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1 Introduction 
On behalf of Emerson and its subsidiary, Emerson Power Transmission Corp. (EPT), WSP Engineering 
of New York, P.C. (WSP), has prepared this Pre-Design Investigation Report for Area of Concern 1 
(AOC 1) at the EPT site in Ithaca, New York.  The report was prepared in connection with the Record of 
Decision Amendment (June 2009) and Administrative Order on Consent (Index #A7-0125-87-09) entered 
into by the New York State Department of Environmental Conservation (NYSDEC) and EPT on 
July 13, 1988.  The report presents the results of the Pre-Design Investigation that was conducted to 
further determine the extent of affected bedrock groundwater in the shallow B-zone in AOC 1, as 
identified in the Pre-Design Investigation and Alternatives Analysis Report, dated December 5, 2008 and 
required by the Record of Decision Amendment, dated June 18, 2009.  

AOC 1 comprises the area around the Former Department 507 Degreaser area.  Methylene chloride and 
vinyl chloride were detected in soil at concentrations above the NYSDEC Restricted Use Soil Cleanup 
Objectives (SCOs) for protection of groundwater in one sample.  Several site-related volatile organic 
compounds (VOCs) were detected in overburden groundwater (A-zone) above the ambient water quality 
standards; however, the degree of impact to the underlying bedrock (B-zone) in this area was a data gap.  
The scope of the pre-design investigation was designed to fill this B-zone data gap.   

Section 1.0 includes a description and history of the EPT facility, followed by a discussion of the site 
geology and hydrogeology.  Section 2.0 details the scope of the Pre-Design Investigations and 
Section 3.0 provides the results of the investigation for AOC 1.  .  

1.1 SITE BACKGROUND 

The EPT facility is located at 620 South Aurora Street in Ithaca, New York (Figure 1).  The site consists of 
three main buildings along the northeast and southwest portions of South Hill.  The facility buildings are 
located at an elevation of approximately 600 feet above mean sea level.  The main building is flanked by 
a number of smaller buildings to the southwest and a series of access roads and parking lots that terrace 
the hillside above the plant to the east.  Further uphill and to the east are South Aurora Street and the 
campus of Ithaca College.  Undeveloped woodland borders the site to the southwest along the steep 
embankments of the hill.  West Spencer Street, which runs parallel to the EPT property, marks the 
western edge of the wooded area and the base of South Hill.  Beyond Spencer Street to the west and in 
areas along the steep northern approach to South Hill and the EPT property are residential areas.  Those 
neighborhoods are bordered by Six Mile Creek, which flows north along the base of South Hill and 
eventually empties into Cayuga Lake approximately 2 miles northwest of the site.  Figure 2 shows the 
facility layout and the surrounding areas.   

1.2 HISTORY 

The original building at the EPT site was built in 1906 by Morse Industrial Corporation, which 
manufactured steel roller chain for the automobile industry.  From approximately 1928 to 1983, 
Borg-Warner Corporation owned the property and manufactured automotive components and power 
transmission equipment using similar processes, but not necessarily the same materials, as those 
currently conducted by EPT.  Up until the late 1970s, Borg-Warner Corporation used trichloroethene 
(TCE), a widely-used solvent at the time for degreasing metal parts.  In 1983, Morse Industrial 
Corporation was purchased from Borg-Warner Corporation by Emerson and became known as EPT.  
EPT manufactures industrial roller chain, bearings, and clutching for the power transmission industry.  
Investigations conducted by Emerson in 1987 identified onsite groundwater contamination, originating 
from a fire-water reservoir located on the western portion of the property.  Emerson promptly reported 
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these findings to the NYSDEC.  The remediation of this contamination was the subject of the July 1987 
Consent Order (Index # A7-0125-87-09) referenced above. 

1.3 SITE GEOLOGY AND HYDROGEOLOGY 

The EPT site is located on the northern edge of the Appalachian Plateau Physiographic Province, which 
is characterized in central New York by deeply dissected hilly uplands and glacially gouged stream 
valleys.  The EPT site lies on the limits of one of the dissected hills and overlooks the Cayuga Lake 
basin, which is formed in a former stream valley eroded and enlarged by the advance of glaciers.  
Underlying the site is a thin, discontinuous veneer of glacial till and man-made fill.  The soil is classified 
as the “A-zone” in the site conceptual model and hydrogeologic framework presented in the Revised 
Supplemental Remedial Program/Alternatives Analysis Report dated September 23, 2008.  It is typically 
a silty or clayey gravel and ranges in depth from 2.5 to 33 feet thick, though most of the EPT site and the 
western slope of South Hill is covered by less than 15 feet of soil.  Soil depths generally increase with 
decreasing elevation and eventually merge with glacio-lacustrine silt and clay that lines the bottom of the 
valley floor below South Cayuga Street.  In the vicinity of AOC 1, the A-zone is approximately 2 to 4 feet 
thick and consists of clayey silt and lean clay just above the top of bedrock. 

Beneath the overburden lies bedrock of the Ithaca Siltstone, a member of the Genesee Formation.  The 
bedrock is typically well-cemented with generally non-fossiliferous beds ranging in thickness from 
0.1 inch to 2.5 feet in thickness.  Based on core logs recovered from boreholes drilling during 
investigation activities, the rock was differentiated into three zones based on the frequency of bedding 
plane fractures and joints:  an upper “stress relief zone” (B-zone), a middle “transitional zone” (C-zone), 
and a lower “lithologically controlled zone” (D-zone).   

