.28 | 618.23 | 618.21 Dry Dry 619.93 61!
18.78 | 20.05 | 20.02 20 22.35 24.65 17.8 20.95 18.11 ] 628.08 | 627.84 | 626.57 626.6 626.62 | 624.27 | 621.97| 628.82 62¢
15.72 | 16.01- 16 16.01 19.82 22.09 14.65 17.94 15.25 § 623.03 | 622.4 622.11 622.12 | 622.11 618.3 | 616.03| 623.47 62(
20.52 | 20.75 21 21.95 22.77 24.48 20.5 20.52 21.19 § 614.08 | 615.29 | 615.06 | 614.81 | 613.86 | 613.04 | 611.33| 615.31 61}
4.62 4,75 4.6 4.5 10.59 11.33 2.6 8.74 4.00 § 62153 | 621.08 | 620.95 621.1 621.2 61511 | 614.37| 6231 61¢
NC NC NC NC 6.5 7.85 4.45 5.70 4.41 NC NC NC NC NC 601.74 { 600.39| 603.79 60:
12.75 11.9 12 12.01 16.69 18.7 11.67 15.12 NF 627.8 | 627.36 | 628.21 628.11 628.1 623.42 | 621.41| 628.44 62«
3.5 3.21 3.25 3.25 10.03 11.11 1.99 8.01 362 162219 | 62146 | 621.75 | 621.71 | 621.71 | 614.93 | 613.85| 622.97 61¢
3.82 3.75 3.7 3.58 8.94 9.8 3.53 5.81 3.81 J 61545 | 615.26 | 615.33 | 615.38 615.5 | 610.14 | 609.28] 615.55 61:
NC NC NC NC 7.03 8.91 2.85 4.91 2.97 NC NC NC NC NC 61048 | 608.6 | 614.66 61:
3 3 2.9 2.92 6.59 8.35 2.38 5.21 NF 626.45 | 626.18 | 626.18 | 626.28 | 626.26 | 622.59 | 620.83 | 626.8 62!
NC NC NC NC 2.47 4.33 0 0.24 0.00 NC NC NC NC NC 609.38 | 607.52] 611.85 611
NC NC NC NC 13.82 15.65 9.34 11.64 9.62 NC NC NC NC NC 610.94 | 609.11] 615.42 61:
NC NC NC NC 2.85 5.05 0.88 2.33 0.98 NC NC NC NC NC 605.45 | 603.25| 607.42 60¢
NC NC NC NC 10.63 12.58 5.72 8.29 6.27 NC NC NC NC NC 611.26 | 609.31| 616.17 61:

tructed until 2005

IA-inaccessible

NF-Not Found
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Table 4-3

Table 1.1 Potential Degradation Processes for CAHs
Compound ¥
Chloroethenes Chloroethanes Chloromethanes

Degradation PCE TCE DCE VC |PCA TCA DCA CA | CT CF MC CM
Process
Aerobic N N P Y N N Y Y N N Y P
Oxidation
Aerobic N Y Y Y p Y Y Y [N Y Y Y
Cometabolism
Anaerobic N N P Y N N Y P N N Y P
Oxidation
Direct Anaerobic Y Y Y Y Y Y Y Y Y Y Y Y
Reductive
Dechlorination
Cometabolic Y Y Y Y P Y Y P Y Y Y P
Anaerobic
Reduction
Abtotic Y Y Y Y Y Y Y Y Y Y Y Y
Transformation

Modified from ITRC (1998) using references listed in Table 2.1 in Section 2 of this document.

a/  PCE = tetrachloroethene. TCE = trichloroethene, DCE = dichlorcethene, VC = vinyl chloride, PCA = tetrachloroethane,
TCA = trichloroethane, DCA = dicliloroethane, CA = chloroethane, CT = carbon tetrachloride, CF = chloroform, MC =
methylene chloride, CM = chloromethane.
= Not documented in the literature.
= Documented in the literatuse.

= Potential for reaction to occur but not well documented in the literature.

U< Z

From Department of Defense Strategic Environmental Research and Development
Program (SERDP) (2004) “Principles and Practices of Enhanced Bioremediation of
Chlorinated Solvents,” online PDF, Tablel.1, page 1-9.



Ecesystems Strategies, Inc.

