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December 12, 2021

Mr. Philip M. Donmoyer, P.G., LRS
ECS Mid-Atlantic, LLC.
53-6 Brumbacher Road
York, PA 17406

Subject: Final Report: Geophysical Investigation
Columbia ERI Project
Columbia, Pennsylvania
Four Oaks Geophysics Report Number: 092105

Dear Mr. Donmoyer,

Four Oaks Geophysics is pleased to present ECS Mid-Atlantic, LLC. with the following final
report summarizing the findings of the geophysical investigation associated with the Columbia
ERI Project in Columbia, Pennsylvania. If you have any questions, please do not hesitate to
contact me.

Sincerely,

FOUR OAKS GEOPHYSICS

John L. Mullen, P.G.
Vice President, Four Oaks Geophysics

Enclosure
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1.0 INTRODUCTION

The Columbia ERI Project investigation was conducted on November 29 and 30, 2021.

The purpose of the investigation was to determine the presence of reported buried drums within
the survey area. This report was made by an unknown source to the Columbia borough then to
the client of Four Oaks Geophysics (Four Oaks). All information about the report was provided
to Four Oaks by ECS Mid-Atlantic, LLC. This investigation took place in a farm field to the
south of the intersection of S. Twelfth Street and Franklin Street in Columbia, Pennsylvania.

2.0 DESCRIPTION OF GEOPHYSICAL INVESTIGATION

The survey area was approximately 40 feet by 250 feet in size. This area was determined by
global positioning system (GPS) data provided to Four Oaks by ECS Mid-Atlantic, LLC. The
field had contained soy beans that had been harvested prior to the geophysical investigation. The
dirt in the field had not been plowed since harvesting. An aerial image of the survey area is
shown on Figure 1.

Historically, this site was built up using fill to provide a flat landing area for aircraft. At the time
of the reported burial, this fill had not yet been installed. The fill reportedly totaled
approximately 30 feet.

A discussion of the field methods used to generate the report and figures is provided in Appendix
2.

3.0 DESCRIPTION OF GEOPHYSICAL EQUIPMENT AND APPROACH

3.1 Geophysical Equipment

The Electrical Resistivity Imaging (ERI) survey was conducted using an AGI SuperSting R8/IP
8 channel multi-electrode resistivity system with 56 channel capabilities. AGI Resistivity cables
with a six meter spacing between electrode connectors were deployed. Stainless steel stakes
approximately 16 inches in length were used as the electrode which were hammered into the
ground then coupled with the connectors on the resistivity cables..

3.2 Geophysical Testing and Data Acquisition Approach

First, GPS was used to locate the client provided location of the approximate middle of the
reported target. A 300-foot fiberglass measuring tape was then used to paint three transects, one
through the GPS determined target and two offset 20 feet to the north and south, 250 feet in
length. Four Oaks used orange marking paint to determine the locations of each stake or
electrode along the three ERI transects. Electrodes were spaced 5 feet apart for this investigation.
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For this project, a target depth of 30 feet below land surface (bls) was required by ECS Mid-
Atlantic, LLC. By obtaining this depth, it was suspected that the testing would be able to identify
the suspected target. By conducting the testing along transects of 250 feet, it was suspected that a
depth of 50 to 62 feet bls would be obtained, more than the required depth of investigation. After
each transect was completed, Four Oaks placed pink pin flags at the start and end of each
transect. Transect locations are shown on Figure 1.

A more detailed description of the equipment, methods to data collection and limitations are
discussed in Appendix 2.

4.0 SURVEY RESULTS

Results from the ERI survey are shown on Figure 1. In addition, the individual transect profiles
are presented in Appendix 1.2. The ERI transects are of acceptable quality (a discussion of the
criteria used to determine the quality of an ERI inversion model is provided in Appendix 2.3).

Analysis of the ERI transects indicate the presence of moderate to high resistivity near-surface
soil materials (Layer 1) from approximately 0 to 7 to 16 feet bls, across the majority of the
project site. These materials are represented by the yellow, orange and red colors on the profile.
This layer was underlain by a low resistivity layer (represented in light blue to blue) from depths
of approximately 7 to 16 feet to 24 to 40 feet bls (Layer 2). The material then reverted to a high
resistivity layer which ranges from 24 to 40 feet bls to approximately 64 feet bls, the limit of the
geophysical investigation (Layer 3). Black squares along the length of the top of each profile
show the location of the metal electrodes.

The maximum depth of investigation of the ERI transects was approximately 64 feet bls. Due to
the relatively flat surface of the farm field, terrain corrections were deemed not necessary for the
ERI profiles.