The uppermost B-zone is characterized as very highly to highly fractured weathered bedrock.  Near 
AOC-1, the B-zone extends to approximately 30 feet below ground surface (ft-bgs) and has an average 
thickness of approximately 20 feet.   

Groundwater near AOC 1 is present within the overburden and bedrock.  Overburden groundwater is 
perched and is restricted to limited areas of the site where the discontinuous soil cover is thickest.  In 
areas where the soil cover is thin (i.e., west of the retaining wall), the overburden or upper portion of 
fractured bedrock is not saturated.  Based on measurements collected during groundwater sampling, the 
overburden groundwater is in hydraulic communication with the underlying bedrock of the B-zone, and 
the two units act as a single hydraulic zone.   

Groundwater flow direction within the overburden and underlying B-zone generally mimics surface 
topography, which slopes to the west/northwest.   
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2 Pre-Design Investigations  
The pre-design investigation in AOC 1 consisted of conducting a surface geophysical survey and 
installing and sampling four B-zone monitoring wells.  As detailed in the Alternatives Analysis Report, 
dated December 5, 2008, the area of affected groundwater within the A-zone is defined; however, the 
degree to which releases have impacted the underlying bedrock in this area was a data gap.  The scope 
of the pre-design investigation, which is detailed below, was designed to fill this data gap and collect 
information necessary to select a remedial approach to address affected groundwater in this AOC.     

2.1 INITIAL B-ZONE MONITORING WELL INSTALLATION AND SAMPLING (MW-9B AND 10B) 

Initially two shallow B-zone monitoring wells (MW-9B and MW-10B) were installed north and west of the 
former degreaser area to determine if groundwater in the shallow B-zone bedrock near sample location 
SB 1b was impacted by VOCs (Figure 3).  Monitoring MW-9B was installed adjacent to SB-1b 
approximately 45 feet north of the former degreaser area.  Monitoring well MW-10B was installed 
approximately 15 feet west of the former degreaser area.  The monitoring wells were installed on 
April 27, 2010 and construction details are included in Appendix A. 

2.1.1 Monitoring Well Installation and Development 

MW-9B and MW-10B were installed using hollow-stem auger (HSA), air rotary, and rock-coring methods.  
Parratt-Wolff, Inc., of East Syracuse, New York, a driller licensed in the state of New York, conducted the 
drilling under WSP’s oversight.  The borings were drilled through the overburden using 6.25-inch 
inside-diameter (ID) HSAs.  Continuous soil samples were collected from the ground surface to refusal at 
bedrock using 2-foot-long, split-spoon samplers.  The soils recovered from the split-spoons were 
screened for organic vapors in the field using a photoionization detector (PID).  Sample descriptions and 
PID readings were recorded in a field notebook.   

Each borehole was then advanced through the HSA rods into competent bedrock using nominal 6-inch 
air rotary methods.  A 4-inch steel surface casing was set in the borehole at a depth of 12.5 ft-bgs.  The 
annular space was backfilled with a bentonite-cement slurry grout mixture (tremie piped from the bottom 
to the top as the HSAs were removed) and allowed to set for at least 18 hours.     

The boreholes were advanced to the terminal depth (28 ft-bgs) using HX rock-coring methods.  Each 
section of recovered rock core recovered was logged (e.g., lithology, structure, weathering, fracture 
characterization, and recorded in a field notebook).  The total recovery, modified recovery, and Rock 
Quality Designation (RQD) were also calculated for each coring run.     

The monitoring wells were constructed of 2-inch-ID threaded, flush-jointed, Schedule 40 polyvinyl 
chloride (PVC) blank casing attached to screens with 0.010-inch horizontal slots.  Both wells were 
screened from 18 to 28 ft-bgs.   

A clean sand filter pack was placed from the bottom of the well borehole to approximately 2 feet above 
the top of the screen.  The remaining annular space was backfilled with hydrated bentonite chips from the 
top of the sand filter pack to 1-foot bgs.  The wells were completed with a flush-mount protective steel 
well cover, and the PVC casing for each well was fitted with a watertight expandable plug and padlock.  
Boring logs and as-built well construction diagrams are provided in Appendix A.     
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Following installation, the monitoring wells were developed by pumping groundwater using a submersible 
pump to remove sediments, ensure effective communication between the open borehole and fractures in 
the surrounding formation, and prepare the wells for groundwater sampling.  Development continued until 
the discharge was relatively free of suspended sediments or until the wells were purged dry two to three 
times.  Water generated during well development activities was collected in drums and managed in the 
same manner as other investigation-derived waste.  All development activities were conducted with clean 
equipment to prevent potential cross-contamination between well locations. 