Environmental Services and Solutions

Table 4-4
Table 3.1 Suitability of Site Characteristics for Enhanced Anaerobic Bioremediation
Site Characteristic Suitable for Suitability Suitability Unclear -
Enhanced Uncertain Passible Red Flag -
Bioremediation Requires Further
Evaluation
DNAPL Presence Residual DNAPL Pootly defined sources May not be appropriate for
or sorbed sources. may require additional aggressive treatment of pools
charactenization. of DNAPL.
Plume Size Small. a few acres Medium to large. a few Large plumes of many acres.
or less. acres plus. May require May require concurrent
concurrent technology. ___technology.
On or Near Site The risk of vapor Target treatment zone in Target treatment zone 1n an
Infrastructure ntruston from close proximity to sensitive area where known vapor
contammnants of infrastructure. intrusion or high methane
biogenic gases 1s problems exust.
deemed acceptable.
Evidence of Anaerobic Slow or stalled Limuted evidence of No evidence of any
Dechlorinaton dechlonnation (see | anaerobic dechlormation. degradation.
Table 3.2)
Depth 50 feet 1o water 100 feet to groundwater Deep groundwater and deep
contanunation.
Hyvdraulic "1 frday 001101 ft day =0.01 fr'day
Conductvity ( 3x10%cmsec) | (3x10%103x 107 emysec) (3 x 10”° cmysec)
Groundwater Velocity | 30 ft-vr to 5 ft'day 10 ft vr to 30 ftvr. = 10 fivr.
5 fr'dav to 10 fr day = 10 ft'day
pH 60-80 501060 5.0, +90
8.0109.0
Sulfate Concentraton 500 ppm 500 to 5.000 ppm (with +5,000 ppm or presence of
caution) muneral gypsum may not be
suitable

ft dav = feet per day: ft vr = feet per vear: cm sec = centimeters per secend: mg L = mulligrams per liter

From Department of Defense Strategic Environmental Research and Development Program
(SERDP) (2004) “*Principles and Practices of Enhanced Bioremediation of Chlorinated
Solvents,” online PDF, Table 3.1, page 3-10.
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TABLE 4-5
Table 3.2 Considerations and Red Flags for Preliminary Screening of Sites with
PCE and TCE
Site Classification
Conditions Type 1 Type 2 Type3
o Red Flag. Lack of any  Possible Red Flag. Lackof Red Flag. Potential for
Nocis-DCEor g0 hlonmation products  any dechlonination products  complete anaerobic
other ‘ suggests the aquifer1is  mayv be due to substrate dechlonmanon cannot be
dechlorinaion  sterile. Enhanced limitations. Additional site  determined. Additional site
products bioremediation not evaluartion (e.g.. pilot test evaluation (e.g.. pilor testor
recommended. Of NMUCTOCOSM test) microcosm test) recommended
recommended (Section 4). (Section 4).

o Marginally suitable for  Sustable for enhanced Presence of cis-DCE under Type
cis-DCE enhanced bioremediation. Evaluate 3 conditions may be a result of
present. butnot  yoremediation. Lack  potential for conplete linuted dechlorination at the
VC or ethene of VC or ethene under  anaerobic dechlonnation source or 1 more anaerobic

Type 1 conditions (Section 4) and proceed microenvironments. Requires
requires further with caution. further evaluation (Section 4).
evaluation (Section 4).
V'C and ethene Suitable f_or enhanced Suatable for enhanced‘ VC and ethene should not bc
‘ bioremediation. bioremediation. Consider present under Tvpe 3 conditions.
present Consider MNA MNA altemative and although this mav sometimes
alternative first whether system may occur as the result of locally
become carbon limited reducing conditions created bv
the absence of substrate the NAPL nux For example. 1f
addition the matenal released contamed
biodegradable oils. 11 15 possible
that some anaerobic
dechlonnation will take place.
even wm an aerobic aquifer.

From Department of Defense Strategic Environmental Research and Development Program
(SERDP) (2004) “*Principles and Practices of Enhanced Bioremediation of Chlorinated
Solvents,” online PDF, Table 3.2. page 3-12.
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Ecesystems Strategies, Inc, Environmental Services and Solutions

Table 4-7: Overburden Monitoring Well Scoring providing Evidence of Anaerobic Biodegradation
(Reductive Dechlorination) of Chlorinated Solvents (PCE Release)
December 16, 2002 to January 7, 2003 Sampling Event

