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ABSTRACT

This paper describes two recent case histories in which commercially available geophysical
instruments were used with an innovative tracking and mapping system called USRADS
(UltraSonic Ranging And Data System) that automates data location and collection. USRADS uses
ultrasonics to provide real-time surveyor positioning and radio links to transmit the surveyor data
to an on-site computer for storage and real-time display. USRADS uses a standard 386 computer
for data collection and includes real-time color display of the findings. It also includes numerous
analysis and display formats for on-site, as well as utilities to facilitate post-process analysis of the
findings.

The objective of one project was to locate several suspect waste disposal trenches and to map their
boundaries. The second was to locate and map the presence of subsurface unexploded ordinance
(UXO) at a suspect artillery impact area. A Geonics EM31 terrain conductivity meter interfaced to
USRADS was used to map the suspect trenches. A Schonstedt GA-52C magnetometer interfaced
to USRADS was used to map the subsurface UXO. Correlation of findings to known site features
and additional knowledge about the sites indicates that these efforts did locate and map the
geophysical features including the suspect waste trenches and the subsurface UXO. Images of the
findings generated on-site and during post-processing are included.

INTRODUCTION

The Ultra-Sonic Ranging And Data System (USRADS) has been interfaced with numerous
instruments that are routinely used for site characterizations, including radiological, hazardous
material, and geophysical conditions. USRADS is used to provide real-time positioning, automated
data collection, and real-time display of the findings.

USRADS was originally prototyped by Oak Ridge National Laboratory (ORNL) as a person-
carried device to automate the positioning and data collection functions needed to characterize the
radiological contamination of DOE facilities in the Uranium Mill Tailings Remedial Action
(UMTRA) program involving more than 8,000 properties in Grand Junction, Colorado (Berven,
Liv .e and Blair, 1991). Beginning in 1988, Chemrad Tennessee Corporation developed USRADS
for commercial use. Commercialization efforts and subsequent enhancements have expanded its
capabilities to include simultaneous tracking of multiple sensors and the addition of many of the
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sensors that are routinely used for radiological, geophysical, and hazardous material, site
characterizations (Flynn, Williford, and Blair, 1990). Several recent applications of this expanded
capability include the use of USRADS to automate the positioning and data collection functions on
several robotic platforms that are being used for site characterization programs in extremely
hazardous environments (Flynn and Blair, 1990).

This paper describes two recent projects in which commercially available geophysical instruments
were used with USRADS to yield extraordinary data collection and real-time mapping of
geophysical features.

BACKGROUND

USRADS uses an ultrasonic signal to determine a surveyor's position and radio frequency (RF)
signals to transmit the corresponding sensor data to an on-sitc 386 computer for storage and real-
time display. The surveyor's location is updated on the computer display relative to a specified
reference grid once each second. Presently, combinations of six different sensor readings, or six
different regions of interest for a given instrument, can be recorded for each corresponding
coordinate position. Sensor intensity is displayed in real-time and is typically color-coded such that
the surveyor paints the display with color-zones of interest while covering the site.

At the conclusion of the survey with USRADS, the sensor readings are shown on a display and
stored in the computer by location coordinates. The on-screen display shows the continuing path of
the surveyor over the site and is referred to as a track map. USRADS includes software to provide
immediate on-site analysis of the data with numerous display formats including: replay of the track
map at different action levels, contour maps showing the statistics for the sensor data at the
specified action levels, and three dimensional representations of the findings for quick graphical
review.

These display formats are immediately useful to guide further site characterization efforts such as
ground truthing or intensified surveillance in locations as indicated by the color-zones. These
standard USRADS features that provide on-site analyses and thorough survey documentation have
added significantly to data quality and have proven to be cost effective on those programs where it
has been utilized. The most exotic applications have included the use of robotic platforms to carry
multiple sensor capabilities into extreme environments where USRADS is used to aid in data
location and navigation.

