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1.  Introduction

1.1.  General Background

A Record of Decision (ROD) for the Richardson Hill Road Landfill (RHRL) (Figure 1) site was
executed in September 1997. The remedial action objectives established for the site by the ROD are
as follows:

• reduce/eliminate contaminant leaching to ground water
• control surface water runoff and erosion
• mitigate the off-site migration of contaminated ground water
• restore ground water quality to levels which meet state and federal drinking water

standards
• prevent human contact with contaminated soils, sediments and ground water
• minimize exposure of fish and wildlife to contaminants in surface water settlements and

soils

Remedial actions have been completed at the site that include closure of the landfill (Remedial
Element I) and the construction two separate ground water collection systems and a centralized
ground water treatment plant (Remedial Element II). The landfill closure activities were completed in
October 2006. The ground water collection trench was completed in December 2004 and began
operating in October 2004. Remedial action reports have been submitted for both of these remedial
elements together with an operations, maintenance and monitoring plan for the site (Parsons, August
2007). These documents were approved by USEPA in September 2007.

In April 2006 USEPA requested that Amphenol and Honeywell (the Respondents) evaluate the fate
and transport of concentrations of chlorinated volatile organic compounds observed in monitoring
well MW-12D. MW-12D is located on the far eastern edge of the site, east of the South Pond (Figure
2). In response to the agency's request, the Respondents submitted a work plan in May 2006 to
address this issue. USEPA provided comments on the work plan in May 2007. Following several
discussions, it was agreed between USEPA and the Respondents that additional ground water
monitoring wells would be installed at mutually agreed upon locations downgradient of the site.
Installation of the additional ground water monitoring wells began in August 2007. In addition to the
monitoring wells installed to assess contaminants observed at MW-12 D, several monitoring wells
were also installed in the vicinity of the ground water recovery trench to replace previously existing
wells that were destroyed or decommissioned as part of the remedial construction activities.

All newly installed monitoring wells and existing monitoring wells associated with the ground water
collection trench were sampled and analyzed in September 2007. In November 2007, based on the
ground water chemistry data provided by the September 2007 sampling event, USEPA directed the
Respondents to develop a work plan to complete an evaluation of the extent of ground water
contamination at the site and to evaluate the hydraulic performance of the ground water collection
trench. Following several discussions, it was agreed between the agency and the respondents that
USEPA would prepare the work plan to be implemented by the respondents. USEPA provided a work
plan entitled Hydrogeologic Investigation, Richardson Hill Road Landfill, Sidney, New York in early
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January 2008 (Work Plan). A copy of this Work Plan is provided as Appendix A. This document
presents the results of the implementation of the agency’s work plan.

1.2.  Purpose and Scope

The Work Plan prepared by USEPA defined several specific objectives which can be summarized as
follows:

• characterized the distribution of VOCs and PCBs in shallow bedrock east of RHRL and South
Pond and south of South Pond

• define the extent of the hydraulic influence of the ground water collection trench in both the
overburden and shallow bedrock at the site

• identify appropriate trench monitoring and operational modifications

To meet the objectives of the Work Plan, several work tasks were defined.  These include:

• review of existing data

• borehole geophysical logging of existing and newly installed monitoring wells and residential
wells

• installation of new ground water monitoring wells

• ground water sampling and analysis

• ground water collection trench performance testing

The sections below describe details of data collection and interpretation for the implementation of the
work plan.
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2.  Supplemental Hydrogeologic Investigation

2.1.  Data Collection

2.1.1.  Borehole Geophysical Logging
The purpose of the geophysical logging investigation was to potentially identify unique
characteristics of bedrock units that could be used to correlate the units between boreholes and
evaluate the presence of transmissive bedding plane and/or angled fractures. The geophysical logging
was completed by Mid-Atlantic Geosciences (MAG) of Lancaster, Pennsylvania. Two separate
geophysical logging events occurred at the Site.  The first event occurred from January 20 through
January 28, 2008 and included selected existing wells. The second event occurred between March 4
and March 7, 2008 to include new wells RH-08S, 08D, 09D, 10D, 11D, and the Dimatos and Ross
Patton residential wells.

Multiple tools were used at each location. For PVC-cased wells a combination fluid temperature/
natural gamma/conductivity tool and a heat pulse flow measurement tool were used.  In addition to
the tools used in the cased wells, caliper, acoustic televiewer, and optical televiewer tools were used
in the open-bedrock wells. Since the Dimatos and Ross Patton residential wells are potable, the
geophysical tools were sterilized using bleach and distilled water solution prior to use within these
wells.  Table 1 provides a summary of the wells that were logged and the geophysical tools used at
each location. A copy of the geophysical Logging Report developed by MAG is provided at
Appendix B.

2.1.2.  Additional Ground Water Monitoring Well Installations
Monitoring wells were installed on two occasions in 2007 and 2008.  These events occurred in
August and September 2007 and in January and February 2008.

Between August 6 and September 7, 2008 shallow bedrock monitoring wells RH-01, RH-02, and RH-
03 were installed across the valley to assess ground water quality within the shallow bedrock
downgradient of the South Pond.  In addition, wells RH-04S, RH-05S, RH-05D, RH-06S, RH-06D,
RH-07S, RH-07D were installed immediately downgradient of the collection trench as shown on
Figure 2. The purpose of these well installations was to characterize the distribution of site-related
volatile organic compounds (VOCs) and polychlorinated biphenyls (PCBs) constituents of concern
(COCs) in the overburden and shallow bedrock east of the collection trench.  The S and D wells were
installed as overburden/bedrock pairs. At the RH-4S location, well MW-7D, installed within the
shallow bedrock during the original RHRL Site Remedial Investigation (RI), was used as the deep
well. For consistency, this well was renamed RH-4D at that time.

Based on the analytical results of ground water samples collected from RH-01 through RH-07D,
additional monitoring wells were installed as identified by the Work Plan. During January/February
2008, one overburden/shallow bedrock monitoring well nest (RH-08S/RH-08D) and three shallow
bedrock monitoring wells (RH-09D, RH-10D, and RH-11D) were installed at locations shown on
Figure 2. The RH-8S/RH-8D well nest was installed to evaluate concentrations of COCs
downgradient of the southeastern portion of the ground water collection trench. Shallow bedrock
monitoring wells RH-09D, RH-10D, and RH-11D were installed to evaluate concentrations of COCs
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in the shallow bedrock along an east-west transect downgradient of the RH-1, RH-2, and RH-3
transect. The following discusses the general drilling and well construction methods used for the
wells.  More specific information can be found in the drilling logs contained in Appendix C. A
summary of the well construction information is provided on Table 2.

Borings for overburden wells, RH-04S, RH-05S, RH-06S, and RH-07S, were advanced through the
overburden to refusal using hollow stem augers. The wells were constructed of 2-inch diameter
schedule 40 PVC consisting of a 10-ft to 20-ft length of 0.010-inch slot screen flush-threaded to an
appropriate length of riser casing. A sandpack suitable for use with a 0.010-inch slot screen was
installed within the annular space between the borehole and the well. The sandpack extended from the
bottom of the well to 1 ft to 2 ft above the top of the well screen. A 3-ft thick bentonite seal was
installed in the annular space above the sandpack. The remaining annular space was filled with a
Portland cement/bentonite grout to grade.  Wellhead completion included the installation of a 4-inch
protective casing or a flush mounted curb box depending on location.