2 17.6 2 23.2 2 19.6 2 2 10.9 2
0 ND 0 ND 0 ND 0 ND 0 ND 0
0 ND 0 ND 0 ND 0 ND 0 ND 0
0 ND 0 ND 0 ND 0 ND 0 ND 0
140 0 180 1 n/a n/a n/a
0 2.5 0 1.8 0 1.2 0 25 2 3 0
0 2300 0 4300 0 740 0 1800 0 770 0
2 160 2 160 2 56 2 ND 2 73 2
2 210 2 310 2 40 2 140 2 85 2
0 ND 0 ND 0 ND 0 ND 0 ND 0
2 ND 0 ND 0 ND 0 ND 0 ND 0
Total Points = 13 4 8 4 6 ]

Notes: Each well is represented by two columns, one with field and lab measurements and the other with points based on the first column.|
"Mmt" is the heading for the well measurement columns.
"Points” is the column heading for the awarded points for the evidentiary score assessing likelihood of anaerobic biodegradation..
MW-202 and MW-202F represent two samples from the same well; the first sample was taken at the fracture depth,

for the second sample the well cover was already off and the well was "open" and therefore no PID reading was recorded.
MW-203 and MW203F also represent two samples from the same well; the first sample was taken from near the bottom of the well,

for the second sample from the fractured well, the weil was "open" and therefore no PID reading was taken.

n/a = not analyzed, ND = not detected.
B = indicates a background leve! of analyte detected in blank
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Table 4-8: Bedrock Monitoring Well Scoring providing Evidence of Anaerobic Blodegradation
(Reductive Dechlorination) of Chlorinated Soivents (PCE Release)
December 16, 2002 to January 7, 2003 Sampling Event

2 23.5 2 OR>20 2 OR>20 2 OR>20 2 OR>20 2
0 ND 0 ND 0 ND 0 ND 0 ND 0
0 ND 0 ND 0 ND 0 ND 0 ND 0
0 ND 0 70.6 3 59.3 3 ND 0 ND 0
nia n/a n/a nfa nia
0 2.1 0 n/a ND 0 n/a 1.5 0
0 5700 0 720 0 450 0 87 0 610 0
2 300 2 1800 2 1000 2 190 2 64 2
2 590 2 440 2 230 2 780 2 98 2
0 ND 0 ND 0 ND 0 ND 0 ND 0
2 670B 2 ND 0 56B 2 ND 0 1208 2
Total Points = 9 9 14 16 8 15

Notes: Each well is represented by two columns, one with field and 1ab measurements and the other with points based on the first column.|
"Mmt" is the heading for the well measurement columns.
"Points" is the column heading for the awarded points for the evidentiary score assesging likelihood of anaerobic biodegradation .
MW-202 and MW-202F represent two samples from the same well; the first sample was taken at the fracture depth,

for the second sample the well cover was already off and the well was “open" and therefore no PID reading was recorded.
MW-203 and MW203F also represent two samples from the same well; the first sample was taken from near the bottom of the well,

for the second sample from the fractured well, the well was "open" and therefore no PID reading was taken.

n/a = not analyzed, ND = not detected.
B = indicates a background level of anatyte detected in blank
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Table 4-9: pH Measurements

Sampling Events in Monitioring Wells using Horiba Low Flow Cylinder

02
3.9 8.92 7.47
5.28 6.08
6.13 4.9 5.9
6.56 5.19 6.19
414 6.85 8.53
7.37 6.93
6.53
4.66 4.63 5.36
5.17 6.52
4,45 5.34
8.66 7.27
4.8 9.7 7.24
7.14 8.1 7.45
6.14 5.22 6.03
5.92
7.62
9.42 7.5
9.65
3.79 5.45 6.31
5.92
3.62 8.72 7.33
7.06
8.66 7.11
7.2
7.03
7.21
7.39
* indicates readings for January 2001 appear to be too high compared to other readings.
"F" indicates sample was table at fracture leve! in well
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Table 4-10: Oxidation Reduction Potential Measurements
Sampling Events in Monitioring Wells using Horiba Low Flow Cylinder

"F" indicates sample was table at fracture level in well
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Table 4-11: Dissolved Oxygen Measurements
Sampling Events in Monitioring Wells using Horiba Low Flow Cylinder

