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1.0 INTRODUCTION

Enviroprobe Service, Inc. (Enviroprobe) is an eomimental investigation
services firm which provides monitoring well ingsion (HSA), Geoprobe (DPT)
drilling services and Environmental & Engineeringdphysics (EEG) services to the
environmental consulting and engineering community.

Enviroprobe conducted a subsurface geophysicalstigation at the subject
property within client-specified areas of concerhis investigation utilized an Advanced
Geoscience, Inc (AGI) Supersting R8 resistivitytegs to perform a direct current (DC)
electrical resistivity survey along the beach as #ite, an AGI Supersting R8 Marine
Logging System to perform a DC electrical resisyisurvey off-shore near the beach,
and an Applied Acoustic sub bottom profiling syste perform an off-shore sub bottom
survey. All three of these surveys were conductadtiie purpose of subsurface soil
characterization. A soil boring was also advanioed depth of approximately 100 feet
below the ground surface along the land-basedtragisline to obtain ground truth in
this area to help/confirm geophysical interpretagio

Electrical resistivity (or conductivity) is a funeh@ntal property of subsurface
materials that can depend on porosity, pore fliienaistry, and lithology. DC electrical
resistivity surveys measure this property by dlyettjecting electrical current into the
subsurface and measuring corresponding changedeatrieal potential. The AGI
Supersting R8 is an 8-channel earth resistivityemgtat can collect up to 8 simultaneous
measurements, making it eight times faster thaditioaal 1-channel systems. The R8
Marine Logging System combines the Supersting R8 wi marine electrode cable that
can be towed behind a boat. This Continuous Reystrofiling (CRP) system collects
data every few seconds to create a two-dimensipriile of subsurface sediments.
Eliminating the time-intensive set-up and movemehtlectrodes, CRP systems can
cover much greater areas than land-based regystiystems. Both the land-based and
marine resistivity surveys utilized a differentigliobal positioning system (DGPS) to
determine the positioning of the electrical resistiprofiles.

An Applied Acoustic sub bottom profiling system wian AA201 boomer, a
CSP300 power source, and single channel streandeogptyones were utilized to perform
the sub bottom profiling survey. A differential bl positioning system (DGPS) was
also utilized for the positioning the survey lineSonarWiz5 from Chesapeake
Technology was used for the data acquisition andgssing software.
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2.0 SCOPE OF WORK

The survey was conducted in three phases. Initsepghase, a DC electrical
resistivity profile was collected along the beanhAtlantic City, NJ. This survey ran
approximately from S New Jersey Avenue to S Seasidmue, a total length of 1940 ft.
The location of this land-based profile is shownFigure 1 as well as in the attached
AutoCAD file.

The terrestrial resistivity data was collectedizitilg the roll-along technique.
There were two electrode cables, each containingldetrodes with an electrode spacing
of 20 feet. The program RES2INV of Geotomo Softwaes used to invert the resistivity
data. A soil boring was advanced to a depth of @pprately 100 feet below the ground
surface along the land-based resistivity line sishsvith geophysical interpretations.

In the second phase of the investigation, a sefiesarine resistivity lines were
collected off the coast of Atlantic City in cliesélected areas near the investigated
beach. This marine survey included two 2000-ftdicellected parallel to shore and five
lines, ranging from 1000-1200 ft, collected perpenldr to shore. The locations of these
marine lines are shown in Figure 3 as well as énattached AutoCAD file.

The marine resistivity data was collected using RPCsystem with an 11-
electrode cable. The electrode spacing was 39142fm) and had an approximate depth
of penetration of 100 ft. The data was collectedngisa dipole-dipole electrode
arrangement. AGI's Earthlmager program was usau/est the resistivity data.

In the third phase of the investigation, a seriéssub bottom profiles were
collected along the same approximate paths as Hreenresistivity lines. Two long
lines were collected parallel to shore and fivershones were collected perpendicular to
shore. The lengths of the long lines were approteip2000 feet each while the lengths
of the the short lines varied from approximately) 30 650 feet. The locations of these
sub bottom profiles are shown in Figure 6 as welinathe attached AutoCAD file. The
name of each line is displayed at the beginnintpefine.