Current applications for USRADS for site characterization efforts include three major areas:
radiological, geophysical, and hazardous materials. For a typical application, USRADS is
interfaced to commercially available measurement sensors to provide real-time measurement and
mapping of:

1. alpha, beta, and/or gamma contamination, by gross counts or by isotopics,
2. radiation dose rates,
3. geophysical features to map suspect waste burial sites, underground utilities and containers,

the extent of subsurface leakage plumes, and
4. organic vapor emissions and heavy metal contamination in soil by element.

This paper presents the case histories of two different projects that use standard geophysical
instruments interfaced to USRADS to map geophysical features.
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CASE HISTORY I. TRENCH MAPPING AT A WASTE BURIAL GROUND

Introduction

On November 5-6, 1991, Oak Ridge National Laboratory (ORNL) performed i terrain
conductivity survey of the K1070A burial ground at the K25 plant. An EM31 (manufactured by
Geonics Ltd.) and an UltraSonic Ranging and Data System (USRADS) was used. The burial
ground plans show three waste pits and five trenches. A number of piezometers have been drilled
and soil samples collected and analyzed along the perimeter of the burial ground (Figure 1). The
water and soil sample analysis showed no contamination, leading the K2S remedial action
personnel to suspect that the burial area was improperly mapped.
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Figure 1. K-2S K1070A Burial Ground site map.

Purpose of Investigation

The purpose of this survey was to provide the K25 staff with a detailed map of the spatial variation
of apparent electrical conductivity of the burial ground. This map can be used to (1) determine
whether the burial records on file are reasonably accurate, and (2) choose potential well locations
close to the buried waste boundaries, but with minimal chance of drilling into a waste canister.

Equipment

TERRAIN CONDUCTIVITY: EM31

Apparent electrical conductivity at the burial ground was measured using a Geonics Ltd. EM31.
The EM31 consists of an instrument box attached to a shoulder harness and centered on a PVC
boom which maintains a fixed separation and relative orientation between a transmitter coil at one
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end of the boom and a receiver coil at the other end. The transmitter broadcasts an alternating
electromagnetic field (9.8 KHz) that induces electrical eddy currents in the ground. The receiver
detects both the primary field generated by the transmitter and 'he secondary field generated by the
eddy currents induced in the earth. These eddy currents create an alternating magnetic field of the
same frequency as the transmitted wave, but shifted in phase and reduced in amplitude. The depth
of the induced eddy currents, and hence the survey depth, is controlled by the spacing between the
transmitter and receiver coils. For the EM31, the coil separation is fixed at 3.66 m, limiting the
maximum sensing depth to about 3 m. The EM31 responds to anything that changes the average
conductance of the ground. Some examples are: buried metal, soil moisture, clay content of the
soil, and chemicals in the groundwater such as salts and metal ions (Operating Manual, 1984)

Remarks on EM31 Data Interpretation

The interpretation of EM31 data is straightforward when ground is homogeneous. The magnetic
field of the induced eddy currents is the vector sum of a component inphase with the transmitted
wave, and one 90 degree out of phase with the transmitted wave, called the quadrature component,
like the resolution of a position vector into x and y components. The EM31 measures both
components, and the currents induced in the ground is proportional to the electrical conductivity of
the ground. For a homogeneous earth (or it least homogeneous in the top 3 m, the approximate
penetration depth of the EM31 signal), the amplitude of the quadrature component of the magnetic
Held produced by these eddy currents, relative to the transmitter strength, is directly proportional to
the electrical conductivity of the ground. The EM31 can then be calibrated to report the electrical
conductivity of the ground directly in mmhos/m (Operating Manual, 1984; McNeill, 1980a,b).

