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3. Geophysical Survey Results June 2011

Figure 3-8. ERI Result
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4. CONCLUSIONS

The locations where confirmed subsurface anomalies are indicated by the Magnetic
Gradiometry, GPR and ERI surveys are shown on Figures 4-1 through 4-3. Figure 4-4 shows
the results superimposed. A final interpretation of the data and subsurface anomaly zones are
shown on Figure 4-5. The conclusions are summarized as follows:

» The Magnetic Gradiometry survey results indicate five subsurface anomalies.
¢ The GPR survey results indicate four subsurface anomalies.

e The ERI survey results indicate three subsurface anomalies.

»  When the results of the three geophysical surveys are combined, they indicate four
anomaly zones, identified as Zones A, B, C and D on Figure 4-5 where foreign
objects may be present.

¢ The subsurface anomalies zones may be attributed to loosely packed soils
(disturbance indicative of excavation and backfill), high water content (may be
indicative of recent leaks or spills), or buried foreign objects such as steel drums.

¢ Zone A has the highest probability to contain buried foreign objects, with higher
probabilities indicated by darker shades of red.
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4. Conclusions June 2011

Figure 4-1. Magnetic Gradiometry Confirmed Subsurface Anomalies
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Figure 4-2. GPR Confirmed Subsurface Anomalies
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Figure 4-3. ERI Confirmed Subsurface Anomaties
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4. Conclusions

Figure 4-4. Combined Magnetic Gradiometry, GPR and ERI Results
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Figure 4-5. Final Interpretation of Subsurface Anomaly Zones
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APPENDIX A
GEOPHYSICAL SURVEY INSTRUMENT SPECIFICATIONS

Bartington Instrument Ltd model Grad601 gradiometer
MALA GeoScience model ProEx"™ Professional Explorer GPR
ABEM Instrument AB model Terrameter LS
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Gradé601

Magnetic Gradiometer System

verhcal separatnon The system provides an enhanced dep‘. & £

a gradiometer with 0.5 metre separation, along with exceptional stability. {:
of the gradiometer is by simple push-button control, eliminating the uncer:
usually associatled with mechanically adjusted inslruments.

+  The Gradé01-1 single sensor version is ideal for the location of pipes, cables,
drums and archaeological features.

. The Grad601-2 two sensor version allows geophysical surveys 1o he com
in about half the time,

The exceptional temperature stability of the sensers ensures minimal drift during
surveys and reduces the need for adjustment. Att adjustments are accomplished usi
a single push-bution and audible cueing. Overall system delay is minimal, ensuring
negligible data skew. Powerline rejection can be keypad selected for 50Hz or 40Hz,
giving >1000:7 reduction.

The instrurnent operales in either survey or scanning mode. In survey mode, data

is logged using continuous or single-shot measurements, while covering the site in
parallel or zigzag paths. In scanning mode, the instrument operates as a search tool
with an adjustable audio alarm, without logging data. Either mode can be used to
tocate archaeologicai features, pipes, cables, waste drums and unexploded ordnance.
Survey data are saved in grids of 10, 20, 30 or 40 metre squares.

r rilatiie PRAKE Hach 3 Himipnt far exzraple, in ing A0 grids of
30 x 30 metres with a one metre line separation and a resolution of four readings
per metre. Software is provided for downloading data from the data logger to a PC
via a R5232 serial or USDH interface, and it can save data in any of Lhree foimals
for subsequent data processing. Downloading a full memory lzkes ess than seven
minutes.

The intelligent date logger measures the gradient using a high sample rate with
automatic averaging to smooth the data for each reading. Sample rate can be adjusted
to suit the operator’s pace.

GPS
Aversion of the logger with an NMEA data output, suilable for use with GPS devices,

can be supplied. Contact us for details.




Features

n
J Selectable 0.010T or 0.1nT resolution

iromc adiusty

¢ 128k readings

e Low powsar - 24 hour operation

e Survey and Scan modes

® 1 1o 4 lnes/m
« 1le8readings/m along each tine {4 max on 40m grids]
¢« lastdownlcad - 6.5 minutes max




Gradé01 [1m vertical
sensor spacing}

Same sile surveyed using
a gradiomeler wilth 0.5 m
verticat senser spacing

Accessories

Each gradiometer system is supplied in a universal rugged carrying case, with cut-culs
for either a single or dual system, together with the following accessories:

. Carrying harness with spare rings {Grad601-2 only)

. Mains adaptor: 110V-240V/47-63Hz, charging current 1.25A maximum

e In-car charger: requlated 12V-24V DC-DC, 2A current rating, short circuit
protected, automatic thermal and overload cut-off

. ¢-pin serial cable and USB adaplor

* Downloading scftware on C

. Cradé01 Operation Manuat on CD

The Gradé01-2Z carrying harness provided for the duat gradiometer system relieves the
operator s arms of the wewght of the gradmmeicr while enhancsng the operator s ablltty

t0 G0 e dnstr

gradiomeier.