The coordinate system of model space in all AutoCA&s is UTM feet (WGS
1984), 18 North.
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3.0 SURVEY RESULTS

Land-based Resistivity Survey

Two criteria can be used to evaluate the data yuélom the land-based
resistivity survey. One is to compare the two cyak each measurement and the other
is to use the reciprocal theory to compare recgrodgata. Using both criteria,
approximately three-quarters of the data have ®tess than 5 percent and about half of
the data have the errors less than 2 percent, gdkenoverall data quality moderately
good.

The terrestrial resistivity profile is shown in Big 2 and in a separate JPEG file.
An interface can be observed in the first two-thiad the resistivity profile at a depth of
approximately 45 feet. This interface is indicaiaedthe figure by a black line. The
electrical resistivity above this interface is lovilean the electrical resistivity below it. A
soil boring was conducted at approximately the 1f@dark of the profile line. Samples
from this soil boring showed a clay layer at a Hegitmilar to the resistivity interface.
Electrical conductivity testing on the samples abowed a significant drop in electrical
conductivity below this depth (from 47.9 mS/cm alepth 40-45 ft to 25.5 mS/cm at a
depth of 50-55 ft). This drop in electrical conduity below the interface corresponds
with the rise in electrical resistivity. It is susyed that the observed clay layer acted as a
barrier between more conductive salt water abogdayer and more resistive fresh water
below the layer, causing the electrical resistiviifference above and below the
interface. This interface is less clear in the thst of the profile. This is mainly due to
ground conductors (pipes and the pier, etc.) commiog the underlying geological
assumptions for the geophysical inversion. The rotkason may be that this part of
profile was closer to the ocean water; this datg iva affected by the salt water more
than the subsurface sediments. The changing watghth(hence the water volume) due
to the waves and tides made the data even lesgtatdd. Due to assumptions used in
the modeling process and noisy data, the intemprietierface shown in Figure 2 should
be considered approximate. In reality, the actotdrface would likely be smoother than
the interpretation shown.

Along the resistivity profile shown in Figure 2 veeal shallow anomalies with
very low resistivity can be observed (at 1350, 1%0@ from 1680 to 1880 ft). Because
of their unusually low resistivities, it is suspatthat these anomalies are caused by
man-made structures such as pipes and the pieathsf by natural subsurface materials.

The unit of the electrical resistivity in the pilefis Ohm-m, in the base-10
logarithmic scale. Note that the electrical resistiinverted from the data is generally
not a representation of the true electrical restgtiThe value of the inverted resistivity
profile lies mainly in the showing electrical rasigy contrasts/variations within the
profile.
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Marine Resistivity Surveys

The results of the inverted marine resistivity datashown in Figures 4 and 5. In
each of these figures, the top of the profile repngs the surface of the ocean. The ocean
water is shown in blue (resistivity ~0.2 ohm-mylahe ocean floor is represented by a
white line.

In addition to the limitations discussed for analgzthe land-based resistivity
data, special care should be taken in interprdtiegmarine resistivity data. Due to the
sharp conductivity contrast between the sea watdrthe ocean floor sediments, the
inversion process may introduce small artifactsthis area. For this reason, small
anomalies near the water/ocean floor interface lshoei discounted.

The resistivity profiles collected perpendicularstwore are shown in Figure 4 and
in separate JPEG files. Each of these profiles sh@we principal layers, a less resistive
layer (shown in blue/green) overlying a more regskayer (shown in red). The interface
between these two layers is typically 25-35 ft lnetbe ocean floor (~50-60 ft below the
ocean surface), although it is shallower at somatpoThis interface is indicated in
Figure 4 by a black line. This structure is simitarthe land-based resistivity profile
obtained along the beach, with a less resistiverlayerlying a more resistive layer at a
depth of approximately 50 ft. The soil boring ectied from the beach showed a clay
layer at this depth as well as a change in poid #anductivity, suggesting that the clay
layer was preventing interaction between less coimge) fresh groundwater below the
clay and more conductive saltwater in the sedinadave the clay. The results of the
marine data suggest that this structure continuéshore, with the depth to the
restraining layer varying from 15 ft to more thahf8below the ocean floor.