When the terrain is complex, for example buried steel drums scattered throughout a landfill, the
EM31 still reports the quadrature component in units of mmhos/m, but this is only the apparent
electrical conductivity, not the true electrical conductivity of the ground, or the drums, or even
some average conductivity of both. The magnitude of the anomaly depends on its size, position,
shape, and electrical conductivity of all buried objects; it is impossible to determine all four from
EM31 readings alone. A given anomaly, for example, might be created by a cluster of buried 55
gallon drums, an old desk, or some metal scrap. For certain source-receiver-object geometries, the
presence of buried metal can even reduce the apparent electrical conductivity, producing an
anomalous low. Calculations can be made on a case by case basis using anomaly width and
amplitude to determine if a particular anomaly is too large to have been produced by, say, a single
drum, but in general EM31 data, especially for a region as heterogeneous as a landfill, can only be
interpreted qualitatively. Therefore, interpretation of apparent conductivity data in complex areas is
often limited to contouring or profiling the measurements and noting the presence or absence of
anomalous values (departures from background) unless secondary information such as burial plans
or other types of geophysical data are available.

In qualitative analysis of EM31 measurements the inphase data can be useful as well. The
disadvantage of inphase data for mapping soil conductivity is that the inpha..e response plotted
against electrical conductivity is not a simple linear relationship, whereas the quadrature response is
linear, but the inphase signal over buried metal is often stronger than the quadrature signal
(McNeill, 1983). The UltraSonic Ranging and Data System (USRADS), discussed below,
automatically records both the inphase and quadrature signals at each measurement point.

The limitations of electrical conductivity data interpretation determine the type of questions that can
be answered with EM31. It is unreasonable to expect an EM31 survey to produce an inventory of
buried objects, their size, shape and location. A more reasonable expectation is that the apparent
conductivity data may be used to locate buried waste, and to delineate its boundaries, but probably
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not its depth. It is fair to say, the more data the better. Tightly spaced measurements outline the
anomaly boundaries sharply, and guarantee that no conductive object is missed, but this slows
down data collection and analysis. Tightly spaced measurements also require more survey
preparation as the measurement grid will take longer to mark out, particularly for a multiple acre
site. Because the EM31 is an analog instrument, without a built-in data recording system, time is
lost as both the surveyor's position and the instrument's reading must be recorded in a field
notebook, or recorded with an electronic data logger and later transferred to a computer for
analysis. Generally a compromise must be made between time and money on the one hand, and
survey quality on the other. USRADS overcomes these difficulties by recording the EM31's
position and reading automatically, without a preset grid, and storing the data directly on a portable
computer.

For additional information on electromagnetic survey interpretation see: Telford (1990), and
Frischknecht ct al., (1991).

ULTRASONIC RANGING AND DATA SYSTEM (USRADS)

As part of the Department of Energy's Uranium Mill Tailings Remedial Action Project
(UMTRAP), ORNL was requested to survey, in three years, 8,000 properties where presence of
uranium mill tailing is suspected. To save time and money ORNL developed the USRADS
technology to automate much of the survey process and provide tabular and graphical data display
in the field or in the office for report generation. The system has been adapted to work with the
EM31, collecting both the quadrature and inphase data simultaneously (Nyquist and Blair, 1991).

System Operation

The system setup takes only about half an hour for a one acre site. Stationary receivers are placed
on the property so that the surveyor is in view of at least three of the stationary receivers from any
location on the property (Figure 2). Once the stationary receivers have been placed on the property,
the speed of sound is measured and the locations of the stationary receivers are computed. A
minimum of two people are required to operate the USRAD system. One walks the property with
the geophysical instrument while his position and instrument's readings are automatically recorded
by the USRAD system; the other operates a portable computer that analyzes the data as it is coming
in and tells the surveyor by radio where additional coverage is needed.

Analysis of the data in the field is a major advantage of USRADS over conventional geophysical
surveys. As the surveyor walks the property, an ultrasonic crystal in the surveyor's backpack is
pulsed each second and the data from the survey instrument are transmitted to the computer by
radio. Each second, the conr atei reads the time-of-flight data from stationary receivers,
triangulates the surveyor's loca ion plots the surveyor's location on the computer screen, and
stores all raw data. By plotting ttie surveyor's location each second, the computer operator can
view the surveyor's coverage of the property at any time during the survey. In addition to plotting
the surveyor location, the computer highlights any data point that exceeds a threshold entered by
the operator, so that any areas of concern are identified on the display, to ensure that sufficient data
have been obtained to characterize that area.

