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ABSTRACT

Burial site characterization is an important first step
in the restoration of subsurface disposal sites.
Testing and demonstration of technology for remote
buried waste site characterization were performed at
the Idaho National Engineering Laboratory (INEL)
by a team from five U.S. Department of Energy
(DOE) laboratories. The U.S. Army's Soldier Robot
Interface Project (SRTP) vehicle, on loan to the Oak
Ridge National Laboratory (ORNL), was used as a
remotely operated sensor platform. The SRIP was
equipped with an array of sensors including terrain
conductivity meter, magnetometer, ground-
penetrating radar (GPR), organic vapor detector,
gamma-based radar detector, and spectrum analyzer.
The testing and demonstration were successfully
completed and provided direction for future work
in buried waste site characterization.

INTRODUCTION

Across the DOE complex are hundreds of acres
of landfill waste stcrage areas, some of which will
require remediation during the coming decades.
These waste storage areas contain millions of cubic
feet of radioactive! y contaminated materials and
hazardous substances. Mixed in with the low-level
radioactive waste from production and research
facilities are hazardous chemicals, pyrophorics,
explosives, and some high-level radioactive waste.
Though many drums and box containers were
buried in orderly stacks, a large volume of
unpackaged materials and many large heavy pieces
of equipment were also buried. Most of the packages
have been buried for periods that exceed the design
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life of the packages. Natural phenomena like floods
and terrain subsidence have also moved buried
materials and shifted trench boundaries. The result
is a number of waste storage areas containing a wide
range of potential hazards, with little information
on the specific location of particular items. Because
of the potential hazard levels for the buried
materials, it is highiy desirable to perform
characterization and remediation operations
remotely. Also, because of the large volumes of
waste that must be processed, it is desirable to
introduce automated remote operations wherever
practical. The application of robotic systems to
remediation of landfill buried waste offers
opportunities for safer, faster, and cheaper solutions
over the duration of these massive cleanup projects.
Because INEL has one of the largest volumes of
buried waste in the DOP. complex, that site has been
assigned lead responsibility for coordination of
relevant environmental restoration and waste
management (ER&WM) robotics technology
development.

A team composed of members from five DOE
laboratories participated in the testing and
demonstrations performed for the Buried Waste
Robotics Program (BWRP). [The BWRP has been
formed in support of the Robotics Technology
Development Program (RTDP) under the direction
of DOE's Office of Technology Development.] These
organizations are:

•Idaho National Engineering Laboratory (INEL),
EG&G Idaho, Inc., and
Westinghouse Idaho Nuclear Company, Inc. (WINCO);

•Oak Ridge National Laboratory (ORNL);

•Lawrence Livermore National Laboratories (LLNL);

•Pacific Northwest Laboratories (PNL); and

•Sandia National Laboratories (SNL).



The objective was to identify, develop, and
demonstrate robotic technologies that will support
environmental remediation of buried waste,
including all forms of subsurface contamination—
waste disposed of in pits and trenches, waste stored
on pads and covered with soil, contaminated soil,
and underground piping. The technology
developed under the BWRP will allow operations
personnel to perform their work functions while
removed from the hazardous environment. The
technology is expected to be applicable to multiple
sites, resulting in lower life-cycle costs.

This paper discusses one of the projects
performed as part of the BWRP, the buried waste
characterization project. This project has been
undertaken to develop and demonstrate the
capability to remotely perform geophysical surveys
of buried waste sites. Current noninvasive
subsurface mapping techniques are labor-intensive
and time-consuming. The subsurface mapping
project is studying current state-of-the-art robotic
technologies to reduce th~ time required to perform
subsurface mapping. The applied technologies
allow improved data quality through automated
data acquisition at a higher rate than typical manual
operations. The technology demonstrated through
this task will be applicable to various buried waste
sites.

An initial demonstration of remote buried
waste characterization was performed in 1990 at
ORNL.1-2 That demonstration used the U.S. Army's
SRIP testbed to examine- the feasibility of remote
characterization. The results of that demonstration
showed that remote characterization was indeed
feasible and that further development was merited.

A series of tests and demonstrations were
performed this summer on waste pits buried at
INEL and underground piping at the Idaho
Chemical Processing Plant (ICPP). The focus of these
tests was the integration of multiple sensors on a
single platform to provide input for program
direction and further development. The objective
of using multiple sensors in a remote operation is to
get better data safer; faster; and, ultimately, cheaper.
This testing represented the first attempt to remotely
deploy multiple sensors for subsurface
characterization.