The resistivity profiles collected parallel to sacare shown in Figure 5 and in
separate JPEG files. While V1 and V2 were colkbcie opposite directions, the
orientation of V2 has been reversed so that batgslare oriented northeast to southwest.
The data collected from these profiles appearsemadisier than the lines collected
perpendicular to shore. It is possible that neanlayn-made structures (piers, pipes, etc.)
caused more interference in the parallel lines ttenperpendicular lines due to their
orientation. Due to the highly conductive natuféhe seawater, conductive man-made
anomalies can influence the data from a greatetamtie than terrestrial resistivity
surveys. For this reason, the marine resistivitgdi collected parallel to shore had to be
truncated to avoid interference from known objestsl the interpretation of this lines
was limited.

With these limitations in mind, it is still poss#to observe major features in the
profiles shown in Figure 5. As in the perpendicudlaes, the major structure is a less
resistive layer overlying a more resistive lay@his interface is indicated in Figure 5 by
a black line. Note that near the intersection ofavi2l H2 (~ 4450 ft on V2 and ~ 400 ft
on H2) the depth to the interface is approxima#yft below the ocean floor in both
profiles. Near the intersection of V2 and H3 (~ @70on V2 and ~ 150 ft on H3), there
iIs no evidence of the interface in either profilestead a low resistivity anomaly is
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present in both profiles. This low resistivity amaly may be the result of a break in the
interpreted clay layer or it may be the result ohan-made anomaly. Due to this low

resistivity anomaly, nearby high resistivity anomal(4600-4500 ft in V1 and 160-220 ft

in H3) may be the result of inversion artifacts.elto assumptions used in the modeling
process and noisy data, the interpreted interfhcevis in Figures 4 and 5 should be
considered approximate. In reality, the actualrfatee would likely be smoother than the

interpretation shown.

Any interpretations of this data should consideattlwhile the survey was
designed and data interpreted with 2 dimensionatcipals, the actual properties of the
investigated materials might be strongly 3 dimemnaion nature.

The unit of the electrical resistivity in the piefiis Ohm-m. Note that the
electrical resistivity inverted from the data isngeally not a representation of the true
electrical resistivity. The value of the invertedsistivity profile lies mainly in the
showing electrical resistivity contrasts/variatiamghin the profile.

Sub Bottom Profiles

Overall the data quality is moderately good. Thees noise in the data mainly
due to the shallow water (~ 20 feet) environmertt.sNb bottom sediment layers can be
clearly observed from the data. This could be duéhé top layers of sediments being
similar sand layers and are not discernible witls thoomer system. Also, loosely
compacted sand layers could absorb much of thengeisave energy rather than transit
the energy to deeper layers, reducing the penatrdgpth of the survey.

The sub bottom profiles are shown from Figure 63@nd in separate JPEG files.
Note that the depth marks are based on an estimeed velocity of 5000 ft/s. This
value is likely close to the actual wave velocitythe water but not in the sub bottom
sediments. Also, although it appears that theresanmge “sub bottom layers” apparent in
the data, these are actually multiple reflectiowsnf the water bottom. For example, in
profile V1, there is secondary reflection from thater bottom around the 45 feet depth
mark which is roughly the twice of the water depth.
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4.0 LIMITATIONS

Due to field difficulties, the land-based residiviprofile was not perfectly
straight. However, the effect of this on the datd aventually the data interpretation was
minimal and not considered significant for the msgs of this survey.

The largest limitation of the marine survey was thaneuvering of the cable.
Due to the length of the cable (approximately S50@itien fully deployed), it was not
possible to collect data closer to the shore. |8ie survey covered more area than is
shown in Figure 3, the ends of the lines were e due to insufficient data at the
target depth (~100 ft). Also due to weather andewabnditions, it was not possible to
keep the boat on a perfectly straight path. Thay mave altered the electrode spacings at
some points and introduced artifacts into the dBie. high electrical conductivity of the
seawater (~50 mS/cm or 0.2 ohm-m) dissipated mudheofelectrical current into the
water, reducing the signal at depth. The low sigrmaler lead to the removal of several
data points.