System Hardware

The USRAD system consists of one surveyor's backpack, fifteen stationary receivers, a master
receiver, custom computer interface and counter timer module, a personal computer, and a vehicle
to transport this equipment (Figure 3).
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LOCATING THE SURVEYOR 8Y TRIANQUUTION

\

Figure 2. USRADS locates the surveyor using ultrasonics.

Figure 3. USRADS/EM31: Portable computer, master receiver, stationary
receivers (on tailgate); backpack and handheld tenninal (being adjusted);

HM31 terrain conductivity meter (on ground).
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The backpack contains the interface circuitry to receive the signal from the field instrument,
(presently a portable gamma detector), an ultrasonic transmitter and radio frequency equipment to
establish a bi-directional communication link with a computer mounted in the trailer. The
ultrasonic transmitter is a lead-zirconate-titanate crystal that is in the form of a circular cylinder with
a hollow core. The crystal dimensions are 2.2 in. in diameter and 1.445 in. in height. This
crystalline material and its dimension result in a natural resonating frequency of 19.5 kHz. The
crystal is pulsed for 10 msec each second as the data from the portable survey instrument are
transmitted to the computer via the radio telemetry link. If the computer detects any problems,
either with the data or in determining the surveyor's location, a message is transmitted to the
surveyor and displayed on the handheld terminal to alert the surveyor of the malfunction. The
backpack can be operated for a normal eight-hour day from a rechargeable gel-cell.

The stationary receivers contain an ultrasonic receiver and a radio transmitter. The dimensions of
the metal box that houses the ultrasonic receiver card, transmitter card, and rechargeable gel-cell
battery pack are 10x10x15 cm. Each stationary receiver has a unique radio frequency so that the
master receiver can identify which stationary receivers heard an ultrasonic signal. The master
receiver therefore contains 15 radio receivers, one for each stationary receiver, and a receiver and
transmitter for communication with the backpack. Both the master receiver and the computer are
powered by a gasoline-operated generator also carried in the trailer.

System Software

A digitized schematic drawing of the property can be stored in the computer prior to the survey
using AutoCAD. The survey data are added to this information. The property schematic is
displayed on the computer's monitor. As the surveyor traverses the property, his past and present
position are displayed to denote the completeness of coverage by the surveyor. During the survey,
the software checks incoming information and alerts the surveyor (via the backpack terminal) if
errors are detected either in the survey data or position data. To ensure data integrity, all data are
stored on the hard disk every 30 seconds.

On-site data reduction is accomplished by several software packages. USRADS enables the
surveyor to analyze the survey data to ensure sufficient data is obtained to characterize the property
before leaving the site. The surveyor can view the data in a number of different graphical formats
as well as obtain summary reports. The graphical formats supported by the USRADS are Replay,
Block Statistics, Contour, and 3-D plots of the radiation data. The Replay program will generate
the same display that the surveyor viewed when the survey of the property was completed. The
data are replayed in the same order as the data were taken. The Block Statistics routine enables the
operator to select a grid block size and have the data analyzed for each block. If the mean of the
data for a particular grid block is greater than the operator-entered threshold, then that block is
highlighted on the CRT, and the statistical information for that grid block are stored in the
summary report. Raw data are converted to appropriate units and displayed or printed out in
tabular or graphical format. By indicating preset thresholds, areas of contamination can be
identified and vital statistics can be calculated (area size, number of measurements, measurement
range, average and standard deviation). Graphical representations are made in two- and three-
dimensional display. The Contour routine generates a summary report and outlines the areas that
exceeded the user input threshold. The 3-D plot generates two different views of the data and
provides a means by which the surveyor can view the entire data obtained during the survey.
Information displayed in the field is output directly into a report-ready format
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Procedure

GENERAL PROCEDURE

The USRADS/EM31 data collections procedure is described in the Procedure Manual written by
Chemrad Tennessee Corporation. The following is a brief summary.

