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ABSTRACT 

An integrated technology demonstration was 
conducted by the Buried Waste Integrated Demon
stration (BWID) at the Idaho National Engineering 
Laboratory Cold Test Pit in the summer of 1993. This 
program and demonstration was sponsored by the U.S. 
Department of Energy Office of Technology Develop
ment. The demonstration included six technologies 
representing a synergistic system for the characterization 
and retrieval of a buried hazardous waste site. The 
integrated technology demonstration proved very 
successful and a summary of the technical accomplish
ments is presented. Upon completion of the integrated 
technology demonstration, cognizant program personnel 
participated in a lessons learned exercise. This exercise 
was conducted at the Simplot Decision Support Center 
at Idaho State University and lessons learned activity 
captured additional information relative to the integra
tion of technologies for demonstration purposes. This 
information will be used by BWID to enhance program 
planning and strengthen future technology demonstra
tions. 

I. INTRODUCTION 

are being transferred to the private sector for use 
nationally and internationally. 

During the summer of 1993, BWID successfully 
conducted an integrated series of technology demon
strations at the Idaho National Engineering Laboratory 
(INEL). The demonstrations were conducted at the 
Radioactive Waste Management Complex Cold Test Pit. 
The Cold Test Pit is a simulated buried waste site, 
which was designed and constructed to permit testing of 
innovative equipment in a nonhazardous, nonradioactive 
environment. In this environment, technical issues 
relative to the innovative technologies can be addressed 
without exposing personnel to the unknown hazards of 
a contaminated site. 

The integrated demonstration included the testing 
and evaluation of the following six technologies: the 
Rapid Geophysical Surveyor, the Remote Characteriza
tion System, the Remote Excavation System, the Con
tamination Control Unit, natural polysaccharide tech
nologies, and the Rapid Transuranic Monitoring Labo
ratory. 

II. INTEGRATED DEMONSTRATION 

The mission of the Buried Waste Integrated Dem
onstration (BWID), sponsored by U.S. Department of 
Energy (DOE) Office of Technology Development, is to 
support the applied research, development, demonstra
tion, and evaluation of a multitude of advanced technol
ogies. Technologies are integrated to form a compre
hensive system for the effective and efficient remediat
ion of buried waste. Technologies are identified and 
coordinated in support of the needs and objectives of 
the DOE Environmental Restoration and Waste 
Management programs. BWID works with universities 
and private industry to develop those technologies that 

During FY-93, BWID sponsored 14 field and 
laboratory-scale technology demonstrations in the arjas 
of site characterization, waste retrieval, containment, 
overburden removal, an ex situ thermal treatment. Six 
of these technologies were combined at the Cold Test 
Pit for an integrated demonstration as part of a systems 
approach to the characterization and retrieval of buried 
hazardous waste. The integrated technology demonstra
tion, which took place during May and June of 1993, 
included characterization, retrieval, and contamination 
control technologies. 
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The deployment of these six individual technologies 
into an integrated demonstration included coordination 
of resources and personnel from private industry, Oak 
Ridge National Laboratory, Pacific Northwest Laborato
ry, Sandia National Laboratories, Lawrence Livermore 
National Laboratory, Westinghouse Hanford Company, 
and the INEL. 

In the Characterization area, the manual Rapid 
Geophysical Surveyor (RGS) was demonstrated. The 
RGS is a hand-pushed, nonferrous vehicle that carries 
multiple cesium total field magnetometers, a data 
logger, and data storage hardware and software. Mag
netic data were collected and stored at user-specific 
intervals as close as 2 in. apart as the unit is pushed 
along survey profile lines. The resulting database was 
very high resolution. The RGS demonstrated technical 
value by performing geophysical surveys 30-300 times 
faster than hand-held instrument surveys and for a cost 
of 25 cents versus $5 per data point. The technology has 
since been implemented by Environmental Restoration 
and Waste Management organizations at the INEL and 
Los Alamos National Laboratory. The Department of 
Defense and commercial sites have also implemented 
the RGS. 