The harness can ' d G be
positioned at the roqmred carrying hmght Tho dual gradiomctcr bar sils in guick release
swivel mounts on the abdominal spacer bar te assist in keeping the sensor vertical. The
spacer is attached te the harness by shock absorbing rubber rings.

Software

als shown

for archaeologmal geuphysms ArcheoSurveyor can read data dlrectly from the Gradb[l?
Gradiometer fand other commonly used survey mstruments] via the serlal/USB

0N % : e B !
destripe, destagger etc) to enhance the c(arlty of any magnet;c anomaises

ArcheoSurveyorLite is a “lite’ version of this graphical mapping software, providing the
user with the majority of functions needed to process instrument data. There is a simple
upgrade path to the fuil version when further features become necessary.

ArcheoSurveyor and ArcheoSurveyorlile can be purchased from Bartington Instruments
or DW Consulting.

Gradé01 Download Utility

T'his utility is supplied free of chargc and allows survey data to be downloaded toa
Windows® P Severat lite format s, 7 data” and spresdsh 1oue’
available, and are compatible with moest common mapping software packages le.g. Surfer,
Geoplot).

These plots illustrate how the Tm vertical spacing of the sensors on the Gradé01 provides
an increased depth of response compared to & 0.5m spacing gradiometer.




Specifications

12209 to 470 -

Operating temperature

Gradé01-1 Single Gradiometer .

Conversion: Additional parts required

Gradé01-1 single to Gradb01-2 dual system | \Grads01-2 support beam, Grad-81-1000L. Sensor.

Grad-01-1000L sensor

sensor with a Irn separsiion between the se:

The Grad- L o ) i it L
an effectlve sensitivity of 0.03nT/m. The exceplsona! temperature stability of this sensor ensures minimal drift durmg

surveys and reduces the need for adjustment to a minimum. Each sensor centains electronics and non-volatile memory for
calibration data storage and can be operated independently, over long cabtes, if required.

Maximum ambient field

Dimensichs

Lennector

Minimum sensor spacing in multi-sensor. array




DL601T pata Logger

The data logger has a simple six-key control panel for menu-selected operation and
liquid crystal display [LCD). External push-butlons are provided for optional use during
survey operations.

Gradient ranges | £100nT and 51000nT -

jA.t_t_en;_Ja'tion S -1 -20dB.50Hz/60Hz rejection

Controls... T ON/OFF switc keypad and external switch

Display update rate - Operation dependent

Data fogging mermory 125k data points non-volatile,

‘Audio Gutput ; | Variable rate bleeper

‘Power supply requirements | 9-18V DC, 45mA [may).

* Effective resotution with Grad-01-1000L Sensor is 0.03nT/m.
** NMEA output for GPS togging, contact Bartington Instruments for details.




BC601 Battery Cassette

This Lithium lon type of battery is housed in a sealed casselle which alsc contains

the autematically terminating charging circuitry. The batlery is charged by the mains
adaptor supplied, or any isolated 9-18Y DC supply {at 1.2A minimum] in é to 8 hours.
One charge witl operate the system for up to 24 hours with two gradiometer sensors, or
36 hours with one gradiometer. A push-button charge indicator is provided.

Gradé601 Carrying Bar

shedd for sach configuration. Th

The aporepnste carrying

attached at the ends of the carrying bar by guick release clamps.

The data legger and batlery cassetie are normally left attached to the carrying bar. Al

Lables are reuted thiouygh the cantying bar,

Green and red push-buttons are provided on the carrying bar as alternatives to the
keypad ENTER and ESC keys, for synchronising the data collection, interruption during
survieys and for selting up. The guxiliary push-bullon sub-assembly, which is easily
replaced, is conveniently located near the operator's hand, and reduces excessive wear
of the most frequently used keys.
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For o ] G @ paper entitiayg -sla

magnelic gradioreler for shallow geophysical survey applicalions’ by G. Barlinglon
and C.E. Chapman. Published online 4 November 2003 and available at the Wiley
Ontine Library: www.onlinelibrary.wiley.com
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1. Field rugged Control Unit — P65

Ethernet communications

100Mbitfs 2. 12V Li-lon battery

Battery or external 12V 3. Auxiliary connectors / ports
power supply

Antenna modules 4, Antenna moduies

5. Connectars for Expansion Unit

Expansion unit

MALA Professional Explorer (ProEx™)

The most versatile GPR unit on the market

The MALA Professional Explorer (ProEx™) System is a The MALA ProEx Control Unit is fully compatible with broad
modular, full-range Ground Penetrating Radar (GPR) system range of antennas from MALA Geosdence and offers a
designed to meet the needs of the advanced professional - flexible and versatile anproach to detecting subsurface
user. At the heart of this system is the MALA ProEx Control targets and geological layers accurately, efficienty and in
Unit. Designed on a completely new technical platform, real-time.
the MALA ProEx is the most versatile control unit in the
MALA Geoscience range and replaces the World famous MALA Geoscience’s modular design approach offers you a
RAMAC/GPR CUIl as the new high-end full range system, flexible and affordable choice to system configuration.