First, the EM31 is taken through the battery check and calibration check procedures described in
the manufacturer's operations manual.

Second, the EM31 is connected to the USRADS backpack and a the USRADS program CHECK
EQUIPMENT is run to verify that the USRADS backpack is functioning correctly and that the
EM31 instrument reading is the same as the reading being logged by the computer.

Third, before the EM31 operator can begin surveying the stationary receivers that pick up the
ultrasonic pulse from the backpack must be deployed. Because system setup takes about 30
minutes, when surveying a multiple acre site it is normal to space the receivers to provide coverage
over as large an area as possible. The rule of thumb is to place the receivers where the surveyor
will always be within 200 ft of at least two of them. With the USRAD system up to IS receivers
can be deployed, so a single setup can provide coverage of several acres.

Fourth, the distance between two of the stationary receivers is measured with a tape measure. This
distance is used to compute the local speed of sound (a function of temperature and atmospheric
pressure), and is the baseline used to scale all subsequent distance calculations. If there are any
benchmarks such as surveyor stakes, wells, signposts, etc., then a stationary receiver is placed
over the benchmark so that the USRADS coordinates (all computed relative to the two baseline
stationary receivers) can later be translated and rotated to agree with the plant coordinate system.

Fifth, the USRADS backpack is connected to a special ultrasonic crystal assembly called the "top
hat" which is placed in turn on each of the stationary receivers and pulsed for 30 seconds. While
the top hat is on one receiver the USRADS computer records the ultrasonic travel time to all the
other receivers. In this fashion a matrix of inter-receiver travel times is constructed, which, by
using the baseline calibration distance, is converted into receiver locations by the computer.

Sixth, once the stationary receivers positions have been established, the EM31 is connected to the
backpack and the one person walks the site with the EM31 (Figure 4) while the other monitors his
position and instrument readings as they are displayed in real-time on the computer monitors.

Seventh, and finally, the EM31 is disconnected and the backpack operator walks the perimeter of
objects (wells, fences, buildings, etc.) whose location is important for data interpretation or that
might assist in establishing survey boundaries (roads, telephone poles, streams, etc.).

Data Collection at the Burial Ground

The burial ground t Ian shows three waste pits and five trenches. Three setups were required to
cover the burial ground, and six data files were generated: blocks A.C.and E contains the EM31
data, whereas blocks B, D, and F contain object locations as described in step seven above. The
track maps (Figures 5 and 6) show the locations of the EM31 measurement points. The surveyor's
path meanders slightly; a consequence of trying to walk a rectangular grid with sparse survey
markers. The coverage is so dense, however, that there are no large data gaps.
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Figure 4. One of the authors (Jon Nyquist) collecting data at
Solid Waste Area 4 using USRADS.

+

j

-

© *+

-X;

* * i

©, 1 1p
®,

4.

^ :

!• ® -

•

®. '

Figures S and 6. Nonheast-southwes: and northwest-southeast
Track Maps. Each dot is a measurement point.
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Data was collected with the EM31 boom set in vertical dipole mode with the instrurr ;m suspended
approximately 1 m above the ground. The boom was oriented perpendicular to the operator's
walking path (broadside).

Before the EM work began, surveyors placed wooden stakes on a 100 ft grid separation.
Translation from coordinates relative to the IISRADS baseline receivers to the site grid coordinates
was made by locating stationary receivers over these stakes whenever possible. Thus the stake
positions were recorded in the local coordinate system used by USRADS during the surveys and
were used to translate and rotate the data blocks into the site grid coordinates as part of the data
processing.