Boreholes for bedrock wells RH-01, RH-02, RH-03, RH-05D, RH-06D and RH-07D were advanced
through the overburden using a combination of hollow-stem augers and mud-rotary methods.
Specifically, hollow-stem augers were used to advance the boring through the overburden to refusal,
which was generally within the top of the glacial till unit. A temporary 8-inch steel casing was then
set and sealed with bentonite chips. Mud-rotary was then used to advance the boring through the
remaining dense overburden and approximately 2 to 3 ft into the bedrock. In a 6-inch diameter steel
casing was lowered through the 8-inch casing. and set into bedrock and the remaining bedrock was
drilled to depth using fluid-rotary methods. The base of the borings was selected to be between 15
and 20 ft below the top of rock.  For those wells installed near the collection trench the depth was
selected to be consistent with the SSC wells installed as part of the collection trench. At locations for
RH-01, RH-02, and RH-03, the top of rock was deeper than that near the trench resulting in deeper
borings and wells. The borings were completed as 2-inch PVC wells consisting of 10-ft of 0.010-inch
slot screen flush-threaded to solid riser casing.  The wells were installed in a manner similar to that
used for the overburden monitoring wells.

Boreholes for wells RH-08D, RH-09D, RH-10D and RH-11D were advanced through the overburden
in the same manner as that used for RH-01, RH-02, and RH-03 with the exception that a 4-inch
diameter steel casing was lowered through the 8-inch casing. and set into bedrock. The bedrock was
then drilled using coring methods rather than fluid rotary to allow for the collection of bedrock cores.
Bedrock core samples were described by the field geologist with respect to the rock type, color, grain
size, texture, bedding, fractures and minerals, recovery, and rock quality determination (RQD). This
information was recorded on the boring log. The borings were left as open-hole wells with the 4-inch
casing extending to approximately 2 ft above grade as a locking stick up cover.

Drilling for shallow monitoring well, RH-8S was completed using the same combination of hollow-
stem auger and fluid rotary methods as the bedrock wells. The borehole was extended to a depth of 28
ft, where spoon refusal was met. The well was constructed as 2-inch diameter schedule 40 PVC
consisting of a 20-ft length of 0.010-inch slot screen flush-threaded to riser casing. The PVC well was
lowered through the 8-inch casing to the target depth. The riser casing was installed within the
annular space between the borehole and the well. A sandpack suitable for use with a 0.010-inch slot
screen was installed within the annular space between the borehole and the well.  The sandpack
extended from the bottom of the well to 1 ft to 2 ft above the top of the well screen. A 2-ft thick
bentonite seal was installed in the annular space above the sandpack.  The remaining annular space
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was filled with a Portland cement/bentonite grout through a tremie pipe to grade. Wellhead
completion included the installation of a 4-inch stick up protective casing.

Wells were developed following installation to remove fine-grained materials using a combination of
bailing and pumping. A new bailer or pump was used for each well to minimize the potential for
cross-contamination.  Approximately three times the well volume plus the amount of water lost
during drilling activities were pumped from the well.  If the water was still turbid, additional water
was purged until no longer turbid, if possible. Water removed from the wells during development was
either disposed off-site or was discharged to the on-site treatment plant.

2.1.3.  Ground Water Sampling and Analyses
Ground water samples have been collected on a quarterly basis since May 2007 in accordance with
the Operation and Maintenance Manual for Post Construction Activities, Richardson Hill Road
Landfill Site, Sidney, New York (Parsons, 2007)(O&M Plan). Specifically, quarterly sampling events
occurred in May 2007, August 2007, December 2007 and March 2008. Samples were also collected
from selected wells in September 2007 and February 2008.  Wells included in each sampling event
include the wells identified in the O&M Plan, additional monitoring wells installed between August
2007 and March 2008, and selected residential wells.

 Table 3 Ground Water Sampling Event Summary.
Sampling Event Wells Sampled Analysis
May 2007 O&M Plan Wells VOCs, PCBs
August 2007 O&M Plan Wells

RH-01, RH-02, RH-03
VOCs, PCBs

September 2007 RH-01, RH-02, RH-03,
RH-04S/04D, RH-05S/5D,
RH-06S/06D & RH-07D/7D

VOCs, PCBs

December 2007 O&M Plan Wells
RH-01, RH-02, RH-03,
RH-04S/04D, RH-05S/5D,
RH-06S/06D & RH-07D/7D
Dimatos Well
Dimatos Spring

VOCs, PCBs

February 2008 Demetriadous Well
Haynes Well
Babcock Well

VOCs

March 2007 O&M Plan Wells
RH-01, RH-02, RH-03,
RH-04S/04D, RH-05S/5D,
RH-06S/06D & RH-07D/7D
Dimatos Well
Haynes Well

VOCs, PCBs

VOCs – Residential Wells

Sample Collection
Ground water samples were collected by Adirondack Laboratories during most the events with the
exception of February 2008. Procedures used for the sample collection were in accordance with the
procedures identified in the O&M Plan. In general, ground water samples are collected from
monitoring wells, with the exception of the MW-12 nested wells, in accordance with procedures
outlined in the Ground Water Sampling Procedure Low Stress (Low Flow) Purging and Sampling
(USEPA Region 2, 1998). The MW-12 sampling procedure is slightly different as it was modified to
conform to the sampling methods used for the Sidney Center landfill Wells.
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The samples are collected using a submersible Grundfos Rediflo� pump connected to dedicated
teflon-lined tubing.  The pump intake is set within the center portion of the screened interval. The
wells are generally pumped at rates of between 200 and 500 milliliters per minute (ml/min). Water
removed from the well is monitored for water quality indicator parameters) temperature, pH,
turbidity, and specific conductivity) approximately every five minutes. The collected data is recorded
on the sampling log. Copies of the sampling logs for the March 2008 sampling event are included in
Appendix D. The well is considered stabilized and ready for sample collection when at least one well
volume has been removed and the indicator parameters have stabilized for three consecutive readings.
If the well does not produce sufficient water or stabilization does not occur, 3 to 5 wells volumes are
removed prior to collection of the sample.  For wells pumping dry, the well is allowed to recover and
the sample is collected.  Purge water removed during sampling was contained and managed in
accordance with the O&M Plan.

MW-12 Group Sampling Procedure
The protocol agreed upon for the MW-12 group is a combination of the low flow criteria outlined
above, and purging techniques employed on the Sidney Landfill.  The procedure requires removal of
one well volume followed by chemical stabilization prior to sampling.  Due to the large storage
capacity of the MW-12 group wells, one well volume is removed with the pump placed in the casing
above the open interval.  This purging will be achieved at a flow rate of one half to one gallon per
minute.  The water level will be drawn down in MW-12D and MW-12DD, however it is not be drawn
below the top of the open interval.  Once one volume has been removed, the pump is lowered to the
center of the open interval, and low flow procedures will be initiated as described above. This
procedure allows for compliance with Region 2 Low Flow Sampling procedures, and also complies
with the site-specific one- volume removal criteria.

Analysis
As outlined in the O&M Plan, samples were analyzed for VOCs in accordance with USEPA Method
8260 and PCBs in accordance with USEPA Method 8082.  The criteria used to identify and quantify
the analytes are those requirements contained in the analytical method, QAPP, the NYSDEC ASP, the
USEPA Region 2 SOPs, and the USEPA National Functional Guidelines for Data Review (USEPA,
2005a, 2004a).  The data package provided by the laboratory is in accordance with the requirements
for a Category B deliverable as dictated by NYSDEC ASP.  Laboratory report forms for the samples
are provided in Appendix E.  At the time this report was prepared, the final data package had not been
provided and the data had not been validated. A data validation report will be submitted under
separate cover.

During the March 2008 sampling event samples collected from selected wells were also analyzed for
the following natural attenuation parameters to evaluate the natural attenuation potential.