Based on the reported site history, Layer 1 and Layer 2 are suspected to be the fill material that
was brought into the site to level and raise the land for the aircraft landing. Layer 3 is suspected
to be the native soils below these fill materials. A similar “terrain” is observed in Layer 3
throughout each of the transects with a relative flat elevation from the west or beginning of the
transects to a gentle slope to the east or end of the transects.

It was suspected that a number of buried metallic drums, such as reported to be in the vicinity of
the middle of Transect 2, would show as a conductive mass. It was expected that a break in the
geological layering of Layer 3 would have been observed and evidence of a conductive mass
would be evident. In analyzing the ERI data, no conductive mass or disruption in Layer 3 was
observed. Four Oaks focused on Layer 3 for this disruption and conductive mass because after
subtracting the suspected 30 feet of fill material from the existing ground elevation of today,
Layer 3 would most likely have been the ground elevation at the time of the reported occurrence.
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It should also be noted that no large resistive mass was observed in Layer 3 either. The resistive
soils in this layer are continuous throughout Layer 3 in each of the profiles. It is suspected that
no buried metallic material is present within the survey area.

Please see Appendix 2 for investigation limitations.
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Appendix 1

1.1 Figure
1.2 ERI data examples
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1.1 Figure
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1.2 ERI Transect Profiles

(Page left intentionally blank)
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West East

Transect 1. This 2D profile of Transect 1 shows the three layers discussed in the Results section of this
report. Shown along the top of the Transect are distances with 0.0 and 250.0 correlating with the ERI Start
and ERI End shown on Figure 1. The top two images show the data points (small black dots) with a color
scheme before the calculated inversion. The bottom image shows the data after the calculated inversion.
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West East

Transect 2. This 2D profile of Transect 1 shows the three layers discussed in the Results section of this
report. Shown along the top of the Transect are distances with 0.0 and 250.0 correlating with the ERI Start
and ERI End shown on Figure 1. The top two images show the data points (small black dots) with a color
scheme before the calculated inversion. The bottom image shows the data after the calculated inversion.
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West East

Transect 3. This 2D profile of Transect 1 shows the three layers discussed in the Results section of this
report. Shown along the top of the Transect are distances with 0.0 and 250.0 correlating with the ERI Start
and ERI End shown on Figure 1. The top two images show the data points (small black dots) with a color
scheme before the calculated inversion. The bottom image shows the data after the calculated inversion.
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2.1 Limitations of Electrical Resistivity Imaging
2.2 On Site Measurements and Data Recording
2.3 Description of Geophysical Methods
2.4 Field Marking
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2.1 Limitations of Electrical Resistivity Imaging

The results of the Four Oaks Geophysics investigation are limited by the capabilities of the
electrical resistivity equipment at the investigation. Four Oaks Geophysics can make no
warranties or representations of subsurface conditions beyond that of the geophysical equipment
and methods. All results should be used only to make interpretations and to anticipate conflict
locations throughout the survey area. All standard operation procedures typically employed in
the presence of digging, drilling, probing or breaking ground of any kind should be followed.

2.1.1 Limitations of Electrical Resistivity Imaging

Electrical resistivity imaging testing depth of investigation is determined by the length of the
transect. Typically, the depth of investigation is 20 to 25% of the length of the transect.
Therefore, if the transect is 100 feet the investigation would be approximately 20 to 25 feet
below land surface along the length of the transect. Data is also only recorded along the transect.
A 2D profile of the geology below the transect is recorded. Data offset from the transect location
may not be represented in the transect.

Data is presented in 2D profiles. Blank sections are observed at each end of the profile. This is
due to the data collection method described below. While taking measurements, the test records
data between electrodes. This provides data at triangulated locations which leaves areas at each
end of the profile that data could not be triangulated and recorded.

Underground utilities may also interfere with the ERI testing. Metallic pipes or utilities carrying
an electric current can greatly impact the survey. Every effort is made by Four Oaks to avoid or
limit the interference of these types of utilities during data collection.

2.2 On Site Measurements and Data Recording

Measurements and data collected at the Columbia ERI Project were collected using a Trimble
Geo7X with external antenna global positioning system (GPS). This GPS is capable of accuracy
of 12 to 18 inches. The data collected was then used to create the figures associated and
mentioned in this report. Features of known locations(i.e. manhole covers, corners of concrete
pads and valve covers) were also documented in order to increase the accuracy during the figure
generation process.