You need only te invest in what you need today; however, as
GPR affers a practical, reliable and most importantly i your needs change, so can your MALA GPR system.

non-destructive solution for subsurface geophysicat and
gectechnical investigations,
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MALA

ProEx

Main Applications

Whatever your application is, the MALA ProEx can assist in
providing solutions to your subsurface investigation needs
in areas such as:
-« Archeclogy & Forensics
+ Borehole
+ Concrete NDT & Civil Engineering
Environmentat
+ Geological/Mining
+ fce & Snow Measurements
Research
+ Road &Transportation
Litility Detection & Mapping
Anirk morel

Specific Features

MALA Geoscience is renowned for its innovative designs
and the tradition continues with this third-generation digital
control unit. The MALA ProEx boasts a list of practical features
rolled into one rugged design suitable for advanced and
professional users.

Modular Design

Dual hardware channel {4 data channels)
Multi-channel: max. § antennas {16 data channels) as

-

opticnal
Supports all antennas from MALA Geoscience

%

Supports array configurations

Ethernet communication

Puise Repetition Frequency (PRF): 100 KHz {upgradeabis)
106 KHz PRF per hardware channel

.

.

System Configuration

The MALA ProEx is a modular digital radar control unit
with multi-channel functionality, The unit is designed for
two hardware channeis {4 data channels) and by adding
antenna modules this allows connection of two separate
antennas for simultaneous data collection whilst also
providing a third “virtual antenna”. As an option, the
available MALA ProEx Expansion Unit can be added to
expanded the system to eight hardware channels (16 data
rhannels} and nperate 1ip to right individnal antennas

A choice of three antenna modules (optical, high
frequency and coax) allows the user to connect any MALA
antenna in various configurations, for single, dual or
multi-antenna operation. Thus enabling a wide range of
advanced measurements to be carried out.

Technical Specification

Power supply: Li-lon 12V battery

Operating time: 5 I nominal, depending on configuration
Operating temp: -20° to +50°C/ 0° to 120 °F
Cnvironmental: PG4

Dimensions: 32.5x22.2x4.2 cm

Weight: 1.9kg

Antennas: The MALA ProEx is fully compatible with the entire
range of MALA Geoscience antennas, the MALA XV Monitor
data acruisition platform and the MALA GronndVision 2!
acquisition software,

! Requires a notebook PC

See our webpage for latest information

MALA —

Offices
USA:  MALA

Corporate Headquarters
MALA Geoscience

China: MAL
Phol

MALA Geoscience products are unde! continuous development and we reserve the right to alter or amend any publi
Copyright 2011 MALA Geoscience AB. Al rights reserved,

www.maiags.com

Bimalags.com
{0.12 Yu Min Road Chao Yang Disirict, Selfjing 100029
Srmalags.com
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Terrameter LS

i lmagmg system measurmg Z::_ ~+ Superior quality in data acqu:sntmn N
:ReSIstWIty, IP and SP L

i - dynamic range multl-channe[
'+ High rellablllty, safety and SN recelver. - :
‘robustness under. harsh f:e!d SRS

-.'_"{'-:'_:condltions. :;_' . Open communication platform for
L ... dataexchange, Internet and remotef

--_;Easy to use w:th multt i:ngual _:'__'_ﬁ: - "'dlagnosttcs (TCPIIP USB)

";ﬁgraphlcal user. mterface on -

:_'*sunhght readable co!our LCD ,_ S

e .On-site capabilities for data

QA, system d:agnostics and
fault toierance. . S

- with powerful transmitter and hlgh o




Technical Specifications: Terrameter LS

Receiver

No. of Channeis 4 — 12 input {(+ 2 for Tx monitoring)
Isolation Ail channels are Gaivanically isolated
Input Voltage Range + - 600V
input lmpedance 200 MOhm, 20 MChm and 300 kOhm
Precision 0.1 %
Accuracy 0.2 %
Resclution 3 nV al 1 sec integration
Linearity 0.005 %
Range Operator selected range of measurement