2.1.2 Groundwater Sampling 

On May 21, 2010, groundwater samples were collected from MW-9B and MW-10B.  Prior to sampling, 
the wells were purged of three well volumes, or until the boreholes went dry and the purge water was 
processed through the groundwater extraction system immediately.  The pH, specific conductance, 
temperature, turbidity, and dissolved oxygen were monitored during the purging process with a water 
quality meter to ensure that representative groundwater quality samples were collected.  The wells were 
purged with dedicated air-displacement pumps operated by a QED Well Wizard pump controller and 
sampled using dedicated Teflon bailers.  The wells were allowed to recharge for a period of no more than 
2 hours, or until water was present in the borehole, before samples were collected.  The groundwater 
samples were analyzed for VOCs by Environmental Protection Agency (EPA) Method 8260B.   

2.2 SURFACE GEOPHYSICS 

An electrical resistivity imaging (ERI) geophysical survey was conducted west of the former degreaser 
area to (i) identify and map the extent of fracturing and weathering within the B-zone bedrock sequence 
that may serve as preferential flow pathways of groundwater; (ii) identify the zones that have higher 
conductivity and thus higher flow; and (iii) determine if areas have an identifiable resistivity feature that 
can be used to guide the placement of additional monitoring wells.  The survey was conducted by 
Enviroscan, Inc., of Lancaster, Pennsylvania under the direction of WSP in August 2010.   

Resistivity data were collected along a profile to the west of the former degreaser area using an 
Advanced GeoSciences (AGI) SuperSting R8 resistivity meter and 56 electrodes at an electrode spacing 
of 1 meter (3.28 feet).  Figure 4 shows the layout of the ERI transect, which is designated as SB-1.  The 
survey was conducted in a continuous roll-along procedure, moving 14 electrodes (25 percent of the 
array length) after each data acquisition cycle to ensure complete coverage along the entire length of the 
segment.  Low amperage DC electrical current was applied at each electrode using a deep cycle 12-volt 
battery.  The flow of electrical current in the ground was mapped by measuring the electrical potential at 
the ground surface using the AGI Supersting R8.  Resistivity readings were collected using a hybrid 
dipole-dipole and gradient array.   

The measured apparent resistivities were plotted as resistivity pseudo-sections depicting the apparent 
resistivity versus nominal survey depth for each profile in order to confirm data quality.  The apparent 
resistivity pseudo-sections were mathematically inverted using EarthImager 2D by AGI Inc., to produce 
color-coded cross-sectional images or profiles for each transect line displaying the distribution of 
resistivities between the various subsurface materials.  Each resistivity measurement was assigned a 
color from dark blue to red.  Bedrock, a typically highly resistive material, generally yields resistivity 
measurements of 200 to 5,000-ohm meters, which plot as regions of light green, yellow, and red 
(resistive anomalies).  Regions with resistivities below 200 ohm-meters generally plot as shades of green 
and light blue.  Water-bearing zones, which have dramatically reduced resistivities due to the highly 
conductive nature of groundwater, typically yield regions of blue or dark blue within the more resistive 
areas (conductive anomalies).  The focus of the geophysical interpretation was to identify and generally 
locate the highly conductive water-bearing zones within the subsurface west of the former degreaser 
area.   
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2.3 FOLLOW-UP B-ZONE MONITORING WELL INSTALLATION (MW-11B AND MW-12B) 

Based on a review of the ERI data and groundwater samples collected from monitoring wells MW-9B and 
MW-10B, two additional B-zone monitoring wells were installed to further evaluate groundwater quality 
south and west of the former degreaser area.  Monitoring well MW-11B was installed approximately 
15 feet south of monitoring well MW-10B, and MW-12B was installed approximately 25 feet to the west 
just below the western retaining wall.  The monitoring wells were installed on March 17, 2011, and 
construction details are included in Appendix A. 

2.3.1 Monitoring Well Installation and Development 

Wells MW-11B and MW-12B were installed using HSA, air rotary, and rock-coring methods.  
Parratt-Wolff, Inc., of East Syracuse, New York, provided the drilling services.  Each boring was drilled 
through the overburden using 6.25-inch ID HSA.  Continuous soil samples were collected from the 
ground surface to refusal at bedrock using 2-foot-long, split-spoon samplers.  The soils recovered from 
the split-spoons were screened for organic vapors in the field using a PID.  Sample descriptions and PID 
readings were recorded in a field notebook.   

Each borehole was advanced through the HSA rods into competent bedrock using nominal 6-inch air 
rotary methods.  A 4-inch steel surface casing was then installed in the borehole to a depth of 12.5 ft-bgs.  
The annular space was backfilled with a bentonite-cement slurry grout mixture (tremie piped from the 
bottom to the top as the HSAs were removed) and allowed to set for at least 18 hours.     

The boreholes were advanced into bedrock to a terminal depth of approximately 27 feet for MW-11B and 
15 feet for MW12B.  The boreholes were advanced using nominal 4-inch air rotary methods and 
completed as monitoring wells.  The monitoring wells were constructed of 2-inch-ID threaded, 
flush-jointed, Schedule 40 PVC blank casing attached to screens with 0.010-inch horizontal slots.  Both 
monitoring wells were constructed with a 10-foot screen length and screened interval from 24 to 
29 ft-bgs.   

A clean sand filter pack was placed from the bottom of the well borehole to approximately 2 feet above 
the top of the screen.  The remaining annular space was backfilled with hydrated bentonite chips from the 
top of the sand filter pack to 1-foot bgs.  The wells were completed with a flush-mount protective steel 
well cover, and the PVC casing for each well was fitted with a watertight expandable plug and padlock.  
Well construction information was recorded in a field notebook, and boring logs and as-built well 
construction diagrams were prepared for each monitoring well after completion of the field activities 
(Appendix A).     