Table 4 Natural Attenuation Parameters.
Dissolved oxygen (field meas.) Total manganese Ethene
Biological oxygen demand Dissolved manganese Calcium
Chemical oxygen demand Magnesium Potassium
Total organic carbon Alkalinity Sodium
Nitrate Methane
Sulfate Chloride
Total iron Carbon dioxide
Ferrous iron (field meas.) Ethane
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These analyses were completed on samples collected from the following wells: TMW-8, SSC-1, RH-
04S, RH-04D, RH-06S, RH-06D, RH-08S, RH-08D, MW-12s, MW-12D, RH-01m RH-02, RH-03,
RH-9D, RH-10D, and RH-11D.  No field QC/QC samples were collected as part of this sampling
event. The laboratory used routine internal QA/QC procedures and provided Level I (data only)
packages.  The natural attenuation data are also provided in Appendix E.

2.1.4.  Residential Well Sampling and Analysis

Dimatos Residential Well Vertical Profiling
Ground water samples were collected from selected intervals within the Dimatos residential well to
evaluate the vertical distribution of VOCs within the open hole well interval (approximately from 25
ft to 105 ft). The purpose of this activity was to evaluate the vertical distribution of VOCs to assess
the potential source of the VOCs identified in tap samples collected from the Dimatos residence in
December 2007.  The samples were collected from January 29 to 31, 2008.  A dual packer system
was used to isolate the zones for sampling collection.

The zones were selected based the depths where fractures were identified within the bedrock through
borehole geophysical logging, which was completed on January 23, 2008. The geophysical
techniques used included an optical televiewer (OTV), acoustic televiewer (OTV), and hole caliper.
Eight sampling intervals were subsequently selected based on the fracture distribution. The following
table presents the fracture distribution and packer test intervals for Dimatos well.

Table 5 Dimatos Well Packer Sampling Summary.

Packer Interval
Fracture Depths Incorporated              In Packer Interval

(ft below top of casing) (ft below top of casing)
28 - 37 31.5 and 35
37 - 46 38.5 and 43
48 - 57 54
57 - 66 61
63 - 72 69
72 - 81 78.5
81 - 90 85.5, 87, and 88.5

91 - 105.5 93

The following provides a discussion of the methodology used for completing the packer test assembly
intervals.

• The packer test assembly consisted of a packer string that included two inflatable rubber packers
mounted to a 1-inch diameter steel pipe that extends to the ground surface. The packer was
mounted such that it would seal the top and bottom of the selected 10-ft open hole well interval.
A 10-ft section of the pipe between the packers was perforated to allow the introduction or
withdrawal of water from the packed-off section.

• The packer string was lowered into the borehole. Upon reaching the test interval, the packer was
inflated to isolate the test interval from the borehole. The packer was inflated using an inert gas
(nitrogen) to the operating inflation pressure specified by the packer manufacturer. The packer
seal was evaluated subsequent to inflation by monitoring the inert gas pressure of the inflated
packers and allowing the packer assembly to hang freely in the borehole. The seal was sufficient
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to continue once the pressure of the inflated packers was stable and able to support the weight of
the entire packer assembly. In addition, depth to water inside and outside the packer was
measured in order to confirm that the depth interval was properly sealed by the packers.

• Once the packer assembly was inflated, approximately three volumes of the packed-off bedrock
interval were purged using a submersible pump and dedicated tubing. Ground water sample was
initiated after the removal of the three well volumes. Ground water sampling was collected using
low flow sampling methods.

The following provides a discussion of the methodology used for the low flow sampling methods

• Ground water samples were collected using a submersible pump with dedicated tubing for each
interval. The flow rate for purging and sampling shall not exceed 0.5 liters/min

• Measurements of pH, specific conductance, dissolved oxygen, redox potential, and turbidity were
taken in the field at the time of sampling collection using a flow-through cell and turbidity meter

• Ground water sample was collected after equilibration of water quality parameters. The
equilibration guidelines are as follows:

- Temperature +/- 3% of measurement
- pH +/- 0.1 pH units
- Specific conductance     +/- 3% of measurements
- ORP +/- 10mV
- DO +/- 10% of measurements
- Turbidity +/- 10% of measurements

• Additional field analyses measurements for dissolved oxygen was conducted using a field
titration kit. Results of the low flow sampling are recorded on a sampling log

The ground water samples were collected and submitted to Adirondack Services for VOC analysis
using USEPA method 8260. Level 1 reports (data only) were provided.  These data were not
validated. Following the completion of the sampling interval, the packers were deflated and moved to
the next selected interval.

2.1.5. Survey

Wells and recovery system structures were installed during several different phases of the
investigation and remediation programs conducted at the RHRL Site and the nearby Sidney Center
Landfill Site.  Although the location and elevation of these features had been established in the past,
selected monitoring wells and recovery system features were surveyed as part of this investigation
program to tie the elevations and locations to the same datum.  The survey was completed by Lawson
Surveying & Mapping, a New York State-licensed surveyor.  Horizontal locations were tied to the
New York State Plane Coordinate System (NAD 83).  Elevations were tied to vertical datum NAVD
88.  A copy of the survey information is provided in Appendix F.
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2.2.  Data Interpretation

2.2.1.  Regional Geology
Regional geologic conditions have been previously reported in the Remedial Investigation Report for
the Richardson Hill Road Municipal Landfill (O’Brien & Gere, 1995). The following is excerpted
from that report.

The Richardson Hill Road Landfill Site (RHRLS) is located within the Appalachian Uplands
Physiographic Province (Van Diver, 1985). The plateau region is characterized by east-west trending
ridges of resistant strata that have been dissected by glacial and stream erosion (Coates and King,
1973). Stream valleys within the region have created areas with relief in excess of 1,000 feet.

The surficial geology (overburden) of the region is dominated by Pleistocene-age glacial and recent
alluvial sediments (Fleisher, 1986). The glacial deposits range from three to ten feet thick, but have
been documented in excess of 100 feet, primarily in valleys. The glacial deposits are composed of
clay and silt with various percentages of gravel, cobbles, and boulders and typically have low
permeability.

Recent alluvial deposits, made up primarily of eroded glacially derived materials, are also present
within most of the valleys of the region. Alluvial materials normally consist of well-sorted sands and
gravels that sometimes exhibit grading. Material deposited within dammed valleys or lakes contains
fine-grained silts and clays.

Regional bedrock consists of Devonian-aged sandstones, siltstones, shales, and conglomerates, which
comprise the Upper Devonian Walton Formation (Rickard and Fisher, 1970). The materials that make
up these rocks were eroded from the eastward lying Taconic mountains and transported to the west as
part of the Catskill deltaic-alluvial sedimentary wedge (Van Diver, 1985). The Catskill Wedge is
areally extensive, covering much of New York State with thicknesses reported to range from 300 feet
to 1,000 feet. The sedimentary rocks that resulted from lithification of the wedge are made of
interlayered sandstones, siltstones, and shales that dip gently southward.

The lower Walton Formation of the Sonyea Group has been identified in the immediate vicinity of the
RHRLS. The lower Walton Formation consists of red and green shales and gray sandstones (Sutton,
et. al., 1970). Although the Sonyea Group is cut by numerous southwest to northeast trending fault
blocks to the west of the RHRLS, no brittle structures (faults, shear zones) have been mapped within
2 miles (Isachsen and McKendree, 1977). Joints in the bedrock including north-south, east-west, and
northeast-southwest trending sets have been mapped in the region of the RHRLS; however, the north
to south trending sets are the dominant fracture orientation (Parker, 1942).