+ /- 8V, 20 MOhm
+{ -5V 200 MChm
+{~ 600V 300 kOhm

Flat Freguency Response better than 1 % up to 300 Hz

Measuring

Resistivity YES, Full waveform recorded
SP YES, Full waveform recorded
IP YES, Full waveform recorded
Dynamic Averaging 24 bit A/D conversion
Data Sampling Rate 30 kHz
Cycle time from 0.1sec to 30 sec User selectable
1P Windows Arbitrary windows flexibility

configured o powerline frequencies

Transmitter

Output power 250 W
Current transmission True Current Transmitter
OCutput Current Accuracy better than 0.4 %

Maximum Qutput Current 2500 mA
Maximum Output Voltage +/-800V
1200 V peak to peak
instant Polarity Changer YES
Accuracy 0.4 %
Precision 0.1 %
Self Diagnostics Temperature, Power dissipation
Monitoring
Safety Emergency Interruptes easily accessible
Tx Monitor
Voitage +- 600V
Current +/- 2500 mA
Full wave frem monitored
Accuracy 02%
Precision 0.1%
General
Casing Rugged Aluminum case meets IEC IP 66
Computer Embedded ARM 9, 200 MHz
GPS 20 channels SirFstarlll chip
Cisplay 84" Active TFT LCD, full coleur, Daylight visible
110 ports 2 x KPT 32 p for imaging, AUX
2 x U8B, RJ45 for LAN
Service point Accessible through Internet
Muttduncion connector
Memory Capacity More than 1 500 000 readings

Power Internal NiMH 12 V power pack
or Optional External 12 VDC battery
Dimensions {W x L x H) Y x 21 x 32 cm

Weight 12 kg

S S
Gl e

Allén 1
SE-172 66 Sundbyberg
Sweden

Telephone +46 8 54 88 300

Fax +46 8 28 11 09
sales@abem.se
www.abem.se

Software & Communication

Terrameler LS is controlied using the incorporated Firmware.
It has a Graphicai User interface that is easy o follow in all its
aspects. Clear and instructive graphics assists the user in the
operation of the instrument.

For enhanced Data Quality Control in the field i is possibla to
display the measured Multi-Elecirode Resistivity imaging data in
near real time as a pseudo section. Thanks fo access poinis as
USB and RJ 45 {or LAN} fransfer of data to other computers is
extremely simple.

For full inversion of data external software is required. Most common
today is RES2DINVor RES3DINVY. This program supporis data
formats provided with the help of the Terrameter LS software.

Multi-Electrode Survey Systems for 2D & 3D

for Resistivity, IP & SP Imaging & Monitoring
Switching matrix Internal 10 X 64
Roil-a-Long YES full coverage, both 2 & 3D
All 84 take-outs  in a Standard cable array are active for roll-a-long
Array types Defauit Muitiple Gradient,
Dipcle-Dipole, Pole-Dipole, Wenner etc.
Take-outs internal 64 inline + 3 remcete electrodes
Expandable through Multiconnector up to 16320 electrodes.
Unlimited number via Interconnact cable.
The switch matrix is divided into four blocks for effective use of all
receiver channels available.

Elecirode Test YES, Focus One and Pair

SAS LOG 300 logging unit {optional)

Measures both long and short Normat configuration. A lateral confi-
guration is also included. A fiuid resistivity cell, & temperature sensor
and a watler level indicator make it 2 complete efectrical iogging
device, Refer to the separate leafiet for more detaits.

FIELD EQUIPMENT IMAGING

Consuft your local ABEM distributor for full details of the various
corfigurations available for you. A hint 530-2D = 30 m depth & 2D
software.

Terrameter LS Imaging G30-2D 33300201
Terrameter LS Imaging G70-2D 33 300202
Terrameter LS Imaging G140-2D 33300203
Terrameter LS Imaging G200-2D 33 3002 04
Terrameter LS Imaging G275-2D 33 3002 05
Terrameter LS imaging G30-3D 33 3002 06
Terrameter LS imaging G70-3D 33 300207
Terrameter LS Imaging G140-3D 33 3002 D8
Terrameter LS Imaging G200-3D 33 3002 09
Terrameter LS Imaging G275-3D 33 3002 10

With reservations for changes; our products undergo continuous development

Your BDistributor
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EXECUTIVE SUMMARY

This report presents the results of geophysical surveys conducted for the Phase 1l (Area D
and Landfarm) and Phase 1B (Helipad) sites located on Camp Carroll, Republic of Korea
(ROK). The surveyed areas are located in southeastern portion of Camp Carroll where
disposal and burial of hazardous material and waste allegedly occurred between the years
1977 and 1982 (Figure ES-1). The purpose of the survey was fo identify and locate foreign
objects, especially steel drums and delimit the approximate vertical and horizontal
coordinates of the burial. Geophysical survey of the western half of the Helipad site had
been completed during Phase I and the results were provided in the Phase I (Helipad) Site
Geophysical Survey Report.