Monitoring wells MW11B and MW-12B were developed using the same methods described in 
Section 2.1.1.  Water generated during well development activities was collected in drums and managed 
in the same manner as other investigation-derived waste.  All development activities were conducted with 
clean equipment to prevent potential cross-contamination between well locations. 

2.3.2 Groundwater Sampling 

On March 24, 2011, groundwater samples were collected from MW-11B and MW-12B.  The groundwater 
samples were collected using the same procedures described in Section 2.1.2.  The groundwater 
samples were analyzed for VOCs by EPA Method 8260B.   
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3 Pre-Design Investigation Results 

3.1 SURFACE GEOPHYSICS FINDINGS 

The geophysical report is included in Appendix B.  Figure 5 presents the inverted resistivity cross-section 
(profile) for transect SB-01.  Due to the presence of a thick layer of concrete, the first surface electrode 
was placed approximately 45 feet away from the open borehole.  Results from Profile SB-01 indicate a 
very noisy shallow subsurface, due to the presence of several utilities.  The red resistive features in the 
shallow depths below the surface electrodes (from 75 to 190 feet along-profile) are likely attributed to dry 
resistive fractures in shallow bedrock.  Conductive Features D, E, and G are all indicative of 
water-bearing zones with the fractured bedrock.  Conductive Feature F may be the result of a utility bank 
located at approximately 120 feet along the transect.   

Conductive Feature G is located immediately west of the former degreaser area at approximately 15 to 
30 feet bgs and is approximately 50 feet wide.  This conductive feature is consistent with saturated 
bedding plane fractures observed across the area.  Monitoring well MW-10B is screened in this feature.     

3.2 GROUNDWATER SAMPLING RESULTS 

Groundwater sample results for MW-9B, MW-10B, MW-11B, and MW-12B are summarized in Table 1 
and laboratory reports are included in Appendix C.      

No VOCs were detected in the sample collected from MW-9B above the water quality standards.  This 
well is located approximately 45 feet north of the former degreaser area.   

Total VOC concentrations detected in MW10B were 21,333.7 g/l.  This well is located approximately 15 
feet west of the former degreaser area (Figure 6).  TCE and its associated degradation products, cis-1,2-
dichloroethene (DCE) and vinyl chloride, are the predominant VOCs detected.     

The sample from MW-11B contained 9.3 g/l of TCE, which is slightly above the standard, and 2.0 g/l of 
vinyl chloride, which is the groundwater standard.  Monitoring well MW-11B is located immediately to the 
southwest of the former degreaser area.  The sample from monitoring well MW-12B, which is located 
west of the retaining wall, contained 9.9 g/l of vinyl chloride.  All other VOCs were below their respective 
groundwater standards.    

3.3 SUMMARY 

The results of the ERI survey and groundwater samples collected from monitoring wells MW-9B, 
MW-10B, MW-11B, and MW-12B served to characterize the extent of affected groundwater in the shallow 
B-zone bedrock.  The zone of affected groundwater within shallow bedrock is limited to an area 
immediately west of the former degreaser.  As shown in the cross-section on Figure 6, the areal extent of 
VOCs in groundwater occurs between 15 feet and 30 ft. bgs within two discontinuous bedding plane 
fractures.  VOCs were not detected to the north of the former degreaser area and low levels of VOCs 
were detected to the south and west.  The pre-design investigation data provided sufficient information to 
evaluate the scope of the remedial approach for AOC-1.           
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Table 1

B-Zone Groundwater Sample Results
Emerson Power Transmission

Ithaca, New York

Sample ID: 9B 10B 11B 12B
Matrix: Water Water Water Water

Date: 5/21/2010 5/21/2010 3/23/2011 3/24/2011
Description:  Water Sample Water Sample Water Sample  Water Sample

Parameter
Volatile Organic Compounds (µg/l)
Method 8260B
Acetone ND 25.8 ND ND
Benzene ND ND ND ND
Bromodichloromethane ND 3.1 ND ND
Chloroform ND 5.2 ND 2
1,1-Dichloroethane 11.9 53.2 ND ND
 1,1-Dichloroethene ND 19.3 ND ND
cis-1,2-Dichloroethene 3.1 18800 3.9 3.3
trans-1,2-Dichloroethene ND 156 ND ND
Ethylbenzene ND ND 1.3 ND
Isopropylbenzene ND ND 2.7 ND
Methylcyclohexane ND ND 296 ND
Methylene chloride ND ND 1.2 ND
Tetrachloroethene ND 4.9 ND ND
1,1,1-Trichloroethane 2.2 4.2 ND ND
Trichloroethene ND 252 9.3 3.2
Vinyl chloride ND 2010 2 9.9
Xylene (total) ND ND ND ND

WSP Environment & Energy
K:\Emerson\ITHACA\_Ithaca_127491\Task 28_Pre-Design Activities\AOC 1\Tables\Table 1_B Zone GW Sample Results.xlsx

Page 1 of 1
Revised:12/21/2011



    

   
 

Appendix A – Boring Logs 
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Siltstone
Weathered Siltstone bedrock (not sampled). (continued)

Bottom of Boring at 30.4 feet
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Overburden
Overburden (not sampled).