2.2.2.  Site Geology
The geology in the vicinity of the Richardson Hill Road Landfill has been characterized through the
installation of soil borings, test pits, and bedrock cores during the Remedial Investigation. Additional
geologic information has been generated through the installation of shallow bedrock monitoring wells
along east-west transects located to the southeast of the Richardson Hill Road Landfill. Generalized
geologic cross-sections incorporating historic and recently installed monitoring wells are shown on
Figures 3 through 7. Cross-section lines are shown in plan view on Figure 8.
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The results of the Remedial Investigation indicated that the Richardson Hill Road Landfill is
underlain by up to 44 feet of dense, reddish brown to grayish brown till overburden, which is
composed of a heterogeneous mixture of sand, silt, clay, and rock fragments. Recently installed
shallow bedrock monitoring wells RH-1, RH-3, RH-8D, RH-9D, RH-10D, and RH-11D located at
various distances to the southeast of the Richardson Hill Road Landfill indicated similar ranges in
thickness of till overburden as beneath the Richardson Hill Road Landfill. However, the log of
shallow bedrock monitoring well RH-2 recently installed to the southeast of the Richardson Hill Road
Landfill within the center of the valley indicated the presence of approximately 63 feet of overburden.
Overburden thickness is greater in the center of the valley compared to upland areas.

The bedrock beneath the till overburden consists of relatively flay lying, interfingered sequences of
massive sandstones with occasional siltstones and shales. These bedrock sequences are reported to
dip approximately 2 to 3 degrees to the east (Malcolm Pirnie, 1995). The bedrock surface decreases in
elevation by approximately 160 feet from upland portions of the Richardson Hill Road Landfill
eastward toward South Pond, which represents the approximate center of the bedrock valley. As well,
the bedrock surface decreases by approximately 90 feet along the valley floor from the north at MW-
11D to the south at RH-10D. Bedrock elevations are shown on Figure 9.

Bedrock cores obtained from the recently installed monitoring wells RH-8D, RH-9D, RH-10D, and
RH-11D exhibit similar fracture patterns as to cores obtained during the Remedial Investigation.
Fractures in these recent cores were mainly horizontal, parallel to bedding and closely spaced. Many
of the fractures contained silt/clay in-fillings.

As described in Section 2.1.1., multiple downhole geophysical tools were run in both cased and
uncased bedrock wells. The detailed geophysical logging report provided by MAG is provided in
Appendix B. Results of the optical and acoustic televiewer information indicated the presence of
numerous open and closed fractures with varying apertures, strikes, and dips. Tooling used to
evaluate fluid temperature did not indicate significant deviations, offsets, or slope changes that would
be indicative of flow. The fluid conductivity logging indicated minor to significant offsets suggesting
flow in the following wells: Ross Patton, MW-7D, MW-8D, MW-8DD, MW-9D, MW-11D, MW-
12DD, MW-12S, RH-1, RH-4D, RH-6D, SSC-01, SSC-02, SSC-04, TMW-1, and TMW-8. The
natural gamma logging did not indicate any significant changes, suggesting that shale identified in
rock cores during the drilling only contains a minor component of clay and is more likely a thinly
bedded siltstone.

The borehole geophysical results did not identify significant changes in the electrical signatures of
bedrock within the borehole geophysical profiles that could be identified as markers for correlation of
strata between boreholes.  Furthermore, correlation of bedrock units and fractures within those units
between boreholes is difficult given the large change in bedrock elevations from upland areas toward
the valley, and also from north to south along the valley floor.  Although bedrock intervals screened
by wells in close proximity to one another, such as the along the collection trench, are similar.
Bedrock elevations across the valley and along the axis of the valley vary due to the erosional surface
of the top of bedrock as illustrated by the cross sections.  Due to this variation in the bedrock surface,
shallow bedrock intervals along the sides of the valley subcrop beneath the overburden in the center
of the valley and are not connected across the valley as they have been eroded away.  Similarly, due
to the slope of the bedrock surface down the axis of the valley, the shallow unit intersected in RH-2
does not exist in the area where RH-10D is located, approximately 1,200 feet to the south. (Figure 5)
This subcropping of units occurs to a lesser degree along the sides of the valley.
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Given the inability to correlate bedrock strata and fractures, Figures 3 through 7 were constructed to
illustrate geology at each specific monitoring well. Conceptual geologic cross sections are shown on
Figures 9 and 10. The purpose of these figures is to provide a conceptual depiction of the alternately
bedded strata through the investigation area in north-south and east-west orientations. Figure 10
depicts a conceptual representation of the three-degree bedding plane dip to the east as suggested by
the background geologic information for the area.  These cross sections also illustrate the subcropping
of the individual units beneath the till within the valley.

2.2.3.  Site Hydrogeology
Ground water is present within the overburden and bedrock. Ground water flow within the
overburden is topographically controlled and highly heterogeneous, preferentially occurring within
fractures in the till and within zones of relatively coarser overburden materials. In the vicinity of the
RHRLS, overburden ground water flow potentials are to the east and southeast at an average
hydraulic gradient of approximately 0.15 feet per foot (ft/ft) based on historic data. Overburden
ground water discharges to South Pond. To the south of the RHRLS, overburden ground water likely
discharges to Herrick Hollow Creek. However, no overburden monitoring wells have been installed
within the valley to document discharge to Herrick Hollow Creek.

Ground water flow within the bedrock occurs along bedding planes and fractures. Ground water
elevations collected in February and March 2008 are summarized on Table 6. A map presenting the
ground water elevations measured on March 19, 2008 is provided on Figure 12.  As with overburden
ground water, flow potentials in the bedrock appear to generally follow the surface topography.
Bedrock ground water flow potentials are from the eastern and western uplands to Herrick Hollow
Creek valley, as well as to the south within the valley. As discussed in Section 2.2.2., near surface
bedding planes and fractures subcrop to the till overburden from upland areas to the valley, as well as
along the length of the valley. Results from the Remedial Investigation indicated that bedrock ground
water flow potentials are to the east from RHRL to South Pond at an average hydraulic gradient of
0.12 ft/ft.

During drilling of the RH-9D, RH-10D, and RH-11D monitoring wells, particular attention was paid
to the apparent hydraulic capacity of the till overburden by noting whether drilling fluids were lost
during drilling. At each well location, fluids used in the drilling process were not lost in the till. This
suggests that the till is of low permeability and that there is little to no hydraulic communication
between the bedrock and the overlying till in these areas. Since the till overburden is considered to
have lower permeability than the bedding planes and fractures, as bedrock ground water encounters
the till where these bedding planes and fractures subcrop to the till, it likely remains in the shallow
bedrock intervals as it flows southward along the valley through the bedding planes and fractures.

Comparison of shallow bedrock ground water elevations in wells located to the east and west of the
valley floor (RH-1, RH-3, RH-9D, and RH-11D) to shallow bedrock ground water elevations in wells
located in the approximate center of the valley (RH-2 and RH-10D), indicate flow potentials from the
east and west to the center of the valley. Hydraulic gradients perpendicular to the valley between RH-
1 and RH-2 (0.043 ft/ft), and RH-3 and RH-2 (0.055 ft/ft) are slightly higher than hydraulic gradients
parallel to the valley axis, from RH-1 to RH-9D (0.034 ft/ft), RH-2 to RH-10D (0.027 ft/ft), and RH-3
to RH-11D (0.035 ft/ft). The hydraulic gradients perpendicular to the valley further to the south of the
RH-1/RH-2/RH-3 transect at the RH-9D/RH-10D/RH-11D transect are approximately an order of
magnitude lower. The variations in hydraulic gradient between these well transects are likely
attributable to heterogeneity in fracture and/or bedding plane permeability in the bedrock and
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differing screened and/or open interval elevations of the wells.  The lower hydraulic gradient is likely
representative of higher permeability in the bedrock unit at this location.

The Remedial Investigation report indicates that apparent downward hydraulic flow potentials exist
from the overburden to the bedrock in certain areas of the RHRLS. Specifically, these downward
potentials were observed at well nests MW-11S/MW-11D and MW-18S/MW-18D/MW-18DD. In
addition, downward flow was noted at the MW-7S/MW-7D pair that is located in the current RH-
4S/RH-4D location immediately south of the collection trench. Conversely, an upward flow potential
as noted at wells MW-4S and MW-4D nest located to the north of the trench area.