Geophysical Survey Procedure

The Area D survey area measures approximately 180 m from north to south and from about
52 m to 130 m east to west. The Landfarm survey area measures approximately 150 m from
north to south and 100 m east to west. The Phase [1B Helipad survey area measures
approximately 170 m from north to south and 72 m east to west. The geophysical survey was
conducted using three non-intrusive techniques: magnetic gradiometry, ground penetrating
radar (GPR), and electrical resistivity imaging (ERI).

The magnetic gradiometry survey utilized a grid system with north-south and east-west
running gridlines at 1 m intervals. Including endpoints, this resulted in 12,719 intersections
points in Area D, 7,607 points for the Landfarm and 12,420 intersections points in the Phase
IIB Helipad site. Magnetic readings were taken at each of the intersection points using a
Bartington Instrument Ltd (United Kingdom) model Grad601 gradiometer.

The GPR survey was conducted using a MALA GeoScience (Sweden) model ProExTM
Professional Explorer GPR. The survey utilized 2 m interval transects in the east-west
direction, resulting in 93 transects for Area D, 121 transects for the Landfarm and 84
transects for the Helipad site. An inpul frequency of 100 megahertz. (MHz) was initially
selected. After completion of the survey at 100 MHz, a second survey was conducted at
locations where anomalies were detected using an input frequency of 50 MHz. The lower
frequency provides deeper coverage but at a slightly lower resolution,

The ERI survey was conducted using an ABEM Instrument AB (Sweden) model Terrameter
LS direct current resistivity meter. The survey was conducted along 19 transects for Arca D,
16 for the Landarm and 14 transects for the Helipad.

ES-lC;? gé }§ For Official Use Only
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Figure IS-1. Camp Carroll Phase IT and IIB Geophysical Survey Location Map
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The survey results were combined and a final interpretation of the data and subsurface
anomaly zones are shown on Figure ES-2. The results are summarized as follows:

Phase 1T Area D Site

e The magnetic gradiometry survey results indicate four areas of subsurface anomalies.

o The GPR survey results indicate three subsurface anomalies, mostly towards the
southern portion of the site.

¢ The ERI survey results indicate seven subsurface anomaly zones.

Phase II Landfarm Site

¢ The magnetic gradiometry survey results indicate two areas of subsurface anomalies.

e The GPR survey results indicate six subsurface anomalies.

s The ERI survey results indicate four subsurface anomaly zones.

ES-2
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Phase IIB Helipad Site

» The magnetic gradiometry survey results indicate three areas of subsurface
anomalies.

» The GPR survey results indicate six subsurface anomalies.

¢ The ERI survey results indicate six subsurface anomaly zones.

Conclusions

The subsurface anomalies identified by the ERI survey is attributed to geologic features and
do not indicate the presence of buried foreign objects. The combined results of the magnetic
gradiometry and GPR surveys shown on Figure ES-2 indicate 11 anomaly zones where the
probability for the presence of buried foreign objects are the highest. There are four such
anomalies in the Area D site, three in the Landfarm site and three in the Phase 11B Helipad
site. The subsurface anomalies zones may be attributed to loosely packed soils possibly
indicating excavation and backfill; high liquid content, which may be indicative of recent
leaks or spills; or buried foreign objects such as steel drums.
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Figure ES-2. Final Interpretation of Subsurface Anomaly Zones
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1. INTRODUCTION

This report presents the results of geophysical surveys that were conducted for the Phase I}
(Arca D and Landfarm) and I1B (Helipad) sites located on Camp Carroll, Republic of Korea
(ROK). The purpose of the geophysical survey was {o locate potential foreign objects,
especially steel drums, which may have been buried in the area. The survey will also delimit
the approximate vertical and horizontal coordinates of subsurface anomalies that indicate the
possible presence of foreign objects. A geophysical survey has been completed for the
western one-half of the Helipad site during Phase [ of this project and the results are provided
in the Phase | (Helipad) Site Geophysical Survey Report.

1.1  Site Description and Background

U.S. Army Garrison (USAG) Daegu Camp Carroll (Camp Carroll) is located in Chilgok-
Gun, Gyeongsanbuk-Do, adjacent to the village of Waegwan in the south-central portion of
the ROK. The general location of the camp is shown on Figure 1-1. Urban areas bound
Camp Carroll on the northwest, west and southwest. Hilly, forested areas bound the base on
the north and east. Agricultural fields (mostly rice paddies) border the camp on the northeast
and the south. The Naktong River flows from north to south approximately 0.5 kilometers
west of Camp Carroll.

Figure 1-1. USAG Daegu Camp Carroll Location Map
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The location and general layout of the Phase II Area D and Landfarm sites and the Phase 11B
Helipad site are shown on Figure 1-2. Disposal and burial of hazardous material and waste,

some in 55-gallon drums, reportedly occurred during the period between the years 1977 and

1982.

