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Figure 4-4. Combined Magnetic Gradiometry, GPR and ERI Results
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Figure 4-5. Final Interpretation of Subsurface Anomaly Zones

Asphalf

Rc:nrorced wnt:
I-fel;pad

Pl

i s
¢ F Water plipeline & §
I pray nozzlq

o

- SHOM Seer

Con'c pad

SLOnm SeRer .

For Official Use Only

-



Phase I and IIB Geophysical Survey Report
Cainp Carroll, Republic of Korea
July 2011

APPENDIX A
GEOPHYSICAL SURVEY INSTRUMENT SPECIFICATIONS

Bartington Instrument Ltd model Grad601 gradiometer
MALA GeoScience model ProEx™ Professional Explorer GPR
ABEM Instrument AB model Terrameter 1.S
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Gradé01

Magnetic Gradiometer System

Tounted an
A one meire

verhcal scparatfon The system prowdes an enhanced de;ﬂ 1
a gradiometer with 0.5 metre separation, along with exceptional si:
of the gradiometer is by simple push-butten control, eliminating the
usually associated with mechanically adjusted instruments.

ceriainties

. The Grads01-1 single sensor version is ideal for the location of pipes, cables,
drums and archaeological features,

. The Grad601-2 two sensor version allows geophysical surveys to be complated
in about half the time.

Both versions provide linear ranges of 100nT with a resoluhon of 0.01nT (&
H W with a re

tion B30T and

ssi downloading of data enhance survey off

The excepltional temperatura slability of the sensors ensures minimal drift duririg
surveys and reduces the need for adjustment. All adjustments are accomplished u
a single push-tutton and audible cueing. Qverall system delay is minimal, ensuring
negligible data skew. Powerline rejection can be keypad selected for 50Hz or 60Hz,
giving >1000:1 reduction.

The instrument cperates in either survey or scanning mode. In survey mode, data

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

The non-volatite Z5AKE : ient, for ¢ K :
3(] x 30 metres with & 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 USB interface, and it can save datz in any of three formats
for subsequent data processing. Downloading a full memery takes less than seven
minutes,

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

GPS
Aversion of the logger with an NMEA data oulput, suitable for use with GPS devices,
can be supplied. Contact us for details.




Electronic adjustment
Seleclable 00T or 0107 resolulion
125k readings

Low power - 24 haur operz
Survey and Scan maod

1104 lines/m

1 to 8 readings/m atong each line {4 max on 40m

Fast downioad - 6.5 minutes max
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Gradali (1m vertical
sensor spacing)

Same sile surveyed using
a gradiometer with 0.5 m
vertical sensor spacing

Accessories

Each gradiometer system is supplied in a universal rugged carrying case, with cut-ouls
tor either a singte or dual systemn, together with the following accessories:

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

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

. In-car charger: regulated 12V-24V DC-DC, 2A current rating, shert circuit
protected, automatic thermal and overioad cut-off

. 9-pin serizl cable and USB adaptor

* Bownloading software on CD

. Gradb01 Operation Manual on CD

The GradéD1-2 carrying harness provided for the dual gradiometer system relieves the
operater’s arms of the weight of the gradiometer, while enhancing the operator’s ab'rlity

5 counter halancas the

nt Avwater-filled hag

15 Use the inst

gradiometer.

{h2 ha can be adj UREF ahl adiometer i
positioned at the required carrying hekght. The dual gradiometer bar sits in quick release
swivel mounts on the abdominal spacer bar to assist in keeping the sensor vertical. The
spacer is sttached tc the harness by shock absorbing rubber rings.

Software

nierer

: 3 1 o
IEre 1 usel.

irscate how s s b clearly id

for archaeolog:cal geophysms ArcheoSurveyor can read data dlrec:ly from the Grads01
Gradiometer land other commonly used survey anslrumenis] via the ser&al/USB
Lonnection. ' fit ;

destripe, destaggor ete. ] to enhance the c%arny of any magnenc anomalles

ArcheoSurveyorLite is a “lite” version of this graphical mapping software, providing the
user wilh the majorily of functions needed o process insteument data. There is a simple
upgrade path to the full version when further features become necessary.

ArcheoSurveyor and ArchecSurveyorLite can be purchased from Bartington [nstruments
or DW Cansulting.

