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Development of a Teleoperated Backhoe for Buried Waste Excavation

B. L. Burks, S. M. Killough, and D. H. Thompson
Oak Ridge National Laboratory

INTRODUCTION

For nearly five decades the United States (U.S.) Department of Energy (DOE)
and its predecessor agencies have engaged in broad-based research and
development activities as well as nuclear weapons component production.
As a by-product of these activities, large quantities of waste materials have
been generated. One of the most common approaches used for solid waste
storage was to bury waste containers in pits and trenches. With the current
emphasis on environmental restoration, DOE now plans to either retrieve
much of the legacy of buried waste or stabilize the waste in place via in situ
vitrification or other means. Because of the variety of materials that have
been buried over the years, the hazards of retrieval are significant if
performed using conventional manned operations. The potential hazards, in
addition to radiation exposure, include pyrophorics, toxic chemicals, and
explosives. Although manifests exist for much of the buried waste, these
records are often incomplete compared to today's requirements. Because of
the potential hazards and uncertainty about waste contents and container
integrity, it is highly desirable to excavate these wastes using remotely
operated equipment. In this paper the authors describe the development of a
teleoperated military tractor called the Small Emplacement Excavator (SEE).

Development of the SEE is being funded jointly by both DOE and the U.S.
Army. The DOE sponsor is the Office of Technology Development (OTD)
Robotics Program. The U.S. Army sponsor is the Program Manager for
Ammunition Logistics (PM-AMMOLOG), Picatinny Arsenal. The primary
interest for DOE is in the application to remote excavation of buried waste,
while the primary emphasis for the U.S. Army is in the remote retrieval of
unexploded ordnance. Technical requirements for these two tasks are very
similar and, therefore, justify a joint development project.

SYSTEM DESCRIPTION

The SEE was chosen as the development vehicle for this project because it is a
commercially available system already supported by the U.S. Army with
hundreds of units in service throughout the world. The goal of the project is



to demonstrate the feasibility of retrofitting commercial equipment to achieve
high-performance remote operations. The SEE is not necessarily the
excavator of choice for large scale waste retrieval campaigns. However, the
controls technology developed for the SEE shall be readily portable to other
mechanical systems.

The SEE has a backhoe on the back and a front-end loader on the front as
shown in Fig. 1. The vehicle was developed by Freightliner for the U.S. Army
for multipurpose use including unexploded ordinance retrieval. The
backhoe is an adaptation of the Case 580E commercial backhoe, while the
vehicle is a modified Mercedes Benz Unimog truck. A block diagram of the
Oak Ridge National Laboratory (ORNL) modifications are shown in Fig. 2.
Alterations to the vehicle center around modifying the hydraulic systems for
computer control. High-performance servovalve components will be used to
greatly improve the dexterity over the existing manual valves. Hydraulic
pressure sensors will provide limited indications of force exerted by the
backhoe. The backhoe and front-end loader will also be outfitted with
position encoders for use in robotic operations.

In the second phase of the project, the vehicle drive system will be modified
for remote driving. Only manual transmissions are available for the SEE,
therefore a hydraulic motor system will be developed for propelling the
vehicle during remote driving operations. Options for remote controlled
steering are still being investigated. Additional sensors are being considered
for enhancing excavation operations such as metal detectors, radiation
meters, and chemical gas samplers. These sensors will help reduce damage to
buried containers during uncovering operations and will update the site
characterization during excavation.

The computer system is an adaptation of an industrial design that is being
commonly used within DOE for OTD Robotics Program projects. The basic
system is comprised of a Sun workstation host networked to a VME-based
Motorola 68030 target computer running the VxWorks operating system.
VME-based computer systems are very powerful and flexible because of the
wide variety of industrial I/O and powerful single board computers available.

The communications system between the vehicle and base station consists of
two microwave video channels and an ethernet data radio. The data radio is
a sophisticated spread spectrum ethernet packet radio made by Telesystems.
Transparent operation of the ethernet radio enables flexible operation for the
computer system. For U.S. Army applications, where a secure
communication channel may be required, a fiber-optic bundle will be utilized.
All computer programs can be downloaded through the radio, thus requiring
no software storage on the vehicle. Software management can then be
performed solely on the workstation embedded in the console. The high-



data rate (one megabaud) also permits servo-loop control through the radio
link.

Software development is being coordinated with other participants in the
OTD Robotics Program to enable synergistic operation of the various
machines for restoration projects. Such coordination activities will, involve
sharing data between characterization and excavation operations, sharing of
computer and console resources to reduce expenses, and improving the
transferability of collected data and control system code.

Significant improvements to the human-machine interface will be featured
in the base station to incorporate the data available from characterization
activities and present available data from sensors on the vehicle. Computer
graphic interfaces will be used to display collected data and aid in vehicle
control by presenting vehicle status and position. The computer system will
also be used to log data collected during operations.

RESULTS

At this time, teleoperation of the backhoe is scheduled for demonstration in
October, 1992. This first phase will involve only remote operation of the
backhoe, the vehicle will still be manually driven to the worksite. The main
demonstration focus will be feasibility of remotely uncovering waste barrels
and digging up contaminated soil.

The second phase of development will be completed the summer of 1993 and
will involve remote driving and front-end loader operation. Demonstrations
are planned at both the Idaho National Engineering Laboratory, Idaho Falls,
Idaho, and the Fernald Environmental Management Project, Fernald, Ohio,
as part of OTD Integrated Demonstrations. Some of the anticipated results
that will appear during these demonstrations are: (1) more dexterous and
accurate excavation operations because of the extra sensors and computer
assists with decreased operator fatigue, and (2) improved operator safety.
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Fig. 1. Profile of the Small Emplacement Excavator.



TELEOPERATED
SMALL EMPLACEMENT EXCAVATOR

System

vrit
Computer

Eiectro-
hyaraulic

Servovaive

Hydraulic
Suooly

Moflif ication

W

Communication
System

Raato or Fiber Optic Link

Computer

General
Data video

Display

Fig. 2. Schematic of system components for the Teleoperated
Small Emplacement Excavator.