The sharpest peak results when EM data is collected along a traverse perpendicular to the trench
axis. When the orientation of the trenches is not known in advance, it pays to collect two
orthogonal data sets. At the burial ground we collected data along Northwest-Southeast (Figure 5)
and Northeast-Southwest (Figure 6) walking paths, parallel and perpendicular to the trenches as
shown on the burial ground plans.

As described in step seven above, we used USRADS to map features useful for data interpretation,
including: piezometers, metal "stove" pipes protruding from the ground, the auger hole area, and
the nearby din road.

Results and Discussion

SITE DATA

The data from the two orthogonal traverse directions were separately interpolated onto a rectangular
grid (5 ft spacing) and contoured using the program Surfer (Golden Software) using a kriging
algorithm to perform the interpolation, and assuming a linear variogram. The grid cells were
"blanked" when there was no data point within the search radius of 20 ft (the contours do not
extend into blanked areas). Usually die choice of interpolation algorithm has a strong affect on the
interpolation values, but with USRADS the d?*a coverage is so tight, and the interpolation
distances so small (generally 5 ft or less), that kriging, inverse distance squared, even linear
interpolation, all yield similar contours.

At the burial ground the inphase and quadrature data correlated well and both show anomalous
boundaries that agree well with drawings showing the locations of the waste areas (Figures 7,8,9
and 10). The exception is the region at roughly W5500, S21900. Although the drawings show a
burial pit, the EM anomaly is relatively weak. Apparently there was not much metal buried in that
pit, or perhaps it was buried deeper. Also note that the EM anomalies extend beyond the mapped
pit boundaries to the northwest. We measured anomalous EM response right up to the edge of the
cleared area.

Plots of both the quadrature and inphase data show a wide distribution of anomaly size and shapes
-- not surprising for a burial ground There is probably a slight difference between the electrical
conductivity of the burial ground backfill soil and the surrounding undisturbed soil, but
undoubtedly all of the anomalies greater than a few mmhos/m (quadrature data) or a few parts per
thousand (inphase data) were created by buried metal objects. It is important to remember that the
EM31 's signd falls off fairly rapidly with depth; as a rule of thumb, only objects in the top 18 feet
will be detected.
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Figures 7 & 8. Quadrature and inphase data for the NE-SW track. (Top Figures)
Figures 9 & 10. Quadrature and inphase data for the NW-SE track. (Bottom Figures)
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Case History 1 Conclusions

Anomalous conductivity areas mapped with high-resolution electromagnetic survey at the burial
ground, site plant, a-jree well with the burial ground maps showing the locations of the waste piw
and (reaches.

BURIAL GROUND BOUNDARIES AND WELL DRILLING

The quadrature data from the NW-SE traverses appears to show the overall boundaries of the
burial areas the best (Figure 9). When the contours are superimposed on the site map (Figure 11)
the boundaries of the EM anomalies and the burial plan agree well.

Figure 11. The contours of the quadrature data based on the NW-SE
profiles (Figure 9) superimposed on the site map.

The exception is that the EM anomalies extend to the northwest beyond the diagrammed waste pit
boundaries and into the woods where we rverc unable to survey. The boundary between the
anomalous area (tightly clustered contour lines) ana background is abrupt, and it should be
possible io drill monitoring wells safely within 10-29 ft of the waste areas. Attempting to drill
wells between the trenches would be too ambitious, however, as the trench separation is too small
to resolve accurately with the EM31.

SUBSEQUENT GEOPHYSICAL SURVEYS

Almost certainly any subsequent geophysical survey will consist of either a series of linear
traverses of the site, or a much larger grid spacing. Taking advantage of the extremely tight
coverage, the £M31AJSRADS data can be used to plan these surveys. Ground penetnting radar
data, for example, is generally collected along linear profiles. It would be interesting to compare
radar data from lines in areas with different anomaly distributions and strengths.
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CASE HISTORY 2. MAPPING UNEXPLODED ORDNANCE
AT A SUSPECT IMPACT AREA

Introduction

From December 9, 1991 through December 20, 1991, Chemrud Tennessee Corporation and
EODT Services conducted UltraSonic Ranging And Data System/UneXploded Ordnance
(USRADS/UXO) surveys at the firing range impact area of an arsenal. During this period 2
surveys were conducted in two separate areas totaling approximately 24.5 acres.