Both the land-based and marine surveys were designd the data interpreted
based on 2 dimensional principals, while the actpiadperties of the investigated
materials might be strongly 3 dimensional in nature

Due to field difficulties during the sub bottom gey, it was not possible to keep
the boat on a perfectly straight path. The shaliater environment and overlying sandy
sediments reduced the signal penetration of thebsttom profiler and made it difficult
to see deeper layers.

5.0 WARRANTIES

The field observations and measurements reporteginhare considered sufficient
in detail and scope for this project. Enviroprolen&e, Inc. warrants that the findings
and conclusions contained herein have been protedga accordance with generally
accepted environmental engineering methods. Tisexepossibility that conditions may
exist which could not be identified within the seogf this project and were not apparent
during the site activities performed for this patje

Enviroprobe represents that the services were peefd in a manner consistent
with that level of care and skill ordinarily exesed by environmental consultants under
similar circumstances. No other representation€ltent, express or implied, and no
warranty or guarantee is included or intended iis #greement, or in any report,
document, or otherwise.

Enviroprobe Service, Inc. believes that the infaroraprovided in this report is
reliable. However, Enviroprobe cannot warrant arargntee that the information
provided by others is complete or accurate. Ncemtharranties or guarantees are
implied or expressed.
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This report was prepared pursuant to the contracir@probe has with the Client.
That contractual relationship included an exchasfgaformation about the property that
was unique and between Enviroprobe and its cliadtserves as the basis upon which
this report was prepared. Because of the impogtasfcthe communication between
Enviroprobe and its client, reliance or any usehi$ report by anyone other than the
Client, for whom it was prepared, is prohibited atiterefore not foreseeable
to Enviroprobe.

Reliance or use by any such third party withoutliekpauthorization in the report
does not make said third party a third party bemafy to Enviroprobe contract with the
Client. Any such unauthorized reliance on or usehi$ report, including any of its
information or conclusions, will be at the thirdriyés risk. For the same reasons, no
warranties or representations, expressed or imphddis report, are made to any such
third party.



Enviroprobe Service, Inc. 9

Figure 1 — Location of the land-based resistivitgfibe.
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Figure 2 - The land-based electrical resistivitpfie. The interpreted top of the clay
layer is indicated by a black line. Distances awvefeet. The unit of the electrical
resistivity in the profile is Ohm-m, in base-10 doghmic scale. The profile is oriented
northeast to southwest.
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Figure 3 — Location of marine resistivity lineseiical line (parallel to shore) are shown
in red while horizontal lines (perpendicular to skaare shown in green.
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Figure 4 — Inverted marine resistivity profileslwfes H1-H5 collected perpendicular to
the shore. The top of the profile is the ocearfaserwhile the ocean floor is represented
by a white line. The interpreted interface is iradéxl by a black line. Distances are in
feet. All profiles are oriented northwest to souaiste
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Figure 5 — Inverted resistivity profiles of linesl\& V2 collected parallel to the shore.
The top of the profile is the ocean surface whike dcean floor is represented by a white
line. The interpreted interface is indicated bylack line. Distances are in feet. Both
profiles are oriented northeast to southwest.
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Figure 6 — The locations of the sub bottom profilEse locations of the labels indicate
the beginning of the profiles.



Enviroprobe Service, Inc.

15

L85YT o140 M 059021E S

Lot
S
i
@
=N
0
=1
2
el
=t
2
b
K
=
B
B
B
o
L
2\_
bt

Figure 7 — Sub bottom profile V1 oriented northeéastouthwest.
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Figure 9 — Sub bottom profile H1 oriented southéastorthwest.
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Figure 10 — Sub bottom profile H2 oriented south&asorthwest.
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Figure 11 —Sub bottom profile H3 oriented southé&asiorthwest.
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Figure 12 —Sub bottom profile H4 southeast to rvoett.
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Figure 13 — Sub bottom profile H5 southeast toheeist.