Siltstone
Weathered Siltstone bedrock (not sampled).

Surface Elevation (feet AMSL*):   587.24

TOC Elevation (feet AMSL*):   586.88

Total Depth (feet):   27.5
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Siltstone
Weathered Siltstone bedrock (not sampled). (continued)

Bottom of Boring at 27.5 feet

Surface Elevation (feet AMSL*):   587.24

TOC Elevation (feet AMSL*):   586.88

Total Depth (feet):   27.5
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Overburden (not sampled)

Surface Elevation (feet AMSL*):   587.07

TOC Elevation (feet AMSL*):   586.73

Total Depth (feet):   27
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%
 R

ec
o

ve
ry

S
am

p
le

/I
n

te
rv

al

L
it

h
o

lo
g

y

Ground Surface

Description

Sample Data Subsurface Profile
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Ithaca siltstone
Light gray siltstone; weak field strength; thinly bedded; slightly
decomposed.

Bottom of Boring at 27 feet
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Ithaca siltstone
Light gray siltstone; weak field strength; thinly bedded; slightly
decomposed.

Bottom of Boring at 15.4 feet

Surface Elevation (feet AMSL*):   555.66

TOC Elevation (feet AMSL*):   555.2
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September 16, 2010 

 
Mr. Scott Haitz 
WSP Environmental Strategies 
11190 Sunrise Valley Drive 
Suite 300 
Reston, VA 20191      
 

RE: Geophysical Survey – Emerson Power Transmission Facility 
Electrical Resistivity/Cross-Hole Tomography 
Ithaca, PA 
Enviroscan Project Number 061037a 

 
Dear Mr. Haitz: 
 

Pursuant to our proposal dated June 23, 2010, Enviroscan, Inc. (Enviroscan) has 
completed a geophysical investigation at the above-referenced site. The purpose of the survey 
was to identify the location(s) of possible preferential groundwater flow pathways in bedrock.  
Fieldwork for the survey was completed on August 23-25, 2010. 

 

Site Description 
 
The site is the Emerson Transmission Facility located on a hillside south of downtown 

Ithaca at the end of South Cayuga Street in Ithaca, NY. The site encompassed relatively steep 
slopes that fall to the river below the facility. 

 
According to the Geologic Map of New York (http://tin.er.usgs.gov/geology/state/), the 

site is underlain by the Genesee Group, which is Upper Devonian in age. This group consists of 
the West River Shale, Genundewa Limestone, Penn Yan and Geneseo Shales, and the North 
Evans Limestone.  The dominant lithology is shale with a secondary rock type of limestone and 
tertiary rock types of siltstone and black shale (Ibid.).  

 
For this study, the client designated the location of two electrical imaging profiles. One 

cross-hole tomography profile (CH-01) between wells EXB-01 and EXB-02; and one surface-to-
borehole profile (SB-01) utilizing well EXB-02. Refer to Figure 1 for the locations of these 
profiles and identified utilities that crossed SB-01.   
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Survey Methods 
 
Surface resistivity measurements involve driving an electrical current in the ground using 

two current electrodes at the ground surface.  The apparent resistivity of the subsurface 
(essentially the mathematical inverse of terrain conductivity) is determined by measuring the 
potential difference or voltage between two potential electrodes with a known separation and 
position/orientation relative to the current electrodes.  The depth and volume of the subsurface 
zone represented by the measured apparent resistivity is a function of the geometry of the current 
and potential electrodes located at the surface.  The principles of electrical imaging are described 
in the accompanying Introduction to Electrical Imaging (Appendix A).  Where suitable 
boreholes are available, electrodes can also be set at intervals in the holes and used alone (cross-
hole measurements), or in conjunction with the surface electrodes (up-hole measurements). 
 

Using an AGI Super Sting R8/IP resistivity meter, and Swift automated electrode 
switching system, apparent resistivity readings were collected along the two profiles (see Figure 
1).  Along each profile, electrodes were spaced at the ground surface at 1-meter intervals.  To 
collect electrical imaging data, a dipole-dipole array (which is particularly sensitive to steeply-
dipping tabular features) was used (Figure 2).  The measured apparent resistivities (ρa’s) were 
plotted nightly (after each field day) as resistivity pseudo-sections depicting the apparent 
resistivity versus nominal survey depth for each profile in order to confirm data quality. 

 
In post-field processing, the apparent resistivity pseudo-sections were mathematically 

inverted using EarthImager 2D by Advanced Geosciences, Inc., to provide color-contoured 
electrical images of true resistivity versus true depth along each profile as depicted in Figure 2.  
On these images, low resistivity (high conductivity) material is depicted in shades of blue, with 
high resistivity (low conductivity) material in shades of red to orange and moderately 
resistive/conductive materials in shades of green.  Note that clay-rich and/or wet materials are 
typically represented by local resistivity lows (conductivity highs – shades of blue), while 
competent rock, and dry sands, gravels or other porous materials are typically represented by 
areas of resistivity highs (low conductivity – red to orange). 
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Survey Results 
 

In Figure 2, the two inverted resistivity cross sections are presented for Profiles CH-01 
and SB-01.  These represent a cross-hole tomography profile and an up-hole profile respectively.  