Figure I-2. Phase Il and 11B Geophysical Survey Location Map
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The Phase 11 and 1B sites are mostly flat with a slight down slope to the southeast. The
grounds in the area are mostly unpaved and covered with grass. Main physical feature at the
sites include the helipad, several concrete pads, asphalt taxiways, metal shed, holding pond
and the landfarm cells. There are also numerous underground utilities and other features at
the site that could interfere with survey instrument reading, including water and sewer lines,
concrete pad, aboveground and underground drain line.

1.2 Geophysical Survey Methodologies

The geophysical survey was conducted using three non-intrusive techniques: magnetic
gradiometry, ground penetrating radar (GPR), and electrical resistivity imaging (ERI). Three
separate techniques were employed for the survey in order to ensure optimum coverage and
the ability to identify and locate subsurface anomalies. The following sections provide brief

i-2 For Official Use Only
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descriptions of each technique, along with some of the strengths and limitations assoiated
with each technique.

1.2.1 Magnetic Gradiometry

Magnetic gradiometry is a more refined technique under the broader category of magnetic
geophysical survey. Magnetic surveying in general is a passive method based on the
measurement of localized perturbations to the Earth's magnetic field caused by the presence
of buried ferrous targets. Magnetic gradiometry determines the vertical gradient of the
magnetic field, and are more sensitive to small or weakly magnetic targets than the typical
single sensor, total field magnetometer. The limitation with magnetic survey techniques is
that they will not identify non-magnetic materials, such as glass, plastics, woaod, and non-
ferrous metals such as copper and aluminum.

Typically, data is collected in a systematic manner across a field site and then presented as a
contoured map in units of nanotesla (nT) or nT per meter (nT/m), which can be interpreted to
produce a map of the subsurface. The amplitude and shape of an individual anomaly will
reflect the dimensions, orientation and magnetic susceptibility of the buried target.

1.2.2  Ground Penectrating Radar

In GPR surveys, electromagnetic waves of frequencies between S0MHz and 2.5GHz
(microwave band of the radio spectrum) are transmitted into the ground. This energy is
reflected back to the surface when it encounters significant contrasts in dielectric properties.
The amount of energy reflected is dependent on the contrast in electrical properties
encountered by the radio waves. A receiver measures the variation in the strength of the
reflected signals with time. The resulting profile is called a "scan," Multiple scans generated
by traversing the antenna across the ground surface are used to build 2D vertical cross
sections (radargrams) of the subsurface,

The advantage of GPR 1is that it can be used in a varicty of mcedia, including rock, soil, icc,
fresh water, pavements and structures. Also, because GPR is sensitive to differences in
dielectric properties, it can be used to detect non-ferrous ohjects, changes in material, and
voids and cracks. The limitation with GPR is that signal resolution is dependent on the input
signal frequency. Higher frequencies provide higher resolution, but higher frequencies
provide less penetration depth. Lower frequencies penetrate deeper into the ground but
provides less resolution and hence less accuracy. Another potential limitation with GPR is
that the difference between dielectric constants of different materials or layers may be too
small to classify, and interpretation of data is less straightforward than magnetic techniques.

1.2.3  FElectrical Resistivity Imaging

ERI, also called electrical resistivity tomography (ERT) measures ground resistance by
introducing an electric current into the subsurface via two grounded electrodes. The current
passing through the ground sets up a distribution of electrical potential in the subsurface.
The difference in electrical potential is measured using a second set of electrodes. The
transmitting and receiving electrode pairs are referred to as dipoles. Using Ohm’s law, this

1-3 For Official Use Only
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voltage can be converted into a resistance reading in units of ohm-meters (chm-m) for the
ground between the two potential electrodes. By varying the unit length of the dipoles as
well as {he distance between them, the horizontal and vertical distribution of electrical

properties can be recorded.

To build a vertical cross-sectional image of ground resistance, a string of connected
electrodes are deployed along a straight line with an inter-electrode spacing of a. Once the
resistance measurements have been made, the line is re-surveyed with an inter-electrode
spacing of 2a, 3a, 44, etc. For example, if a= 1 m (the initial spacing between the electrodes
is 1 m), the next survey along the same line would be conducted for electrodes spaced at 2 m,
followed by a survey with electrodes spaced at 3 m, etc. Each increase in the inter-electrode
spacing increases the effective depth of the survey. The vertical cross sections are combined
to generate a fence diagram output.
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2. GEOPHYSICAL SURVEY PROCEDURE

This section provides a description of the field procedures and instrumentation used during
the Phase II and 1IB geophysical survey. The specifications of the instruments are provided
in Appendix A for reference. The results of the survey are presented in Section 3.