Based on the most recent ground water elevation monitoring events conducted in February and March
2008 as part of the Supplemental Hydrogeologic Investigation, downward flow potentials were
consistently evident at overburden/bedrock well nest RH-5S/RH-5D and upward flow potentials were
observed at well nest RH-6S/RH-6D.   Flow potentials varied between upward and downward at
locations RH-4S/RH-4D and RH-8S/RH-8D.  These variations may be in response to pumping cycles
within the trench. Some of the variation in the flow potentials at the RH-4S and RH-4D area may be
due to surface water runoff entering the well as water was observed pooling within the flush-mounted
casing following precipitation events.   While the vertical gradient at RH-7S/RH-7D, located on the
north end of the trench, also fluctuated during the period, the elevation differences were very slight.
In addition, at bedrock well nest MW-12S/MW-12D a downward vertical flow potential was noted.
This is consistent with flow potentials reported at other bedrock well nests during the Remedial
Investigation.

Heat pulse flowmeter information was generated during the borehole geophysical logging targeting
specific caliper anomalies and televiewer features. This information is provided in Appendix B. No
vertical flow was measured between fractures in wells MW-4D, MW-8DD, MW-9D, MW-12DD,
RH-3, RH-4D, RH-5D, or RH-11D, indicating little to no difference in hydraulic head within the
borehole. The impeller flow meter was also used in the in-trench wells to evaluate flow. Review of
the geophysical logs for these wells (Appendix B) indicates that an upward flow was noted when the
probe was within the solid casing that separates the trench and bedrock portions of the well screen at
each well location suggesting that upward flow of ground water from the bedrock to the trench.

Hydraulic conductivity of the overburden and bedrock was evaluated during the Remedial
Investigation. As reported in the Remedial Investigation Report (O’Brien & Gere, 1995), overburden
hydraulic conductivity ranged between 0.1 to 114.6 gallons per day per square foot (gpd/ft2). The
large range in overburden hydraulic conductivity values is attributed to the heterogeneous nature of
the overburden material. Seepage velocity through the overburden can be estimated by multiplying
the hydraulic conductivity by the hydraulic gradient, and dividing by effective porosity. Using an
assumed effective porosity of 0.3 for sandy till (Freeze and Cherry, 1979), and a topographically
controlled hydraulic gradient of 0.15 ft/ft, the estimated range in seepage velocity through the
overburden is 0.007 ft/day to 7.66 ft/day.

As reported in the Remedial Investigation report, bedrock hydraulic conductivity ranged from 0.002
gpd/ft2 to 49 gpd/ft2. This wide range in hydraulic conductivity in the bedrock is a function of the
degree to which wells intersect zones having high fracture frequency. Assuming an effective porosity
of 0.2 for the bedrock and a topographically controlled hydraulic gradient of 0.12 ft/ft, the estimated
seepage velocity through the bedrock ranges between 0.0002 ft/day to 3.9 ft/day.
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2.2.4.  Ground Water Quality

Ground water samples have been collected and analyzed from wells within the monitoring network
on five occasions between May 2007 and March 2008. Several of the wells within the monitoring
network, specifically those located downgradient of the pond, were installed during this period. The
most complete sampling event occurred in March 2008. In addition to the monitoring wells, samples
were also collected from the following residential wells: Dimatos, Haynes, Demetriadou, and Patton.
The monitoring wells samples were analyzed for VOCs and PCBs.  The residential well samples were
analyzed for VOCs. A summary of the detected constituents is provided as Table 7. The analytical
results are included as Appendix E.

Constituents of concern (COCs) at RHRLS are primarily trichloroethylene (TCE), cis-1,2
dichloroethene (CDCE), and vinyl chloride (VC). In some locations trichloroethane and
dichloroethane are also detected at low concentrations. PCB Aroclor 1242 is also considered a COC
and has been detected in wells near the recovery trench. Although other VOCs have occasionally
been detected in some of the samples such as acetone, chloromethane, and trihalomethanes, these are
likely laboratory artifacts or, in the case of residential wells, the result of chlorination of the water.
Figure 13 shows concentration ranges of chlorinated VOCs at well locations based on the March 2008
sampling event.

Trench Area Wells
The ground water in the vicinity of the trench contains the highest concentrations of the COCs. As
illustrated on Figure 13, VOCs were detected in each of the wells in the vicinity of the trench with the
exception of RH-7D and RH-4S. The highest concentrations were noted in the central trench area
(TMW-3 and TMW-4) with total VOC concentrations at these locations between 1,500 µg/L to 2,200
µg/L.  In addition, well RH-6S, located immediately downgradient of this area of the trench, contains
total VOCs at 4,270 µg/L.

Figure 14 provides a cross-sectional view of the ground water quality at the collection trench. As
illustrated, concentrations on the north end of the trench appear to be relatively low with total VOC
concentrations at the TMW-1 and TMW-2 wells each around 130 µg/L. Furthermore, concentrations
of VOCs in well RH-7S are less than 10 ppb and there were no detected VOCs in well RH-7D.  These
data suggests that the trench generally encompasses the north edge of the plume.

On the south end of the trench, the concentrations at the last set of trench wells, TMW-7 and TMW-8,
are 20 µg/L and 476 µg/L, respectively. The concentration in the shallow well indicates that the
trench extends to the southern edge of the overburden portion of the plume.  This is further supported
by the fact that VOCs were not detected in well RH-4S located south of the trench.  However, the
total VOC concentration at RH-4D is 248 µg/L and the total VOC concentration at RH-3 is 584 µg/L
suggesting that a portion of the plume in the shallow bedrock on the south side of the trench has
migrated beyond the trench. The RHRLS RI Report (OBG, 1995) contains ground water quality data
from monitoring well MW-7D (this well was subsequently renamed RH-4D as part of the post-
remediation monitoring effort). The total VOC concentration at this well in December 1994 was 10
µg/L.  There are no data regarding the ground water concentration at this location immediately prior
to the trench installation.  Therefore, it is unclear whether the ground water quality at RH-4D changed
following installation of the trench or if the concentrations are consistent with pre-trench conditions.
Furthermore, since RH-3 was installed in August 2007, there is no historic information for this
location as well.
Downgradient Wells
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Downgradient of the trench area, VOCs were detected in monitoring wells MW-12D, RH-1, RH-2
and RH-3. No VOCs were detected in newly installed wells RH-9D, RH-10D and RH-11D, which are
located further downgradient of the site than the RH-1/RH-2/RH-3 transect.  This suggests that the
downgradient extent of the plume within the shallow bedrock zone has been identified.

Ground water samples were collected from RH-1, RH-2, RH-3 on four separate occasions since they
were installed: August 2007, September 2007, December 2007 and March 2008. Review of the
collected data suggests that the concentrations of VOCs in wells RH-2 and RH-3 were generally the
same for each of the sampling events while the VOC concentration in well RH-1 appears to have
decreased from a total VOC concentration of more than 600 µg/L to a total VOC concentration of
around 200 µg/L. The variation in concentration may be seasonal with lower concentrations due to
recharge to the aquifer in the vicinity of RH-1 during the wetter period observed in November 2007
through March 2008.  Additional monitoring data will be needed to confirm this relationship.

Residential Wells
Individual VOCs, TCE and CDCE, were detected at concentrations above 5 µg/L for the first time in
the Dimatos tap sample collected in December 2007. The total VOC concentration was 17.1 µg/L.
The concentrations observed in this well in March 2008 were similar with a total VOC concentration
of 13.4 µg/L.  This well is located between the RH-1/RH-2/RH-3 and RH-9D/RH-10D/RH-11D
monitoring well transects.