Grad401 Download Utility

This utility is supplied free of charge and aliows survey data to be downloaded to a
windows® PC. Several file larm : ai mode’} are
available, and are compatible with most common mappmg software packages [e.g. Surfer,
Geoplet).

These plots iltustrate how the Tm vertical spacing of the sensors on the Gradé01 provides
an increasad depth of response compared to a 0.5m spacing gradiometer.




Specifications

| -200C 0 4700C o

Dperating temperature .

Grad1:1 Single Gradiometer.

Harness with abdominal spacer and balance weight .-

Additional parts required:

Conversion: :

glasystent.

Gradé601-2 support beam, Grad-01-1000L Sensor -

Grad6l1-1.single to Gradb01-2dual system

Grad-01-1000L sensor

nfsenscr withs Im s

saration etwesn ihe sen lamanis ang

The Grad-31-100 a high stabiliy &

an effective sensitivity of 0.03nT/m. The exceptional temperature stability of this sersor ensures minimal drift during
surveys and reduces the need for adjustment te a minimum. Each sensor contains electronics and non-volatite memary for

calibration data storage and can be operated independently, over long cables, if required,

Sensitivity

Maximum ambient figd

Dimensions

ing in multi-sensor.array -




DL601 Data Logger

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

Gradient ranges - -

Attenuation

Controls

Display update rate

918V DC. 45méA [max) *

Power supply ¢ qui ements .

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




BC601 Battery Cassette

This Lithium lon type of battery is housed in a sealed cassette which also contains

the automatically terminating charging circuitry. The battery is charged by the mains
adaptor supplied, or any isolated 9-18Y DC supply (at 1.2A minimum}in é te 8 hours.
One charge will operate the system for up to 24 hours with two gradiometer sensors, or
34 hours with one gradiometer. A push-button charge indicator is provided.

4108 holirs with mains adapfor supplied {autematic termination] :
R PUtwhen charging: offw

Gradé601 Carrying Bar

The appropriat %
attached at the ends of the carrying bar by quick release clamps.

nolers

ATV

The data logger and battery cassette are normally left altached to the carrying bar. Ali
cables are routed through the carrying 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
surveys and for setting up. The auxiliary push-button sub-assembly, which is easily
replaced, is convenienily located near the operator’s hand, and reduces excessive wear
of the most frequently used keys.




D51800/14

Ford

ar o paper ent

Aodughesiabiliy luxgats

magnelic gradiemeter lor shaltow geophysical survey applications” by G. Bartington
and C.E. Chapman. Published cnline 4 November 2003 and available al the Witey
Online Library: www.onlinelibrary.wiley.com
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1. Field rugged Control Unit - IP65

2,12V Li-fon battery

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

4, Antenna modules

5. Connectors 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
modulfar, full-range Ground Penetrating Radar (GPR} system range of anterinas from MALA Geoscience and offers a
designed to meet the needs of the advanced professional | flaxible and versatile approach to detecting subsurface
user. Atthe heart of this system is the MALA ProEx Control | targets and geological lavers accurately, efficiently 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 CUIE as the new high-end full range system. - flexibie and affordable choice to system configuration.

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

non-destructive solution for subsurface geophysical and
geotechnical investigations,

29/3



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 Enginesring
Ervvironmentat

Geological/Mining
- lee & Snow Measurements
+ Research
« Road &Transporiation
- Utility Detection & Mapping
« And 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. 8 antennas {16 data channels) as
optional
Supperts all antennas from MALA Geoscience
+ Supports array configurations

= Ethernet communication
« Pulse Repetition Frequency {PRFY 100 KHz {upgradeablie)
+ 106G 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 channels {4 data channels) and by adding
antenna modules this allows connection of two separate
antennas for simultancous 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 hardwate channels {16 data
channels) and operate up W eight individoal 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 measuraments to be carried out.

Technical Specification

Power supply: Li-lon 12V battery

Operating time: 5 b riominal, depending on configuration
Operating temp: -20° to +50°C / 0° to 120 °F

Environmental: P65

Dimensions: 32.5x222x 4.2 cm

Weight: 1.9kg

Antennas: The MALA ProEx is fully compatible with the entire
range of MALA Geoscience antennas, the MALA XV Monitor
date acepiisition platform ard e MALA Groundvision 2°
acquisition software,

! Requires a notebook PC

See our webpage for iatest information

Corporate Headquarters  Offices

MALA Geoscience USA:  MALA Gebi
Skolgatan 11, SE-930 70 g

Mala, Sweden .