Although the areas surveyed at INEL did not
require that the mapping be performed remotely, a
remotely operated platform was used to
demonstrate the technology necessary at other DOE
locations. The sensors applied to this effort were
readily available, off-the-shelf technology mounted

on a vehicle that was also readily available,
although it was not compatible with all the sensors
used.

HARDWARE AND SENSORS

An existing vehicle, developed jointly by the
U.S. Army's Human Engineering Laboratory,
ORNL, and Tooele Army Depot for the U.S. Army's
SRIP was used for the demonstration. The SRIP
vehicle (Fig. 1) was developed as a research testbed
used for studying mobile manipulation with respect
to military applications. The vehicle is an eight-
wheeled, skid-steered, utility vehicle powered by a
15-hp diesel engine; it was modified extensively
from its purchased configuration to accommodate
the addition of a manipulator and the onboard
electronics required for remote operation as a
research testbed. Since it serves as a research
vehicle, an onboard power conversion system with
110-V ac and a number of dc voltages is available.
The vehicle control system is implemented on VME
busses (two onboard and a third at the control
station) using Motorola 68020 processors. The
vehicle is equipped with a radio-frequency (rf)
communications link.

ORNL's ultrasonic ranging and data system
(USRADS) was used to determine xy-position on the
test site and to transmit sensor data by radio to the
USRADS control station.3-4 The USRADS system
was developed to facilitate the collection of
radiological and geophysical data at hazardous waste
sites. USRADS consists of an on-board module with
an ultrasonic transmitter and instrumentation
interfaces plus a portable computer (PC) with an rf
link to the on-board module and up to 15 stationary
ultrasonic receivers. An ultrasonic signal emitted by
the on-board module triggers the receivers to send a
radio signal to the PC indicating reception of the
signal. The time-of-flight data from the receivers is
used to determine the position of the vehicle, which
is correlated with the sensor data transmitted from
the on-board module. A real-time plot showing the
position of the receivers and the vehicle is displayed
on the PC screen. Sensor readings above a
predetermined threshold are highlighted on the
screen in real time.

As previously stated, one of the primary
objectives was to evaluate the effectiveness of using
multiple sensors for remote characterization. The
vehicle was equipped with subsurface geophysical
sensors and sensors for detecting surface radiation
and organic vapors. The sensors, the information
that was obtained from them, and how the data was
displayed are summarized in Tabie I.



Fig.1. SRIF Vehicle with Instrumentation

Table 1. Remote Chaiacterization Sensors

Sensor
Ground Penetrating Radar

Terrain Conductivity Meter

Magnetometer
Gamma-based Spectrum Analyzer
Fhotoionization Organic Vapor Sensor
Nal Gamma Detector

Information Obtained
Reflections from subsurface

anomalies
Indication of subsurface

anomalies
Presence of ferrous material
Indication of specific isotopes
Presence of organic vapors
Presence of gamma radiation

Data Display
Postprocessing required

Seal time and contours with
postprocessing

Postprocessing required
Postprocessing required
Postprocessing required
Real time



The information obtained from the mapping
demonstration was displayed in real time on an
operator's monitor and recorded for postprocessing
and future reference. The display indicated areas of
increased interest, thus allowing the operator to
slow the platform or return to the area of interest for
more detailed surveying. Figure 2 shows EM-3I
data taken from the real-time display screen.

SURVEY RESULTS

As shown in Table 1, the vehicle was equipped
with GPR, a terrain conductivity meter (EM-31), a
magnetometer, a sodium-iodide gamma nucleonics
detector, and a photoionization organics detector.
After integration of the components, the system was
deployed in three locations at INEL: (1) the Cold Test
Pit (CTP); (2) Pit 9 of the Subsurface Disposal Area,
both located at the INEL's Radioactive Waste
Management Complex; and (3) the ICPP.

Both the quadrature and in-phase components
of the EM-31 data showed anomalies at the sites
:ested that correspond closely with anomalies
measured by conventional means, but with a
slightly higher noise level because of the presence of
ihe vehicle. The data can be used to locate metallic
objects and estimate pit boundaries with resolution
that is comparable to conventionally collected data.

A schematic showing the contents of the CTP is
shown in Fig. 3. Robotic and conventionally
collected EM-31 data are shown in Fig. 4 (quadrature
component) and Fig. 5 (in-phase component). The
SRIP data show the same configuration of
anomalies as the conventional data, though noise
levels for the SRIP data are slightly higher.