Analytical results of samples collected from each packer interval during the packer testing of the
Dimatos well are provided on Table 5.  Review of these data indicates that the concentrations of the
individual zones are slightly higher that those observed at the tap with concentrations of total VOCs
at most intervals ranging between between 10 and 20 µg/L.  The highest concentration of chlorinated
VOCs was out of this range at 64.4 µg/L and was observed in the interval between 63 and 72 ft below
grade which corresponds to an elevation of around 1672 ft msl to 1681 ft msl.  Although the
concentrations were higher at this interval, review of the available sampling rate for this zone, 100
ml/min, suggests that it was one of the lower water producing zones.

VOCs were detected a low concentrations at the Haynes residence well, located approximately 3,800
ft (0.75 miles) to the south of the RH-9D/RH-10D/RH-11D.  Discussions with the homeowner
indicate that this well is approximately 100 ft deep. No other information regarding the well could be
obtained. The ground surface elevation at the Haynes residence is approximately 1,584 ft msl, which
makes the estimated elevation at the base of the well 1,484 ft msl. Given the distance from the site
and the elevation of the well, the relationship of these constituents to those identified in the plume at
the RHRLS is not clear.

VOCs were not detected at the Demetriadou residence, which is located approximately 1,200 ft south
of the Haynes residence.  Information pertaining to the construction of this well was not obtained.

2.2.5.  Preliminary Natural Attenuation Evaluation

The USEPA has issued a technical protocol for implementing and evaluating natural attenuation
processes associated with chlorinated solvents in ground water.  This protocol is presented in the
USEPA document titled “Technical Protocol for Evaluating Natural Attenuation of Chlorinated
Solvents in Ground Water” (Wiedemeier, et. al., 1998).  This document was utilized as the primary
guidance for this evaluation of natural attenuation.
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Natural attenuation refers to the physical, chemical, and/or biological processes that act to reduce the
mass, toxicity, mobility, volume, or concentration of contaminants in soil and ground water.  Non-
destructive processes may include dispersion, advection, sorption, and volatilization. Destructive
processes may include chemical and/or biological transformation of contaminants.

The USEPA protocol referenced above identifies three lines of evidence that can be used to evaluate
natural attenuation of chlorinated compounds.  The first line of evidence utilizes historic ground water
and/or soil analytical data to demonstrate decreasing trends in contaminant mass and/or concentration
over time at appropriate monitoring points.  The second line of evidence utilizes hydrogeologic and
geochemical data to indirectly demonstrate the types of natural attenuation processes occurring at a
site, and the rate at which natural attenuation processes will reduce contaminant concentrations to
regulatory criteria.  The third line of evidence utilizes field or microcosm data to directly demonstrate
the degradation of particular contaminants of concern via biological processes.

Regarding the first two lines of evidence, the analytical database is insufficient at this time to
adequately evaluate trends in contaminant mass and/or concentration, and temporal changes in
geochemical parameters that may affect natural attenuation processes. Regarding the third line of
evidence, a microcosm study is considered inappropriate given the limited analytical and geochemical
data collected to date.

To provide a preliminary evaluation of natural attenuation, the initial step of the bioattenuation
screening process described in the referenced USEPA protocol was completed. This USEPA protocol
describes the implementation of the screening process to provide an initial evaluation whether
biodegradation may be occurring, and whether further natural attenuation investigations are
warranted.  Step 1 of the screening process involves awarding points based on concentrations of
various analytical parameters.  The degree of evidence for anaerobic degradation (reductive
dechlorination), conditions under which chlorinated compounds appear to degrade most readily, is
based on the total points awarded after assigning points to site-specific data.  Table 9 contains the
assigned point values associated with analytical and field parameters collected at the Site during the
Supplemental Hydrogeologic Investigation.

According to the screening process, scores between 0 and 5 indicate inadequate evidence for
reductive dechlorination of chlorinated compounds.  Scores between 6 and 14, 15 and 20, and greater
than 20 indicate limited, adequate, and strong evidence of reductive dechlorination, respectively.

The results of Step 1 of the screening process indicated that scoring ranged between 3 (inadequate
evidence) at MW-12S and 18 (adequate evidence) at TMW-8, RH-RH-6S, and RH-8D. The average
score for the 15 wells from which natural attenuation parameters were analyzed was 11 (limited
evidence). Overall, the scoring results indicate there is limited evidence for anaerobic biodegradation
(reductive dechlorination) of chlorinated organics.

Although the preliminary indication is that there is limited evidence for biodegradation of chlorinated
compounds via reductive dechlorination, additional monitoring is required to provide data to allow
evaluation of contaminant trends and to confirm the ground water geochemistry data collected to date.
The presence of degradation products of TCE such as cis-1,2-DCE and less prevalent vinyl chloride is
suggestive that some degree of natural attenuation is occurring via biologic processes.
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3.  Ground Water Collection Trench Evaluation

3.1.  Extraction Trench Operation Design

The ground water collection trench was designed to intercept overburden and shallow bedrock ground
water from the Richardson Hill Road Landfill Site (RHRL). This design was based on findings from
work completed during the Richardson Hill Road Landfill Remedial Investigation (O’Brien and Gere,
August 1995). These findings as well as other investigation findings were incorporated into a
numerical model simulating ground water flow for the RHRL Site (Parsons, 2000). The ground water
extraction trench engineering design specifications were based on these simulations.  The following
bullets summarize the applicable design controls based on the ground water model for the extraction
trench capture zone, and Figure 15 shows the trench plan with the trench design capture zone
highlighted in yellow hatching.

Trench Capture Zones:

• The lateral capture zone extends to north and south limits of the excavated trench, and is
predicted to extend no wider than these limits

• The vertical capture zone potentially extends 25 ft below the till/bedrock surface encountered
during the excavation

• Water levels should be maintained at a level LOWER than 1,750 ft above mean sea level (amsl)
in order to capture shallow bedrock ground water.

• Of the total ground water captured by the extraction trench, 90% is expected to be from
upgradient sources to the west of the trench (Richardson Hill Road Landfill).

• Of the total ground water captured by the extraction trench, 10% is expected to be from
downgradient sources to the east of the trench.

Overburden Capture
Ground water in the overburden moves from the upgradient landfill, into the extraction trench, and is
removed from the trench via 3 sumps. A high density polyethylene barrier (HDPE) limits overburden
ground water migration past the trench to downgradient areas, including the South Pond.  While the
barrier extends to the bedrock/till contact, it is not designed to completely eliminate ground water
flow.  The ground water extraction trench was designed to hydraulically control and limit
downgradient migration in the overburden. This has been documented in the August 3, 2007 Memo
found in the Appendix G-3 as a component of the Final IRA Report for Remedial Work Element II
(Parsons, 2007) and is discussed in greater detail in the context of the current hydraulic evaluation in
section 3.5.

Shallow Bedrock Capture
The extraction trench is also designed to enhance the capture of shallow bedrock ground water to the
extent indicated above.  The dual zone wells within the trench (TMW-1, SSC-1, SSC-2, SSC-3, SSC-
4 and TMW-8) are designed to act as passive wells. These wells transmit shallow bedrock ground
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water into the extraction trench based on the upward gradient from the bedrock to the overburden
documented in Site wells during previous investigations (Sidney Center RI by Malcome Pirnie, and
Richardson Hill Road Landfill by O’Brien and Gere).  As indicated in Section 2.2.3 the impeller flow
meter measurements taken in the in trench wells indicate upward flow from the shallow bedrock into
the trench. However, while upward gradients from bedrock to overburden were also noted in wells
adjacent to the north and middle sections of the trench, neutral or downward gradients were
documented in wells located in areas adjacent to the south end of the trench.