1.74 11.97 * 1.58 1.28
1.66 11.36 * 3.68 0
3.99 6.34 5.57 1.64
5.66 10.3 * 4.99 3.13
12.79 * 2.01 2.87
2.48 2.69 0
1.79 2.88 0.89
7.71 13.24 12.2 4.7
5.49 8.3 8.95
9.29 2.61
1.98 2.99 0.18
2.88 12.83 * 1.21 0.52
2.44 9.56 * 5.06 0.84
2.06 0.91 6.31 1.75
' 0.08
0
0.65 12.49 * 3.49 0
3.48
3.84 11.39 * 4.12 0
3.1
1.7 11.76 * 3.59 0
0
6.4 5.53 0
0
: 0
218 0.52
* indicates readings for January 2001 appear to be too high compared to other readings.
"F" indicates sample was table at fracture level in well
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Table 4-12

Table 3.3 Water Quality Parameters Subject to Regulatory Compliance at
Enhanced Anaerobic Bioremediation Sites

Compound or Element Molecular USEPA MCL USEPA Secondary
Formula (mg/L)" Standard™
(mg/L)
Chloroethenes
Tetrachloroethene (PCE) CxCly 0.005 -
Trichloroethene (TCE) C, HCl; 0.005 -~
cis-1,2-dichloroethene (cis-DCE) C, HCl, 0.070 -
trans-1,2-dichloroethene (frans-DCE) C, HyCly 0.100 -
1,1-dichloroethene (1,1-DCE) C, HCl, 0.007 -
Vinyl chloride (VC) C,H;Cl 0.002 --
Chioroethanes
1.1,1-trichloroethane (1,1,1-TCA) C,;H;CL; 0.200 -
1,1,2-tachloroethane (1,1,2-TCA) C-H;CL3 0.005 -
1,2-dichloroethane (1,2-DCA) C,H,Cl, 0.005 --
Chioromethanes
Carbon tetrachlonde (CT) CCl, 0.005 -
Chloroform (CF) CHCl, 0.1°% -
Dichloromethane (DCM) (or methylene CH,CL, 0.005 --
chloride [MC])
Total tnihalomethanes (includes CF) - 0.080 -
General Water Qualily Parameters
Nitrate (as nitrogen) NO;y 10 -
Nitrite (as nitrogen) NO, 1.0 -
pH - -- <6.5, 8.5
Chloride ¥ Cr - 250
Total dissolved solids (TDS) ¢ - - 500
Metals
Arsenic ¢ As 0.01 -
Selenium Se 0.05 -
Iron ¥ Fe - 03
Manganese © Mn - 0.05

“"A USEPA MCL = USEPA Maximum Contaminant Level; mg/L = milligrams per liter.
¥ National secondary drinking water regulations are non-enforceable guidelines. However, states may choose to adopt them

as enforceable standards.
 Tentative MCL (pending).

¥ These are compounds or elements that in some cases may increase in concentrations as the result of anaerobic

bioremediation

From Department of Defense Strategic Environmental Research and Development
Program (SERDP) (2004) “Principles and Practices of Enhanced Bioremediation of

Chlorinated Solvents,” online PDF, Table 3.3, page 3-17.
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Table 4-13 Hydraulic Pressure, Barometric Pressure, Depth to Water and Water Elevations in Pumping & Observation Wells
At Critical Times during the Pumping Test Conducted with Pumping the Parella Well (PW30)