Phone: b b

Fax: China: MALA G

E-mail: sales@malags.com

MALA Geoscience products are under continuous development and we reserve the right to alter

MALA —

www.malags.com

harleston, SC 29492
-rmait; gsa@maiag;s.wm

0.12 Yu Min Road Chao Yang Distrtey, Belfing 100029
@rmalags.com

C_é %4

or émend any published informaticn or specification without notice.

LN

Copyright 2011 MALA Geoscience AB. All rights reserved.




Terrameter LS

lmaglng system measurmg
- ;_Remstl\nty, IP and SP.

. :High reliability,'safety and |

. ..: . S'.u:p_e‘rior _qualit'y i_h dafa '“.ql_'isifibn

'}robustness under harsh fleld 8

S _:'condlt:ons

graphical user interface on -

::-'_"30n-5tte capabllrties for data
~ QA, system diagnostlcs and
: '_fault tolerance. -

sunhght readabie colour LCD._

. ":-Easy to use with muitl-lmgual. | _3__'-;_'5':-:-'3d_lagnostlcs (TCPIIP USB)

- with powerful transmitter and high
Zl'dynamic range mu[tl-channei '

~ receiver.

e Z;Open commumcation p!atform for

~ data exchange, Internet and remote T

A5



Technical Specifications: Terrameter .S

Receiver

No. of Channels 4 ~ 12 input (+ 2 for Tx monitering)
Isolation Ali channels are Galvanically isolated
Input Voltage Range wf-600V
Input Impedance 200 MGOhm, 20 MOhm and 300 kOhm
Precision 01%
Accuracy 02%
Resolution 3 nV at 1 sec integration
Linearity 0.005 %
Range Operator sefected range of measurement

+/- 5V, 20 MOhm
+/-5V 200 MOhm
+ /- 600 V 300 kOhm

Flat Frequency 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
Cycie time from 0.1sec 10 30 sec User selectable
P Windows Arbifrary windows flexibility

configured fo powerline frequencies

Transmitter

Qutput power 250 W
Current fransmission True Current Transmitter
QOutput Current Accuracy better than 0.4 %

Maximum Qutput Current 2500 mA
Maximum Output Veoitage +/-600V
1200 V peak to peak
Instant Polarity Changer YES
Accdracy 0.4 %
Precision 0.1%
Self Diagnostics Temperature, Power dissipation
Monitaring
Safety Emergency Interrupter easily accessible
Tx Monitor
Voltage +/- 600V
Current +/- 2500 mA
Full wave from monitored
Accuracy 02%
Precision C.1%
General
Casing Rugged Aluminum case meets IEC P 66
Compuler Enibedded ARM 9, 200 MH2
GPS 20 channels SirFstarlil chip
Display B.4" Active TFT LCD, full colour, Daylight visible
110 ports 2 x KPT 32 p for imaging, AUX
2x USE, RJ45 for LAN
Service point Accessible through Internet
Multifuncicn connector
Memory Capagcity More than 1 500 000 readings

Power internal NiMH 12 V power pack
or Optional Externatl 12 VDC battery
Dimensions (Wx L x H) 39x21x32ecm

Weight i2kg

Software & Communication

Terrameter LS is controlled using the incorporated Firmware.
It has a Graphicai User Interface that is easy to follow in all its
aspects. Clear and instructive graphics assists the user in the
operation of the instrument.

For enhanced Data Quatity Control in the field it is possible to
display the measured Multi-Electrode Resistivity Imaging data in
near real ime as a pseudo section. Thanks to access points as
USB and RJ 45 (for LAN) transfer of daia fo other computers is
extremely simple.

For full inversion of data external software is required. Most common
today is RES2DINVor RES3DINY. This program supports data
formats provided with the help of the Terrameter LS software.

Multi-Electrode Survey Systems for 2D & 3D

for Resistivity, [P & SP Imaging & Monitoring
Switching matrix Internal 10 X 64
Roli-a-L.ong YES fulf coverage, both 2 & 3D
All B4 take-outs  in a Standard cable array are active for roll-a-long
Array types Default Muitiple Gradient,
Dipole-Dipole, Pole-Dipole, Wenner etc.
Take-outs internaf 64 inline + 3 remoie electrodes
Expandable through Muiticonnector up to 16320 electrodes.
Uniimited number via Intercennect cable.
The switch matrix is divided into four blocks for effective use of all
receiver channels available.
Electrode Test YES, Foous One and Pair
SAS LOG 300 logging unit (optional)
Measures both long and short Normal configuration. A lateral confi-
guration is also included. A fluid resistivity cell, a temperature sensor
and a water fevel indicater make it a complete electrical fogging
device. Refer to the separate leaflet for mare details.