Sump Performance and Transducer Set Points
Three sumps remove water from the extraction at a designed total rate of 60 gpm. Modeling estimates
determined that this rate was appropriate to maintain hydraulic control under normal hydrogeologic
conditions (Parsons, 2000). The sumps are controlled by transducers which control the ON and OFF
cycles of each pump.  According to the treatment plant operator, the transducers are secured to the
pump pipe approximately 1 ft above the top of the pump housing. Sump pumps are set to turn on
when transducers read 2 ft (water levels are 3 ft above pump), and are set to turn off when the
transducers read 1 ft (water levels are 2 ft above pump). Each sump is also located as close to the
terminal depth of the sumps as possible in order to draw water levels down to the maximum depth
possible.

3.2.  Extraction Trench Performance

Upon implementation of the Hydrogeologic Investigation Work Plan for the Site the plant operator
for the Richardson Hill Road Landfill Wastewater Plant indicated that sump water levels were
typically higher than had been observed in the past.  The sump pumps in sumps 1 and 2 were also not
cycling on and off, which indicated that water levels were not being drawn down to within design
ranges set forth in the O&M Plan. The operators had also noted precipitous accumulations on flow
meters, which needed to be changed multiple times over the course of 3 months.  These observations
indicated that the extraction trench was sub-performing according to design capacities, likely due to
material accumulation and not due to changing hydrogeological conditions.  As a result, a flow meter
was installed in the influent line to the treatment plant to accurately gauge incoming water from the
extraction trench.  The following bullets detail the flow recorded following the meter installation:

• All sumps “on” with total flow around 17.5 gpm

• Each individual sump “on” with total flow around 12-14 gpm

• Sum of individual flow does not equal total flow, which indicated that the problem was likely
within line rather than a sump pump

• Total design flow was expected to be 60 gpm

Due to the sub-performance of the extraction system, trench conveyance line cleaning commenced on
Wednesday, February 13 and was completed on Friday, February 15. Figure 16 Illustrates
background water levels including the change in the water levels observed in the wells within the
extraction trench. While a noticeable change in water levels was observed within the trench, it is also
of note that the water levels prior to conveyance line cleaning were still below the design criteria of
1,750 ft amsl. Furthermore, noticeable fluctuations in water levels occur in trench wells, notably SSC-
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2 and SSC-1, following conveyance line clean-out which indicate the trench water levels are drawn
down to the transducer design set points and the sump pumps were cycling on and off.

3.3.  Data Collection

Hydrogeological Investigation Activities
Data collection for the Ground Water Trench Evaluation portion of the Supplemental Hydrogeologic
Investigation Work Plan began on February 4, 2008. Table 8 presents both the steps detailed in the
work plan and the steps actually performed during the investigations. The third column in the table
details the rational for the work plan and field activity deviations. The field changes to the work plan
were agreed upon by each party involved in the investigation, and were discussed prior to execution
during weekly technical group conference calls.

Monitored Wells
Table 9 identifies the wells monitored during the ground water trench evaluation and the inset in
Figure 2 displays the location of the monitored wells. As indicated in the table, transducers were
installed in wells indicated in BOLD print in the table. Hand water level measurements were also
recorded in these wells.  Water levels were also recorded in other Site wells. These wells are listed in
Italic font on the following table, and levels were recorded using only hand measurements.

Table 9  Monitoring Wells – Extraction Trench Hydrogeology Study.
RH-11 RH-5D TMW-2 TMW-5 MW-12D MW-11D (SL)1

RH-2 RH-6S SSC-1 SSC-4 MW-12DD1 South Pond
RH-3 RH-6D TMW-3 TMW-6 MW-18S3 RH-8S

RH-4S RH-7S SSC-2 TMW-8 MW-18D3 RH-8D
RH-4D RH-7D TMW-4 TMW-7 MW-18DD3 Dimatos1

RH-5S TMW-1 SSC-3 MW-12S1 MW-11S (SL)2 MW-4S/4D1

Source: O’Brien & Gere

Notes: SL-Sidney Center Landfill Well Bold Pressure Transducers      Italics Hand Measurements only
1 – Included after 2/26/08 2 – unable to access well         3 – Abandoned
4 – Not included due to snow and ice accumulation.

Precipitation Data Collection
Precipitation events are recorded as part of the Site treatment plant operation.  These data are included
in various graphs.  Surface water fluctuations in the South Pond were not recorded because snow and
ice accumulation prevented staff gauge readings.  Also, multiple warming periods during the trench
testing period increased surface water runoff to the South Pond, making the separation of surface
water and ground water signals difficult.

3.4.  Data Interpretation

Barometric Correction
Upon completion of the extraction trench hydrogeologic investigation, water levels recorded by
pressure transducers were downloaded and analyzed for atmospheric pressure affects. These external
changes in pressure can, in some cases, created subtle, periodic changes in water levels that can mask
aquifer responses to hydrogeologic influences. The data were imported into the Barometric and Earth
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Tide Response Correction (BETCO) created by Sandia National Laboratories and analyzed for
external influences using the barometric pressures gathered on-site. Following analysis, it was
determined that barometric changes had too small an influence on water levels measured in
monitoring wells to affect the data, and the resulting raw data was accepted as representative of actual
hydrogeologic conditions. Appendix H contains graphs for each well for the trench testing period.

Overburden Responses
Hydraulic responses to the trench testing were observed in most overburden wells and dual zone
trench wells. While the dual zone wells extend into the bedrock, these wells were considered
overburden monitoring wells when the packers were not inflated because the screens straddle the
water table. Water levels rose following sump pump shut down and dropped while the pumps were
pumping. The most notable and rapid response occurred in the dual zone wells (Figure 17) and the
wells immediately downgradient (Figure 18).  Similar responses were noted in the overburden RH
wells that are located hydraulically downgradient (Figure 19) with the exception of RH-5S, which
does not appear to be influenced by the trench.  This indicates that the extraction trench does exhibit
some influence on ground water downgradient, or east, of the HDPE barrier wall.  However, as
indicated by RH-5S which is farther from the trench than RH-7S, RH-6S, RH-8S, and RH-4S, the
hydraulic influence is localized to areas immediately downgradient and does not likely extend beyond
the extent of the swale.  Figure 20 shows a cross section of the trench with water levels in the trench
displayed as a red line, water levels immediately downgradient of the trench as a blue line, RH wells
as blue points, and the green line as the target water level for effective hydraulic control.

The lateral extent of hydraulic control is also likely limited, as discussed earlier. However, the water
levels in overburden wells immediately adjacent to the north and south terminuses of the trench (RH-
7S and RH-4S, respectively) show responses similar to the wells in the trench (Figure 19). This
indicates that the trench may have some influence beyond the limits of the excavation. This influence
is likely limited, however, to specific hydrogeologic conditions under low recharge periods. The
Sidney Center RI and Richardson Hill Road Landfill RI reports also indicate that overburden will
respond rapidly to precipitation events in a flashy manner.

Bedrock Responses
Hydraulic responses to the trench testing were observed in most bedrock wells during the course of
the hydrogeologic investigation.  In general, similar changes were observed in bedrock wells closest
to the trench.  The wells that exhibited the most response to hydrogeological changes created by the
extraction trench were the wells closest to the northern portion of the trench, followed by those
closest to the central portion of the trench. The responses were similar to those observed in
overburden wells where water levels rose when the sump pumps were turned off, and dropped when
sump pumps resumed pumping.

Figure 21 shows the responses in the bedrock wells in closest proximity to the extraction trench. RH-
6D and RH-7D illustrate the largest responses on the northern and central portion of the trench, with
the wells closest to the southern portions of the trench show smaller responses.  It is also of note that
the spiked response observed in RH-4D were the result of surface run-off entering the flush mount
well.