 
Profile CH-01 was a cross-hole resistivity tomography profile collected between wells 

EXB-01 and -02. These two wells were situated 58 feet apart and were installed approximately 
82 feet deep. Both wells were constructed with approximately 20 feet of steel casing set into 
bedrock with the rest of the well being open hole. In order to ensure that the steel casing did not 
produce erroneous results, the top-most electrodes in both wells were lowered to a depth of 30 
feet below ground surface (bgs), well below the casing, and based on the rule of thumb, that 
electrodes should be at least two electrode spacings below an interference source.  Note that no 
data were collected between the ground surface and 30 feet bgs (hachured area in Figure 2).  At 
the client’s request, the modeling interpolation in that zone was not blanked. Enviroscan will not 
support any interpretations or assumptions made from the inspection of this interpolation into an 
area with no data coverage.  

 
Results for Profile CH-01 indicate three distinct conductive (low resistivity) anomalies 

(A, B, C, in Figure 2). Anomaly A is located at approximately 40 feet bgs and is approximately 
30 feet wide. Anomaly B ranges from approximately 55 – 75 feet bgs and is approximately 48 
feet wide. Anomaly C is a small conductive anomaly at approximately 55 feet bgs and is about 
10 feet wide. All three of these anomalies are indicative of water-bearing fractures in bedrock.  

 
Profile SB-01 was a surface-to-borehole resistivity profile that was collected instead of a 

standard surface resistivity profile due to the presence of numerous metallic utilities that both 
paralleled and bisected the resistivity profile. Due to the presence of a double layer of concrete in 
the vicinity of EXB-02, the first surface electrode was placed approximately 45 feet away from 
the borehole – hence the reason for the hachured zone from 0 – 45 feet from the borehole along 
the profile. Again, this hachured zone has not been blanked at the request of the client and 
Enviroscan will not support any interpretations or assumptions made from the inspection of this 
interpolation (Figure 2). Note the large hachured area at the bottom right corner of Profile SB-
01. This was also hachured due to the likelihood that little data were collected in this zone due to 
the length of the profile versus the depth and the presence of metallic utilities, which create large 
amounts of noise in the data. Therefore, little resistivity variation is seen in this portion of the 
profile because there is very little data to model. In the hachured zone, the model is an 
interpolation from good quality data at the shallower depths above this zone. Enviroscan will not 
support any interpretations or assumptions made from the inspection of this interpolation. 

 
 
 



ENVIROSCAN, INC. 
 
 

Mr. Haitz  
September 16, 2010 
Page 4 
 
 

 

                       
   
             1051 Columbia Avenue ● Lancaster, PA  17603 ● 717.396.8922 ● Fax 717.396.8746 ● email@enviroscan.com ● www.enviroscan.com         

 

Results from Profile SB-01 indicate a very noisy shallow subsurface, due presumably to 
the presence of numerous utilities. The red resistive features in the shallow depths below the 
surface electrodes (from 75 to 190 feet along-profile) could be the result of either resistive rock 
or dry resistive fractures. Anomalies D, E, F, and G are all conductive anomalies that are 
indicative of water-bearing fractures. The bottoms of these anomalous zones were not fully 
defined due the limited depth of penetration of the survey. This could not be avoided due to the 
weaker signal-to-noise ratio caused by the utilities. 

 

Limitations 
 
The geophysical survey described above was completed using standard and/or routinely 

accepted practices of the geophysical industry and equipment representing the best available 
technology.  Enviroscan does not accept responsibility for survey limitations due to inherent 
technological limitations or unforeseen site-specific conditions.  However, we make every effort 
to identify and notify the client of such limitations or conditions.   
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We have enjoyed and appreciated the opportunity to work with you. If you have any 
questions, please do not hesitate to contact the undersigned.  

 
Sincerely, 
Enviroscan, Inc. 

 
Craig Ulrich, M.Sc., 
Geophysics Project Manager 

 
Technical Review By: 
Enviroscan, Inc. 

 
Felicia Kegel Bechtel, M.Sc., P.G. 
President 

 

 
enc.: Figure 1: Resistivity Profile Location Map 
 Figure 2: ERT Resistivity Survey Results 
 Appendix A: Introduction to Electrical Imaging 
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Introduction to Electrical Imaging 

by 

Timothy D. Bechtel, Ph.D., P.G. 

Energy  
 

Electrical currents injected into the subsurface between electrodes pushed into the 
ground surface or non-intrusive, protected capacitors. 

Sensitivity 
 

Detects changes in electrical resistivity (the inverse of conductivity). 

Basic Equipment 
 

Either (traditional “steel spike electrode” method): 
 

Steel spike electrodes (called current electrodes) connected by wires to a current 
source (to inject current), and steel spike electrodes (called voltage electrodes) 
connected to a microvolt meter (to measure the surficial distribution of electrical 
potentials).  Note that current and voltage electrodes differ only by that to which 
they are connected (i.e. current source or microvolt meter, respectively.)  Modern 
systems use arrays of electrodes (connected to multi-channel cables and an 
automated electrode-switching/recording system) to take measurements from 
electrodes at different locations and spacings (which adjusts the survey depth and 
resolution).  Electrodes are hand-pushed into the ground surface along desired 
survey profiles.   