FIELD EQUIPMENT IMAGING

Consult your local ABEM distributor for full detaifs of the various
configurations available for you. A hint G30-2D = 30 m depth & 2D

software.

Terrameter LS Imaging G30-2D 333002M
Terrameter LS Imaging G70-2D 33 3002 02
Terrameter LS maging G140-20 33300203
Terrameter LS Imaging G200-20 33 3002 04
Terrameter LS Imaging G275-2D 33 300205
Terrameter .S Imaging G30-3D 33300206
Terrameter LS Imaging G70-3D 33 3002 07
Terrameter LS Imaging G140-3D 33 3002 08
Terrameter LS Imaging G200-3D 33 300209
Terrameter LS imaging G275-3D 33 300210

With reservations for changes; our products ungergo continuous development

O e D 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 CQ ngé@

Your Distributor
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100 MHz GPR 2D Radargrams for Phase II Area D Site
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100 MHz GPR 2D Radargrams for Phase II Area D Site
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100 Mz GPR 2D Radargrams for Phase Il Area D Site
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106 MHz GPR 2D Radargrams for Phase II Area D Site
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100 MHz GP'R 2D Radargrams for Phase II Area D Site
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160 MHz GPR 2D Radargrams for Phase 11 Landfarm Site
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160 MHz GPR 2D Radargrams for Phase 1IB Helipad Site
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106 MHz GPR 2D Radargrams for Phase IIB Helipad Site
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50 MHz GPR 2D Radargrams for Phase II Area D Site
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50 MHz GPR 2D Radargrams for Phase 11 Area D) Site
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50 MHz GPR 2D Radargrams for Phase Il Area D Site
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50 MHz GPR 2D Radargrams for Phase II Landfarm Site
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50 MHz GPR 2D Radargrams for Phase H Landfarm Site
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ERI Vertical Cross Sections for Phase I Area D Site
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EXECUTIVE SUMMARY

This report presents the results of a geophysical survey that was conducted for the Siope site
located on Camp Carroll, Republic of Korea (ROK). The Slope site is located to the south
and southwest immediately adjacent to three sites at the southeastern portion of Camp Carroll
where geophysical investigations have already been completed (Figure ES-1). The Slope site
was identified as the location where drums of hazardous material and waste were allegedly
buried between the years 1977 and 1982 by an eyewitness. The purpose of the survey was to
identify and locate buried foreign objects, especially steel drums and delimit the approximate
vertical and horizontal coordinates of the burial if they exist.

Geophysical Survey Procedure

The Slope site survey area measures approximately 30 m to 50 m from north te south and
140 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 I m intervals. Including
endpoints, this resulted in 4,762 intersections points. 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 a 2 m interval transects in the east-west
direction (36 transects). An input frequency of 100 megahertz (MHz) was selected.

The ERI survey was conducted using an ABEM Instrument AB (Sweden) model Terrameter
LS direct current resistivity meter. The survey was conducted along three transects.

Geophysical Survey Results and Conclusions

The survey results were combined and a final interpretation of the data and subsurface
anomaly zones are shown on Figure ES-2. The conclusions are summarized as follows:

* The Magnetic Gradiometry survey results indicated one subsurface anomaly. The
anomaly is attributed to interference from the nearby metal chain link fence and
building structure.

» The GPR survey results indicate six subsurface anomalies. The anomalies are
attributed to subsurface geologic features such as changes in soil stratum and
disturbed soil (soil that has been excavated and backfilled).

» The ERI survey results indicate two subsurface anomalies. The survey results
indicate that the anomalies are most likely due to geological structures such as
fracture zone in bedrock and ground water level.
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The combined results indicate that the subsurface anomalies that were identified
during the geophysical survey can be attributed to existing structures at the site and
activities such as excavation and backfilling. The results do not indicate the presence
of buried foreign objects such as steel drums.

Figure ES-1. Slope Site Geophysical Survey Location Map
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Figure ES-2. Slope Site Subsurface Anomalies
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