Only a portion of one of the two areas is described here to illustrate the application and to keep the
site anonymous. The topography consisted of grass covered flat terrain except for approximately
three acres of woods.

Purpose of Investigation

The USRADS/UXO surveys were conducted to map magnetic anomalies remaining in areas that
could be indicative of subsurface UXO. This information will be used to aid in the selection of a
construction site, ideally in an area with the least subsurface UXO thereby minimizing any
remediation costs.

Equipment

The USRADS/UXO system utilizes a Model GA-52C Magnetic Locator manufactured by the
Schonstedt Instrument Company. The GA-52C is interfaced to the USRADS system for the
detection and mapping of magnetic anomalies.

SCHONSTEDT MODEL G A-52C MAGNETIC LOCATOR

The flux-gate magnetometer produced by the Schonstedt Instrument Company utilizes two sensors
spaced about 20 inches apart for detecting changes in the earth's magnetic field. The instrument
responds to the difference in the magnetic field by producing a change in the frequency emitted
from the instrument via a loudspeaker. The instrument normally idles at an output frequency of
approximately 40 Hz. When a difference in the field is detected by the sensors, the output
frequency is increased. This output signal has been interfaced to USRADS so that the changes can
be correlated to X,Y location.

ULTRASONIC RANGING AND DATA SYSTEM (USRADS)

Refer to the Equipment section in Case History 1.

Remarks on USRADS/UXO Data Interpretation

The survey objectives and response characteristics of the GA-52C set the limits of the survey
protocol. For this effort the survey protocol was established to identify only fairly large objects
(larger than hand grenades) in the near surface (first 12 inches of soil). A larger source at a greater
distance could have a similar magnetic field strength at the surface. No effort was made to discern
the size or depth of the anomalies.
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The surveys were conducted by walking forward at approximately 2 feet per second while slowly
swinging ;he GA-52C from side to side in from of the surveyor, covering a width of
approximately 5 feet. Adjacent paths were at 5 feet separation distance.

The GA-52C magnetic field reading was recorded each 200 milliseconds. This rate of data
coUection was selected to investigate the usefulness of ratc-of-change of the magnetic field
strength. This determination is awaiting ground truthing for the identified anomalies.

Procedure

GENERAL PROCEDURE

Operation of the GA-52C with USRADS is almost identical to that of the EM-31 with USRADS.
Refer to the Procedure section in Case History 1.

Data CoUection at the Impact Area

A 200 foot grid was stacked across the site to create a series of survey grids. USRADS stationary
receivers were placed over the grid nodes to provide data translation to the site features and to
accommodate the consolidation of data from adjacent grids (Figure 12).

E0 El

Cl

USRADS/UXO SURVEY
APG & EDGEWOOD ARSENAL
CHEMICAL AGENT STORAGE AREA

CONDUCTED BY: EOOT SERVICES & CHEMRAD
DATES 9-12 OEC 1991

hCATINC Oft.

GRIDS SIZE
200' X 200'

Figure 12. Site Features Map generated with USRADS.
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Once USRADS was set up on a survey grid, the instrument response was measured relative to a
known reference. Data was automatically eollccwd as the surveyor walked across the grid, slowly
moving the GA-52C from side to side in front of his path. Track maps (Figure 13) show the path
f the surveyor, updated each second, as indicated in real-time on the computer display.

US=UOS •.6 0 S.lr M>GM Time 13 »!.«« 12/09/91

-es - J 15 SS « 11 1*1
Track Mop mognttlc ThwthaM: 100

Figure 13. Track Maps of the findings in Grid Al.

Next, site features were mapped to provide accurate information regarding surface features that
could contribute to the magnetic anomalies.