 
Or (innovative “capacitively-coupled electrode” method): 

 
Straight-wire capacitors which are capable of driving subsurface electrical currents 
and measuring surface potentials.  The wire lengths and the distance between wires 
can be varied to adjust the survey depth and resolution.  Capacitors are encased in 
torpedo-like protectors between the wire lengths, and the entire array (similar to a 
swimming rope with flotation buoys) is hand- or vehicle-towed along desired 
survey profiles. 
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Common Applications 
 

Electrical imaging produces color-contour cross sections (commonly called 
electrical images) of subsurface electrical resistivity variations.  These images can 
depict a target that has a different electrical resistivity from its surroundings, such 
as:  buried wastes (pits, trenches, etc.); conductive groundwater plumes; resistive 
hydrocarbon plumes; foundation elements; water-bearing or mineralized faults or 
fractures; clay seams in bedrock; soil moisture anomalies; soil voids; clay layers 
bounded by sand or sand lenses bounded by clay; the top of competent (non-water-
bearing) rock. 

 Principles 
 

Electrical imaging can be performed by driving a harmless, very low amperage (e.g. 
1 milliamp) DC electrical current in the ground between two steel spike electrodes.  
The depth to which the current flows is dictated by the separation of the two 
electrodes, and by the resistivity of subsurface materials.  The flow of electrical 
current is mapped by measuring the electrical potential at various points of the 
ground surface using a very high impedance microvolt meter.  Data suitable for 
determining a cross-sectional electrical image can be collected by taking many 
voltage readings with differing current electrode separations (i.e. different effective 
measurement depths) using different current electrode positions and voltage 
electrode positions (i.e. different locations along a profile).  A two-dimensional 
image or cross-section is produced by employing electrodes in a linear array.  
Three-dimensional images (or color-contoured blocks of data) can be calculated 
using multiple linear arrays or grids of electrodes.  The field-measured voltages, 
together with associated electrode positions, are mathematically inverted to provide 
the statistically best-fitting model of the subsurface resistivity distribution. 

 
Electrical imaging can also be performed using straight-wire capacitors to drive 
currents and measure voltages.  In this case, the length of the transmitter wire and 
the separation between the transmitter and receiver wires dictate the effective 
survey depth.  Two- or three-dimensional data is collected by varying the lengths 
and separations of the transmitter and receiver capacitor wires for a given survey 
profile (i.e. the same profile is traversed several times using different wire lengths 
and separations). 
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Capabilities 
 

Electrical imaging can detect and delineate a target that has a different electrical 
resistivity from its surroundings.  Particularly good targets for electrical imaging 
include: electrically conductive clay seams, and water-bearing or mineralized faults 
or fractures in resistive bedrock; electrically resistive hydrocarbon plumes in moist 
electrically conductive soils; highly conductive electrolytic groundwater plumes 
(e.g. leachate or saltwater intrusion); highly conductive or resistive wastes buried in 
“normal” soils; soil moisture anomalies (e.g. dam seepage or incipient sinkholes).  

 
Where site conditions allow, capacitively-coupled electrode systems can collect 
greater quantities of data in a given time (or at a given cost) than the traditional steel 
spike systems.  The capacitive systems can also be used on asphalt pavement 
(where steel spike systems would require drilling many electrode holes). 

Limitations 
 

Electrical resistivities of differing materials have wide and overlapping ranges, 
making it impossible to positively identify a subsurface material based on its 
resistivity alone.  For instance, profiling of the top-of-rock can be done by electrical 
imaging, but it is often difficult to specify exactly what resistivity contour 
corresponds with the top of rock (particularly where there is a weathering or 
saprolite zone).  Since electrical resistivity (unlike seismic velocity) does not 
correlate with rippability or density, it is not typically the method of choice for rock 
profiling. 

 
Based largely on a single well-publicized incident, electrical imaging has been 
promoted (by others) as a method for detecting bedrock cavities.  However, since an 
air-filled cavity and competent rock are both electrical resistors, many cavities are 
not detectable using electrical methods (in this case, gravity would be the method of 
choice since air and competent rock have very different densities). 

 
Electrical imaging data is susceptible to interference from underground utilities that 
capture and channel the subsurface current flow.  This can be minimized in two-
dimensional surveys by orienting the trace of an image perpendicular to any 
existing utilities. 

 
Capacitively-coupled electrode systems suffer loss of signal penetration depth in 
highly conductive terranes.  In addition, they are difficult to use in rugged or brushy 
terrain. 

 
Survey depths using steel spike electrode systems can be limited by high contact 
resistances between the spikes and highly resistive surficial material. 
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Manual Integration Letter Code System

NI: indicates that the peak was not integrated at all by the computer software.  

LT: indicates that the peak in question was inappropriately integrated to an area less that what 
it should be (i.e. Peak area was cut). 

GT: indicates that the peak in question was inappropriately integrated to an area greater that 
what it should be (i.e. Peak tailing). 

BA: indicates that the baseline had to be adjusted correctly by the analyst. 

WP: indicated that the wrong peak was chosen (i.e. the surrogate peak was mis-identified by 
the computer system).  

CO: indicates that the analyst had to split two co-eluding peaks apart that were (or could not 
be) separated by the computer. 