2.3 Description of Geophysical Methods

2.3.1 Electrical Resistivity Imaging

Electrical resistivity imaging is a geophysical method in which an electrical current is injected
into the earth; the subsequent response (potential) is measured at the ground surface to determine
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the resistance of the underlying earth materials. The resistivity survey is conducted by applying
electrical current into the earth from two implanted electrodes (current electrodes C1 and C2) and
measuring the associated potential between a second set of implanted electrodes (potential
electrodes P1 and P2). Field readings are in volts. Field readings are then converted to resistivity
values using Ohm’s Law and a geometric correction factor for the spacing and configuration of
the electrodes. The calculated resistivity values are known as “apparent” resistivity values. The
values are referred to as “apparent” because the calculations for the values assume that the
volume of earth material being measured is electrically homogeneous. Such field conditions are
rarely present.

Resistivity of earth materials is controlled by several properties including composition, water
content, pore fluid resistivity and effective permeability. For this study the properties that had the
primary control on measured resistivity values are composition and effective permeability. The
general geological setting of this project area is clay overlain by limestone.

For this study a dipole-dipole array configuration was used. The dipole-dipole array is different
than most other resistivity arrays in that the electrode and current electrodes are kept together
using a constant spacing value referred to as an “a spacing”. The current and potential electrode
sets are moved away from each other using multiples of the “a spacing” value. The number of
multiples is referred to as the “n value”. For example, an array with an “a spacing” of 5 feet and
a “n value” of 6 would have the current and potential electrode sets spaced 30 feet apart with a
separation between the two electrodes in the set of 5 feet. By sampling at varying “n values”,
greater depth measurements can be achieved. The dipole-dipole data is presented as a geological
model using least squares analysis. Such least squares analysis was used for this study using the
computer software program (EarthImager 2D) developed for the equipment manufacturer.
Apparent resistivity values are calculated using the following formula for a dipole-dipole
configuration: a=(b3/a2-b)V/I:

Where:
a= apparent resistivity

= 3.14

a= “a spacing”

b= “a spacing” x “n value”

V= voltage between the two potential electrodes

I= current (in amps)

For a Schlumberger configuration the apparent resistivity is calculated using: a=([s
2-a2]/4)V/aI:

Where:

a= apparent resistivity

= 3.14
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a= spacing between the inner set of electrodes”

s= distance between the outer electrode and nearest inner electrode

V= voltage between the two potential electrodes

I= current (in amps)

2.3.2 Inversion Modeling of ERI Data

The objective for inversion modeling of resistivity data is to create a description of the actual
distribution of earth material resistivity based on the subsurface geology that closely matches the
resistivity values that are measured by the instrumentation. This modeling is done through the
use of EarthImagerTM, a proprietary computer program developed by the equipment
manufacturer. When evaluating the validity of the inversion model several factors need to be
considered. The RMS, or root mean square error, expresses the quality of fit between the actual
and modeled resistivity values for the given set of points in the model. The lower the RMS error
the higher the quality of fit between the actual and modeled data sets. In general, inversion
models with an RMS error of less than 5 to 10 percent are acceptable. The size of the RMS error
is dependent upon the number of bad data points within a data set and the magnitude of how bad
the data points are. As part of the modeling process bad data points are typically removed, which
decreases the RMS error and improves (with limitations) the quality of the model. The quality of
fit between the actual and modeled resistivity values is also expressed as the L-2 norm. When the
modeled and actual data sets have converged, the L-2 norm reduces to unity (1.0 or smaller).

However, as the number of data points is reduced, the validity of the inversion model is
diminished. Accordingly, when interpreting a particular area of an inversion model the number
of data points used to create that portion of the model must be taken into consideration. If very
few points are within a particular area of the model, then the modeled solution in that area should
be considered suspect and possibly rejected.

The entire ERI transect should be considered suspect if a model has a high RMS error and a large
number of removed data points. It is likely that sources of interference have affected the field
readings and rendered the modeled solution invalid. Such sources of interference can include
buried metallic underground utilities, reinforced concrete slabs, septic leach fields or electrical
grounding systems. Accordingly, all efforts need to be made in the field to locate, to the degree
possible, the ERI transect lines away from such features. The locations of such features also need
to be mapped in the field so their potential effects can be considered when interpreting the
modeled results.

2.4 Field Marking

Four Oaks used orange marking paint to determine the locations of each stake or electrode along
the three ERI transects. First, GPS was used to locate the client provided location of the



ECS Mid-Atlantic, LLC.
Columbia ERI Project
December 12, 2021
Project Number: 092105

Page 4 of 16

approximate middle of the reported target. A 300-foot fiberglass measuring tape was then used to
paint three transects, one through the GPS determined target and two offset 20 feet to the north
and south, 250 feet in length. This length of transect would provide more than the required depth
of investigation which was 30 feet below land surface. After each transect was completed, Four
Oaks placed pink pin flags at the start and end of each transect.

Transect starts and ends were marked with pink marking flags. Electrode locations were marked
in orange marking paint.
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