The Phase 11 Area D survey site measures approximately 180 m from north to south and from
about 52 m to 130 m east to west. The Landfarm site measures approximately 150 m from
north to south and 100 m east to west. The Phase IIB Helipad survey area measures
approximately 170 m from north to south and 72 m east to west.

2.1 Magnetic Gradiometry Survey

The magnetic gradiometry survey was conducted using a Bartington Instrument Ltd (United
Kingdom) model Grad601 gradiometer equipped with a single Grad-01-1000L. high stability
fluxgate gradient sensor. The data generated was recording using a DL601 Data Logger.

The magnetic gradiometry survey utilized a grid system with north-south and cast-west
running gridlines at 1 m intervals. The survey sites are shown on Figure 2-1. Including
endpoints, this resulted in 12,719 intersections points in Area D, 7,607 points in the
Landfarm site and 12,420 intersections points in the Phase 1IB Helipad site. Magnetic
readings were taken at each of the intersection points

2.2 GPR Survey

The GPR survey was conducted using a MALA GeoScience (Sweden) model ProEx™
Professional Explorer GPR. Based on site geology, soil type, subsurface conditions and the
anticipated depth of buried materials at 5 m to 6 m below ground surface (bgs), an input
frequency of 100 megahertz (MHz) was selected to provide the highest resolution. After
completion of the survey at 100 MHz, a second survey was conducted using an input
frequency of 50 MHz, The lower frequency provides deeper coverage but at a slightly lower
resolution.

‘The initial survey using the 100 MHz antenna was conducted utilizing 2 m interval transects
in the cast-west dircetion as shown on Figurc 2-2. The resultant number of transccts in the
Area D site was 93; 121 transects in the Landfarm site; and 84 transects in the Phase 11B
Helipad site. The length of the transects ranged from about 9 m to 90 m. The 50 MHz
antenna survey utilized 4 m to 5 m interval transects, also in the east-west direction (Figure
2-3). There were 18 transects in the Area D site; 59 transects in the Landfarm site; and 23
transects in the Phase 1B Helipad site. The lengths of the {ransects for the 50 MHz survey
ranged from 9 m to 105 m.

2.3 ERI Survey

The ERI survey was conducted using an ABEM Instrument AB (Sweden) model Terrameter
IS direct current resistivity meter. The survey was conducted along transects shown on
Figure 2-4: 19 for the Area D, 16 for the Landfarm, and 14 for the Phase IIB Helipad site.
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Figure 2-1. Phase II and IIB Magnetic Gradiometry Survey Sites
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Figure 2-2. 100 MHz GPR Survey Transects
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Figure 2-3. 50 MHz GPR Survey Transects
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Figure 2-4. ERI Survey Transects
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3. GEOPHYSICAL SURVEY RESULTS

This section provides a brief summary of the geophysical survey results and summaries. The
2-dimentional sections from the GPR survey and vertical cross section output from the ERI
survey are provided in Appendix B. Photographs documenting field survey activities are
provided in Appendix C. Raw data output from the survey instruments will be provided in
electronic format. The raw data files are incorporated by reference as part of this report.

3.1 Magnetic Gradiometry Result

The magnetic gradiometry survey result is presented as a single diagram on Figure 3-1. The
result is summarized as follows:
e Magnetic field in the area averages in the 400 nT/m to 500 nT/m range.

o The red and green colored areas on Figure 3-1 indicate the possible presence of
buried conductive materials.

» Locations with concrete cover (helipad, concrete pads), metallic objects on or above
the ground surface (anemometer, utility poles), and buried metallic objects (water
fines, storm and sanitary sewer lines) also present as red or green.

e There are several individual anomalies not associated with the known objects listed
above. The individual anomalies are grouped info zones as shown on Figare 3-1;
o Four for the Area D site
o Two for the Landfarm site
o Three for the Phase 1IB Helipad site

o The depth of the anomalies is estimated to be within the first 5 m bgs.
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Figure 3-1. Magnetic Gradiometry Survey Result
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3.2 GPR Result

The GPR survey result using the 100 MHz input signal frequency is presented as a series of
2D vertical cross sectional radargrams. Examples of the 2D radargrams for the Area D,
Landfarm and Phase 11B Helipad sites are shown on Figures 3-2 through 3-4, respectively.
Complete radargrams for the survey are provided in Appendix B. The 50 MHz survey did
not identify any additional subsurface anomalies.

The 2D radargrams are combined to produce plane view diagrams as shown on Figures 3-5
through 3-7. The 2D radargrams have more details and can reveal smaller objects, while the
plane view diagrams provide a broader picture of the anomalies. Strong reflected signals
caused by known objects (helipad, concrete pad, concrete block, anemometer, asphalt etc.)
were excluded. The resulf is summarized as follows:

¢ The areas colored red indicate strong signal reflection, which could be cause by
foreign objects or dense geologic strata.

e Several smaller anomalies shown as irregular red colored points had signals that
indicate boulders within the soil stratum,

¢ Most of the anomalies that indicate the possible presence of foreign objects occurred
at a depth of about 4.0 m bgs.