Figure 22 shows the water levels in RH-2, RH-3, and MW-12D.  RH-2 is plotted on the secondary
(right axis) axis for visual comparison, and SSC-2 is included in light blue as an example of a well
with a strong response.  Water levels appear to change in RH-3 in a similar fashion as the water levels
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in the trench first half of the test, however water levels appear to fluctuate between March 5 to 9
indicating recharge from the warm weather during these dates may influence shallow bedrock.  MW-
12 also appears to have a delayed respond in a similar fashion on a smaller scale to the initial shut
down and packer inflation, but also appears affected by recharge.

Packer Response
Figure 23 illustrates the responses of the dual zone wells upon packer inflation and deflation.  Again,
the strongest response to packer inflation occurs on the northern and central portions of the trench,
with the least response observed on the southern portion of the trench. The response observed in
TMW-1, SSC-1, and SSC-2 during bedrock-zone isolation indicates an upward hydraulic gradient on
the north and central portion of the trench. While this response may suggest there is some hydraulic
separation between overburden and shallow bedrock, the water levels continue to be drawn down in
the bedrock zones isolated by the packer.  This indicates that the trench may likely have some
hydraulic control over shallow bedrock water through pathways through the bottom of the trench
rather than solely through the dual zone wells in these areas. While packer separation illustrates a
slightly downward gradient in SSC-3, water levels continue to drop in the bedrock following
isolation. This response also has the same implication. Lastly, SSC-4 and TMW-8 show a negligible
response to packer isolation. This indicates that a strong connection between overburden and shallow
bedrock may exist in the southern portion of the trench.

3.5.  Conclusions

Lateral Response and Hydraulic Control
Based on review of historic reports, site ground water modeling documentation, trench design and
operations and maintenance manuals, the Richardson Hill Road Ground Water Extraction Trench
currently operates as initially designed following the conveyance line cleaning. The trench was
designed to capture ground water primarily from the overburden and shallow bedrock migrating
downgradient of the Site. Pre-construction documentation determined that the lateral (north/south)
extent of hydraulic control would be limited to the terminuses of the trench (Appendix G).
Conclusions based on the water level responses during the trench testing program largely support this,
and also indicate that there may be some influence beyond the terminuses of the trench in the
overburden. Limited lateral (north/south) influence of shallow bedrock ground water may extend
beyond the northern trench terminus, however it is not likely to extend the beyond the southern
terminus of the trench.

During design ground water modeling and trench design parameters predicted some (10%) lateral
hydraulic control over ground water from areas downgradient (to the east) of the extraction trench.
The monitoring wells immediately downgradient of the trench are drawn down in a similar fashion
compared with in trench wells following the recovery stages of the trench testing which confirms this.
However, the extent of ground water control is likely limited and localized. Changes in ground water
conditions created by the extraction trench may be observed in other site wells (MW-12D and RH-3)
under specific conditions where recharge does not overwhelm the signal, indicating some influence
on ground water conditions on a larger scale.

Vertical Response and Hydraulic Control
As indicated above, the extraction trench currently operates as designed following the conveyance
line cleaning, however the vertical influence of the extraction trench likely varies across the length of
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the trench. The trench likely collects ground water from shallow bedrock at the base of the trench
excavation which is approximately 10 ft higher on the south end than the north end. Ground water
collection from shallow bedrock is also aided by the dual zone trench wells. The change in direction
in the vertical gradients from the north (upward) to the south (negligent to downward) indicates that
hydraulic control may not be consistent across the entire length of the trench. This is most apparent in
the portion of the trench to the south of SSC-3 where bottom of the trench is at a higher elevation
(~1742’ amsl) compared with areas to the north of Sump-2 (~1730’ amsl). Due to the elevation
difference, the extraction trench is not able to draw water levels in the trench below the pressure
heads observed in wells in the shallow bedrock.
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4.  Conceptual Site Model

This preliminary conceptual site model has been developed using data generated during the
Richardson Hill Road Landfill and Sidney Center Landfill remedial investigations, and newly
acquired data generated during the Supplemental Hydrogeologic Investigation.

The RHRLS is underlain by till overburden composed of a heterogeneous mix of sand, silt, clay, and
rock fragments. This till is underlain by sedimentary bedrock consisting of massive sandstones and
thinly bedded siltstones. Fractures in bedrock were mainly horizontal, parallel to bedding and closely
spaced. Many of the fractures contained silt/clay in-fillings. Information from the deeper bedrock
cores collected at the RHRLS indicated fewer fractures associated with the sandstone units compared
to the siltstone units. Bedrock elevations across the valley and along the axis of the valley vary due to
the erosional surface of the top of bedrock.  Due to this variation in the bedrock surface, the shallow
bedrock intervals, bedding planes, and horizontal fractures along the sides of the valley subcrop to the
overburden in the center of the valley and are not connected across the valley as they have been
eroded away.  Similarly, due to the slope of the bedrock surface down the axis of the valley, the
shallow bedrock intervals, bedding planes, and horizontal fractures beneath the northern part of the
Herrick Hollow Creek Valley do not exist in southern areas of the valley. This subcropping of units
occurs to a lesser degree along the sides of the valley.

Ground water is present in the overburden and bedrock. Ground water flow within the overburden is
topographically controlled and highly heterogeneous (not present in some areas), preferentially
occurring within fractures in the till and within zones of relatively coarser overburden materials. In
the vicinity of the RHRLS, overburden ground water flow potentials are to the east and southeast
towards the valley. Overburden ground water discharges to South Pond. To the south of the RHRLS,
overburden ground water likely discharges to Herrick Hollow Creek.

Ground water flow within the bedrock occurs along bedding planes and fractures. As with overburden
ground water, flow potentials in the bedrock appear to generally follow the surface topography.
Bedrock ground water flow potentials are to the east from the landfill to South Pond, as well as from
the western upland areas along the length of the Herrick Hollow Creek valley. Ground water flow
potentials within bedrock along the axis of the valley are to the south down the valley.

Overburden and bedrock ground water has been impacted by VOCs (mainly 1,1,1-TCA, TCE, cis-
1,2-DCE, and vinyl chloride) along the west shore of South Pond. Shallow bedrock south of South
Pond has also been impacted near RH-1, RH-2, and RH-3, although at lesser concentrations than
nearer the landfill. The source of these VOCs is the RHRL. The Part 360 landfill cap in conjunction
with the ground water collection trench is serving to minimize continued migration of VOCs to
downgradient areas from the RHRL. VOCs detected in shallow bedrock ground water at
downgradient wells RH-2 and RH-3 are considered to have migrated to these areas prior to
installation of the ground water collection trench and not present due to ineffectiveness of the trench
operation. The source of VOCs detected in monitoring well RH-1 are not considered to be from the
RHRL proper. RH-1 is located on the opposite side of the valley from the RHRL and the bedrock
intervals present in wells near the RHRL are not present in RH-1. Also, based on the potentiometric
head in RH-1, the bedrock ground water flow potential is considered to be to the west toward the
center of the Herrick Hollow Creek valley and the RHRL proper.  Therefore, it could be concluded
that a direct contaminant migration pathway from the RHRL proper to RH-1 is not likely to exist. A
more plausible source of the constituents detected in RH-1 may be from the North Area located near
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the headwall of the valley. Constituents from the North Area may be migrating to the south within
and along the edges of the valley. The RH-9D, RH-10D, and RH-11D monitoring well transect
appears, at present, to delineate the downgradient extent of VOCs in the shallow bedrock. These wells
are approximately 1,200 feet downgradient of the RH-1, RH-2, and RH-3 wells.

While it does appear at present that the shallow bedrock VOC plume has not migrated a significant
distance down the valley given the length of time the landfill has been present, the stability of the
plume is not known. In addition to the ground water collection trench being effective in minimizing
continued migration of VOCs from the RHRL, natural attenuation processes may also be effective in
minimizing migration of VOCs downgradient of the ground water collection trench. However,
insufficient data has been collected to date to understand these processes. Continued monitoring is
necessary to generate data to address these unknowns.
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