EM-31 data were improved during the testing
process by using a strategy for correcting time-lag
errors based on instrument response curves,
eliminating errors caused by offset between the
EM-31 and the USRADS ultrasonic crystal, and
compensating the in-phase data to account for the
effect of the conductive vehicle during calibration
procedures. Quadrature data could not be
compensated to account for the effect of the vehicle.
It is conceivable that the amount of bias could be
determined by a calibration procedure in an area of
known conductivity. The bias could then be
removed, thereby yielding quadrature data that were
directly related to ground conductivity.

Despite the higher noise level observed in the
SRIP collected EM-31 data, the general configuration
of anomalies was quite similar to the anomalies
observed in the conventional data. From a practical

standpoint, it seems probable that large areas of
buried metallic waste could be detected and located
by a SRIF survey. In the case of a pit filled with
metallic waste, the pit boundaries could be
reasonably estimated. However, detailed anomaly
analysis, such as resolving closely spaced objects or
estimating depths, which are difficult with noise-
free data, would be more difficult with the SRIP
data.

The GPR was not able to detect any subsurface
anomalies at the sites tested. The primary cause for
this lack of performance is believed to be the type of
soil at INEL. The operation of the GPR was not
affected by the remotely operated vehicle and would
provide valuable information at a more suitable
location. Several GPR antennae were used without
success in an attempt to obtain better data.

No useful data were collected by the
magnetometer because of magnetic interference
from the vehicle and the fundamental limitations
of the magnetometer.

The gamma nucleonics detector found no
radiological waste at the CTP; however, it easily
detected the natural thorium series and potassium
radionuclides and trace cesium. Comparisons with
earlier manual measurements indicated no
significant data error caused by operation on the
vehicle.

There was no evidence of surface-evolving
organics sensitive to photo-ionization detection.
Manual measurement comparisons indicated that
the data were not compromised by mounting the
sensors on the vehicle.

RECOMMENDATIONS

The primary goal of the project was not the
collection of data, but rather a better understanding
of the functional and operational requirements of
remote characterization using multiple sensors
simultaneously. The collection of data from
multiple sensors was found to be an efficient means
for collecting site data. The high data acquisition
rates that are possible using a remote vehicle
constitute a significant advantage over conventional
surveying. Only the magnetometer was adversely
affected by deployment on the vehicle.

Recommendations based on experience gained
at INEL include using a vehicle thai is more
appropriate for the specific task. Vehicles for this
application should have a low magnetic signature
and _>e easily transportable, highly reliable, and



Fig. 2. Three-Dimensional Plot of EM-31 Data
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Fig. 3. Schematic of INEL Cold Test Pit
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Fig. 4. EM-31 Quadrature Data From the Cold Test Pit
(a) SRIP and (b) Conventional

Dots show data points. Counter interval = 5mmhos/meter.

mobile. Additional work in improving sensor
response time and integration is also desirable.
Integrated real-time display of data from all the
sensors will allow for on-the-fly identification of
regions of interest for further evaluation.

FUTURE DEVELOPMENT

The results of the INEL testing and
demonstration are affecting the continuing efforts in
buried waste site characterization. Work has started
for the development of a Remote Characterization
System (RCS), which will feature multiple sensors
and a platform design that minimizes effects on
sensor performance and operator control station,
navigation, and communications subsystems that
will be useable with other remote vehicle
applications within the RTDP. Real-time display of
integrated data will also be incorporated into the
control station design. The RCS will be used for
future buried waste site characterization studies at
various sites throughout the DOE complex.

SUMMARY

Testing and demonstration of remote buried
waste site characterization were performed at INEL
using the SRIP vehicle and an array of subsurface,
nuclear, and chemical sensors. Emphasis was on
testing and demonstrating remote buried waste
characterization using multiple sensors. The results
of the testing were encouraging and are being used
to plan the direction of future buried waste
characterization efforts. Specifically, GPR data and
magnetometer data were of limited value due to
INEL soil conditions and the close proximity of the
SRIP vehicle, respectively. The EM-31 * terrain
conductivity data were much better than anticipated
and corresponded closely with EM-31 data taken
during manual surveys. Nuclear and chemical
sensors picked up no sources, as expected.
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Fig. 5. EM-31 Inphase Data From the Cold Test Pit
(a) SRiP and (b) Conventional

Dots show data points. Counter interval = 5 (unitless).

Efforts are under way to develop a RCS which
will feature multiple sensors, a platform design that
minimizes effects on sensor performance, modular
and reusable subsystems, and integrated real-time
data display. This effort is being driven by the
lessons learned during the testing at INEL. Initial
testing of the RCS is tentatively scheduled for
August 1992.

The ultimate goal of all this effort is to provide a
way to conduct buried waste site characterizations
that is safer, faster, and cheaper than current
methods.
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