RT: indicated that the retention time for the peak in question has shifted from the expected 
retention time. 

INT: indicated that there was an electronic interference (i.e. Noise). 

Letter codes from Manual Integration SOP: S-All-Q-016-3 
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3531 Fox Chase Drive, Imperial, PA  15126  Phone (724) 695-8042 

ECT.CON INC.

Environmental and Computer  
Technology Consultants 

Data Validation Report 
 

SDG# 3028190 
Validation Report Date June 29, 2011 
Validation Guidance USEPA CLP National Functional Guidelines for Organic Data 

Review  
Client Name WSP Environment & Energy 
Project Name EPT Ithaca 
Laboratory PACE Analytical Services, Inc. 
Method(s) Utilized SW 846 8260 
Analytical Fraction Volatile Organic Compounds (VOCs) 

 
Samples/Matrix: 
 

Date Sampled Sample ID Laboratory ID VOCs Matrix 
05/21/10 MW-10B 3028190001 X Aqueous 
05/21/10 MW-09B 3028190002 X Aqueous 
05/21/10 MW-13C 3028190003 X Aqueous 
05/21/10 MW-12C 3028190004 X Aqueous 
05/21/10 TB052110 3028190005 X Aqueous 

 
Analytical data in this report were screened to determine analytical limitations of the data 
based on specific quality control criteria.  This screening assumes analytical results are 
correct as reported and merely provides an interpretation of the reported quality control 
results.  Laboratory calculations have been verified as part of this validation.  Specific 
findings on analytical limitations are presented in this report.  Annotated Form 1s or 
spreadsheets for samples reviewed are included after the Data Assessment Findings.  Form 1s 
for the MS/MSD samples and spreadsheets are not annotated. 
 
SUMMARY 
 
The sample set for the EPT Ithaca site consists of 4 aqueous field samples and one trip blank. 
The samples were analyzed for the parameters as listed above.   
 
The organic findings presented in this review of the analytical data assume that the 
information presented by the analytical laboratory is correct.   
 



 
ECT.CON INC.

The VOC findings are based upon the assessment of the following: 
   

*  Data Completeness 
*  Holding Times 
  Calibration (Initial and Continuing) 
*  Blanks 
  System Monitoring Compounds (Surrogate Spikes) 
*  Matrix Spike/Matrix Spike Duplicates 
  Laboratory Control Sample 
*  Internal Standards 
*  Target Compound Identification 
*  Compound Quantification and Reported Contract Quantitation Limits  
*  System Performance 

  * Criteria were met for this evaluation item. 
 
This evaluation was conducted in accordance with USEPA CLP National Functional 
Guidelines for Organic Data Review and the analytical method.  Findings from this 
evaluation should be considered when using the analytical data.  This report presents a 
summary of the data qualifications based on the review of the aforementioned evaluation 
criteria.  This is followed by annotated Form 1s/ spreadsheets.  Finally, the worksheets used 
to perform the evaluation are provided. 
 
FINDINGS 
 
VOLATILE ORGANIC COMPOUNDS 
 

1. Laboratory Control Sample 
 
For 172855 (5/24/10) laboratory control sample, the percent recovery of 1,1-dichloroethane 
(132%), acetone (160%), bromomethane (155%), cis-1,2-dichloroethane (131%), 
cyclohexane (136%), methyl acetate (244%), MTBE (133%), methylene chloride (142%) and 
trans-1,2-dichloroethene (131%) was greater than the high control limit.  For the following 
samples, qualify positive results of these constituents as estimated biased high “J”. 
 
MW-10B (1x)   TB0523110 
 
For 174938 (5/26/10) laboratory control sample, the percent recovery of methyl acetate 
(164%) and bromomethane (152%) was greater than the high control limit.  For the following 
samples, qualify positive results of these constituents as estimated biased high “J”. 
 
MW-09B   MW-13C   MW-12C 
 

2. Calibration 
 
For continuing calibration 5/24/10, the percent difference for bromoform (-32%) and methyl 
acetate (33%) exceeded the control limit of 30%/40%.  For the following samples, qualify 
positive results of these constituents as estimated “J” and nondetected results as estimated 
“UJ”. 
 
 MW-10B (1x)  TB0523110 
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(132%), acetone (160%), bromomethane (155%), cis-1,2-dichloroethane (131%), 
cyclohexane (136%), methyl acetate (244%), MTBE (133%), methylene chloride (142%) and 
trans-1,2-dichloroethene (131%) was greater than the high control limit.  For the following 
samples, qualify positive results of these constituents as estimated biased high “J”. 
 
MW-10B (1x)   TB0523110 
 
For 174938 (5/26/10) laboratory control sample, the percent recovery of methyl acetate 
(164%) and bromomethane (152%) was greater than the high control limit.  For the following 
samples, qualify positive results of these constituents as estimated biased high “J”. 
 
MW-09B   MW-13C   MW-12C 
 

2. Calibration 
 
For continuing calibration 5/24/10, the percent difference for bromoform (-32%) and methyl 
acetate (33%) exceeded the control limit of 30%/40%.  For the following samples, qualify 
positive results of these constituents as estimated “J” and nondetected results as estimated 
“UJ”. 
 
 MW-10B (1x)  TB0523110 