Results and Discussion

IMPACT AREA DATA

The graphical presentation of the data consists of Track Maps, multilevel contoun and a three
dimensional plot with multilevel contours plotted above the three dimensional plots so that both the
magnitude or the magnetic anomaly in the X,Y plane can be viewed simultaneously. In addition to
the graphical presentation of the data for each survey grid, the data for each area has been
consolidated into single images showing the entire area. During the survey, the USRADS/UXO
system was used to produce Feature Maps of each area. The features maps are used to document
the location of landmarks or site characteristics contained within the survey areas mat can aid in the
interpretation of the data. Track Maps (Figure 13) are provided for each of the survey grids and are
used to document the surveyor's location and the relative magnitude of the signal from the survey
instrument. Each dot of highlighted symbol indicates the location of a data point The difference
between a dot and a highlighted symbol is that the magnitude of die survey instrument exceeded the
threshold listed at the bottom of each plot. The Track Map serves to show and document the extent
of survey coverage as well as to indicate die intensity of the instrument readings by X,Y location.
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CAST GRID A)

Figure 14. Contour map of Grid Al superimposed on the Site Features Map.

The multilevel contours and the two over three-dimensional plots (Figure 15) are provided for each
of the survey grids. The multilevel contour provides a means to identify the location and relative
intensity of magnetic anomalies without viewing every data point collected by the surveyor as
shown by the Track Maps The multilevel contours were compiled on a survey grid by survey grid
basis. The two over three-dimensional plots provide another means of viewing the data set for each
survey grid by providing both a three-dimensional plot to illustrate the magnitude of the magnetic
signal and by placing the multilevel contour above the three-dimensional plot helps identify their
location in the X,Y plane.

CASY GRID Al

Figure IS. 2D over 3D map of Grid Al.
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The survey data collected for each site has been consolidated to provide an overall image. The
consolidated images are presented in both the multilevel contour format (Figuie 16) and a three-
dimensional plot (Figure 17). The three-dimensional plots display the range and location of the
detector signal over the entire survey area.

Figure 16. Consolidated Contour Map of USRADS/UXO sirvey in the
CAS Y area of Aberdeen Proving Ground.

Figure 17. Consolidated 3D Map of USRADS/UXO survey in the CASY
area of Aberdeen Proving Ground.
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Case History 2 Conclusions

From the consolidated color contour map, it is evident that the central regions of grids B1 and B2
have the least amount (considering number and cross-sectional area) of apparent magnetic
anomalies, compared to the other grids on this map. While the middle section of grid B2 is
relatively clean, there are several significant findings along the upper and lower boundaries that are
not associated with any apparent site features. Significant findings in several other grids can be
attributed in part to site features (roadways, utilities, and structures). Several significant anomalies
in grids Al, A2, A3, A4, B3, B4, C2, C3, and C4 cannot be contributed to site features. The
large anomaly in the upper right-hand corner of grid C4 extending into grid B4 is a waste disposal
trench, as evidenced by a corresponding sinkage in the area which has exposed several drums.

It appears that the central area of Bl and B2, from 140,220 to 340,320, would provide a
construction site approximately 200 feet by 100 feet with the least remediation costs prior to
construction, with only one significant finding shown.

OVERALL CONCLUSION

USRADS has been successfully combined with a number of different geophysical instruments for
use in site characterization. The resultant benefits include:

1. automatic positioning accuracy to +/- IS centimeters updated each second for data location
and survey documentation,

2. the application of different sensors for geophysical surveys,
3. real-time display and automatic recording of position and sensor data,
4. elimination of physical and mental fatigue resulting from exhaustive survey protocols,
5. elimination of errors in positioning and recording, and
6. extraordinary data density that precludes the dependence on interpolation and extrapolation of

limited data sets.
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DISCLAIMER

Thii report wis prepared as an acoount of work sponsored by an agency of the United Statei
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any Segal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or aay agency thereof.
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