Installing Transducer

Start of Test 6/26/07 11:20AM

Depth to
TOC Date & Depth to | Transducer | Barometric | Ft Water Pressure | Barometric | Ft Water Water
Well Elev Time Water Pressure Pressure |Above Tdsr| Elevation | Transducer | Pressure | Above Tdsr| calculated | Elevation
PW-30 644.34  [6/25/07 13:07 19.83 61.9069 14.5303 109.33 624.51 61.7105 14.5387 108.85 20.30 624.04
MW2 639.07 |6/18/07 13:14 15.30 20.0651 14.4327 13.00 623.77 20.2837 14,5387 13.26 15.04 624.03
MW3 626.22 |6/18/07 14:44 10.53 156.3259 14.4447 2.03 615.69 15.8915 14.5387 3.12 9.44 616.78
MWS 627.87 |6/18/07 15:54 11.21 15.0033 14.4152 1.36 616.66 15.2767 14,5387 1.70 10.86 617.01
MW7 628.68  |6/18/07 14:14 7.46 18.7747 14.4445 9.99 621.22 19.0004 14.5387 10.30 7.16 621.52
MW10 626.98  |6/26/07 10:54 7.85 241174 14.5500 22.08 619.13 24.1243 14.5387 22.12 7.81 619.17
MW12 646.62 |6/18/07 12:54 22.42 32.0935 14.4329 40.75 624.20 32.4983 14.5387 41.44 21.73 624.89
MW13 638.12  |6/26/07 10:14 19.76 25.2173 14.5515 24.61 618.36 25.2173 14.5387 24.64 19.73 618.39
| MW16 625.70  [6/18/07 14.44 10.57 15.1322 14.4447 1.59 615.13 15.4748 14.5387 2.16 10.00 615.70
‘MW202 640.11 6/18/07 14:14 16.57 20.146 14.4445 13.16 623.54 20.4919 14.5387 13.74 15.99 624.12
MW203 624.96 |6/18/07 15:04 9.20 22.2182 14.4257 17.98 615.76 22.5779 14.5387 18.55 8.63 616.33
MW207 629.18  [6/18/07 14:04 6.34 22.9757 14.4257 19.73 622.84 23.2078 14.5387 20.00 6.07 623.11
MW220 621.89  [6/25/07 13:04 9.52 25.2721 14.5213 24.81 612.37 25.2915 14.5387 24.81 9.52 612.37
End of Pumping 6/27/07 1:26PM Romoval of Transducer 6/29/07 7-10AM
Depth to Depth to
Transducer | Barometric | Ft Water Water Maximum Transducer | Barometric | Ft Water Water Recovery*
Well. Pressure Pressure | Above Tdsr| Calculated Elevation | Drawdown Time Pressure Pressure | Above Tdsr| Measured | RE: Static | Elovation
PW-30 42.1748 14.4366 64.01 65.15 579.19 44.84 8:33 62.7005 14.4179 111.42 16.96 -3.34 627.38
MW2. 18.8046 14.4366 10.08 18.22 620.85 3.18 8:04 20.427 14.4337 13.83 14.78 -0.26 624.29
MW3 15.7328 14.4366 2.99 9.57 616.65 0.13 7:24 15.9006 14.4436 3.36 9.68 0.24 616.54
MWS 15.155 14.4366 1.66 10.91 616.96 0.05 7:34 15.1955 14.4433 1.74 10.86 0.00 617.01
MW7 18.8027 14.4366 10.08 7.38 621.30 0.22 9:14 19.0659 14.4228 10.71 7.05 -0.11 621.63
| MW10 23.9248 14.4366 21.89 8.03 618.95 0.22 9:34 24.1246 14.4417 22.34 7.75 -0.06 619.23
MW12 23.9839 14.4366 22.03 41.14 605.48 19.41 8:14 33.7899 14.4339 44.67 19.12 -2.61 627.50
MW13 24.1122 14.4366 2233 22.04 616.08 2.31 9:24 25.7278 14.4420 26.04 19.16 -0.57 618.96
MW16 15.3095 14.4366 2.01 10.14 615.56 0.15 7:14 15.4747 14.4340 2.40 9.93 -0.07 615.77
MW202 | 144233 14.4366 -0.03 29.76 610.35 13.77 8:04 21.168 14.4337 15.54 14.95 -1.04 625.16
MW203 | 224124 14.4366 18.40 8.78 616.18 0.156 7:24 22.5876 14.4436 18.79 8.54 -0.09 616.42
- MW207 22.0012 14.4366 17.46 8.61 620.57 2.55 9:14 23.3841 14.4228 20.68 5.55 -0.52 623.63
MW220 25.1361 14.4366 24.69 9.64 612.25 0.12 7:44 25.3304 14.4442 25.12 9.38 -0.14 612.51

* Negative recovery values indicate final water level is higher in elevation than pre-test static elevation.
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Table 4-14: Parella Well Pumping Test, Groundwater Sampling June and July 2007

M

:30PM

31,000(cis-)

~490(cis-)

29(cis) || 14(cis)

55(cis-) | 36(cis-) | 19(cis) | 75(cis’) 14(cis-)
ND 240 270 400 380 140 340 || 1% || 200
ND 72 52 120 110 47 99 || 4 ] 33

ND = Not Detected

Guidance levels based on NYSDEC Division of Water TOGS 1.1.1 (June 1998) and subsequent NYSDEC Memoranda
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APPENDIX C

Bedrock Core Descriptions/Lithologic Logs — Field Notebooks
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Ecnsystems Strategles’ Inc. Environmental Services and Solutions

APPENDIX D

Media ~ Borehole Videos on DVD for Bedrock Wells