The Remote Characterization System (RCS) is a 
small, remotely controlled, wheeled vehicle that moves 
over a waste disposal site and transmits multiple sensor 
signals to a base station. The sensor array includes a 
magnetometer, photo ionization detector, radiation 
detector, electromagnetic induction detector, and 
ground-penetrating radar. Other sensors may be added 
to accommodate different waste stream situations. With 
its ability to simultaneously deliver several kinds of 
sensors, the RCS shortens the time needed for waste 
site characterization. Also, field personnel are not 
exposed to hazardous conditions during an RCS survey. 

The Remote Excavation System (RES) is a small, 
remotely controlled excavation vehicle tested for soil 
skimming and waste excavation. The RES incorporates 
advanced telerobotic and robotic excavation technolo
gies, and is equipped with a front-end loader, backhoe, 
and electronics for control and positioning. The system 
was tested for cut precision, amount of dust generated 
(potential for contamination spread), speed of oper
ation, and response of the robotic controls. The video 
subsystem, positioning equipment, and radio frequency 
link to the control station were also tested. All systems 
tested within required limits, and the RES will be used 
at the Oak Ridge National Laboratory for buried waste 
retrieval in FY-94. 

The Contamination Control Unit (CCU) is a 
trailer-mounted system developed to control dust 
generated during buried waste excavation and retrieval. 
The system can dispense dust control products, includ
ing chemical soil fixants and water mist, 100 ft from the 
trailer. The nuclear grade vacuum system removes dust 
and soil debris from equipment, assisting in decontami
nation. Following the successful demonstration, the 
CCU has been used by the Environmental Restoration 
Program at Hanford for a retrieval treatability study. 
The unit was also used by the INEL Environmental 
Restoration Program during a capping action at Experi
mental Breed Reactor 1 in which Wendon dust suppres
sant was sprayed on a contaminated soil site of about 
1.5 acres. 

For the Fixation of Soil Surface Contamination 
studies, various dust suppressants such as natural 
polysaccharide, potato starch, and beet starch were 
evaluated for their ability to control wind-blown con
taminated soil from excavation and cleanup sites. These 
produces are easily applied to areas where it is desirable 
to suppress dust generation and contamination spread 
without affecting subsequent soil treatment processes. 
The tests showed that natural polysaccharide are 
generally economically favorable to fix soil contaminants 
in soluble matrices. 

The Rapid Transuranic Monitoring Laboratory 
(RTML) is a mobile laboratory that can be set up at a 
waste excavation site to continuously monitor airborne 
transuranic (TRU) contamination and rapidly analyze 
soil, smear, and air filter samples for TRU isotopes and 
fission and activation products. The RTML is contained 
in two trailers, which are 8 x 24 ft and 8 x 48 ft in size. 
The smaller trailer houses a sample preparation labora
tory. The larger trailer contains (a) one terminal that 
controls and displays spectral data from four alpha 
continuous air monitors (CAMs), (b) two Ordela large-
area ionization chamber alpha spectrometers, (c) one 
thin-window gamma ray spectrometer and automatic 
sample changer, (d) one VAX 4000 model 100 comput
er, and (e) computer terminals and printers used to 
display and generate reports of analysis results. The unit 
can process over 100 samples per day of soils, filters, 
and smears in a field setting. The large ionization 
spectrometer processed 33 soil samples per day at 
20 pCi/g (alpha) and 1-5 pCi/g (gamma). Simultaneous
ly, the alpha CAMs analyzed air quality continuously at 
1 DAC per hour. The RTML is being used for analysis 
of sitewide soil samples at the INEL. 



III. LESSONS LEARNED EXERCISE • Administrative 

The BWID integrated technology demonstration 
conducted during May and June of 1993 accomplished 
its objectives and was viewed as a complete success. 
Program management determined that future integrated 
demonstrations planned by the BWID for FY-95 would 
be enhanced and strengthened by capturing any lessons 
learned from the FY-93 activities. Upon completion of 
the technology demonstrations, a lessons learned exer
cise was conducted at the Simplot Decision Support 
Center (SDSC) at Idaho State University. 