* The 2D radargrams showed a number of anomalies, which may be attributed to small
conductive objects or rocks and boulder. The number of anomalies in each survey
site is as follows:

o 3 for the Area D site
o 3 for the Landfarm site
o 2 for the Phase 1B Helipad site

e ‘The plane view diagrams indicate that subsurface anomalies are most likely atiributed
to geological features such as changes in stratum and bedrock.
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Figure 3-2. 100 MHz GPR 2D Radargrams for Area D Site
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Figure 3-3. 100 MHz GPR 2D Radargrams for Landfarm Site
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Figure 3-4. 100 MHz GPR 2D Radargrams for Helipad Site
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Figure 3-5. 100 MHz GPR 1.89 m to 2.51 m bgs Result

CPIASE filelipudy

< Water pipg Bne

L. Storm sower

strong signal

Stosm sewer -

weak signal

[ — O

3-7 ) For Official Use Only



Phase IT and 1B Geophysical Survey Report
Camp Carroll, Republic of Korea
3. Geophysical Survey Results Juby 20117

Figure 3-6. 100 MHz GPR 3.38 m to 4.06 m bgs Result

/ Water pipe ling

I
Reinforced]cc
; Helipad$

Water pipe brie & 75‘

S0 SOWEF

T

3-8 For Official Use Only

A E 9




Phase Il and 1B Geophysical Survey Report
Camp Carroll, Republic of Korea

3. Geophysical Survey Results July 2011

Figure 3-7. 100 MHz GP’R 4.59 m to 5.63 m bgs Result
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3.3 ERI Results

The ERI survey result is presented as a Fence diagram on Figure 3-8. The result is
summarized as follows:
s The ground resistivity in the area ranges from about 90 chm-m to 300 ohm-m.

« Conductive materials such as buried water pipes show low resistivity as would be
expected.

s Locations with low resistivity anomalies (less than 70 ohm-m) are shown in bine and
green.

» The Area D site has seven low-resistivity anomalies tentatively identified as follows:

o Anomalies B and C occurs approximately between 2 m and 10 m bgs

o Anomalies A, D, E, F and G occurs approximately between 4 m and 12 m bgs
e The Landfarm site has five low-resistivity anomalies tentatively identified as follows:

o Anomalies B, C and E occurs approximately between 0.5 m and 10 m bgs

o Anomalies A and DD occurs approximately between 4 m and 12 m bgs

e The Phase [IB Helipad site has six low-resistivity anomalies tentatively identified as
follows:

o Anomalies A, C and D occurs approximately between I m and 5 m bgs

o Anomalies B, E and F occurs approximately between 4 m and 12 m bgs
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Figure 3-8. ERI Survey Result
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4. CONCLUSIONS

The locations where confirmed subsurface anomalies are indicated by the magnetic
gradiometry, GPR and ERI surveys are shown on Figures 4-1 through 4-3. Figure 4-4 shows
the results from the three survey superimposed. The anomalies identified by the ERI suivey
are attributed to subsurface geologic features such as changes in strata, fracture zones in the
bedrock and the groundwater table. A final interpretation of the data and subsurface anomaly
zones are shown on Figure 4-5. The conclusions are summarized as follows:

Phase II Area D Site

* The magnetic gradiometry survey results indicate four areas of subsurface anomalies.
e The GPR survey results indicate three subsurface anomalies, mostly towards the
southern portion of the site.

Phase I Landfarm Site

s The magnetic gradiometry survey results indicate two areas of subsurface anomalies.

e The GPR survey results indicate six subsurface anomalies.

Phase IIB Helipad Site

» The magnetic gradiometry survey results indicate three areas of subsurface
anomalies.

s The GPR survey results indicate six subsurface anomalies.

'The combined results of the magnetic gradiometry and GPR surveys indicate 11 anomaly
zones shown on Figure 4-5 where the probability for the presence of buried foreign objects
are the highest. There are four such anomalies in the Area D site, three in the Landfarm site
and three in the Phase 1IB Helipad site. The subsurface anomalies zones may be attributed to
loosely packed soils possibly indicating excavation and backfill; high liquid content, which
may be indicative of recent leaks or spills; or buried foreign objects such as steel drums.
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Figuare 4-1. Magnetic Gradiometry Confirmed Subsurface Anomalies
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Figure 4-2. GPR Confirmed Subsurface Anomalies
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Figure 4-3. ERI Confirmed Subsurface Anomalics
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