The SDSC is a facility that uses both Group Deci
sion Support Tools and a new technology-based system 
called Electronic Technology for Collaborative Organi
zation Re-engineering and Paradigm change. The 
benefit of these tools is that they provide increased 
flexibility, power, and connectivity that encourages 
multiple individuals to both analyze and communicate 
in real time through parallel discussions. The software 
provides an environment for empowerment and "egoless 
decision-making" by electronically linking each par
ticipant. The SDSC provides a means of: 

• Making all comments anonymous 
• Creating equal opportunity for input 
• Eliminating peer pressure 
• Creating a free-flowing communications 
• Fostering an environment of synergy 
• Recording all commentary accurately 
• Weighing concepts and comments by merit. 

Key contributors to the field demonstrations were 
included in this exercise in order to capture the total 
essence of the lessons learned. These people included 
the BWID integrated demonstration coordinator, tech
nology project managers, principal investigators, and 
representatives from the DOE Idaho Operations Office 
and DOE Headquarters. 

Four key areas (subelements) of the integrated 
demonstration were identified for discussion. These 
subelements were: 

• Operational Logistics 

This subelement encompassed the physical arrange
ments and support provided for the integrated 
technology demonstration at the Cold Test Pit. This 
includes equipment, materials, supplies, security, 
and labor. 

This subelement encompassed the administrative 
activities relative to the integrated demonstration. 
This includes communications, personnel issues, 
roles and responsibilities, planning, funding, and 
general business practices. 

• Technical 

This subelement encompassed technical issues 
specific to the individual technologies as well as the 
integration of those technologies. Data gathering, 
test objectives, equipment, instrumentation, and 
performance are included. 

• Environmental, Safety, Health, and Quality 

This subelement encompassed issues affecting the 
environment, safety, health, and quality (ESH&Q) 
of the activities involved in the integrated demon
stration. 

The group used decision-making tools such as 
brainstorming, categorizing, ranking, discussion, and 
root-cause analysis. For each subelement, the exercise 
proceeded in the following manner: 

1. The participants listed the events (problems) 
encountered. 

2. With the help of the host, the operator extracted 
key words from the comments. The comments were 
then categorized by craft, equipment, support, 
weather, requirements, etc. 

3. Overlapping comments were recognized as they fell 
into more than one category. 

4. The participants then ranked each of the categories 
from the most important event affecting that 
particular subelement to the least important. 

5. The categories were sorted and graphed by rank 
sum. The rank sum was determined by the total 
number of votes received in each category and 
multiplied by the corresponding rate assigned to the 
ranking. 

6. The top five ranked categories were opened for 
electronic discussion. This was accomplished by 
revealing all the comments that fell into each 



respective category and allowing the participants 
time to review the comments. 

7. After reviewing the comments, the participants 
conducted an electronic discussion in response to 
the comments, simultaneously and anonymously. 

8. Root causes (not solutions) were then listed by the 
participants for each problem category. 

9. Commonalities were identified among the root 
causes. 

10. Corrective actions were identified and ranked by 
priority. 

a. Detailed test requirements 
b. Planning and technology deployment 
c. Management responsibility/authority 
d. Improved communication 
e. End-user interface 
f. Funding issues 
g. Technology transfer 
h. Technical 
i. ESH&Q compliance. 

IV. CORRECTIVE ACTIONS 

Nine corrective actions have been recognized by 
BWID management and implemented into FY-94 
activities. A discussion on each of the corrective actions 
and related issues follows: 

• Detailed Test Requirements 

This corrective action cut across all subelements 
and resulted from issues related to deploy
ment/planning, design, review, systems, safety, quali
ty, data, demonstration, equipment, and the Cold 
Test Pit. The participants indicated that technology 
test requirements be comprehensive and clearly 
defined. It was also noted that the Technology 
Preparedness and Status Report (TP&SR) be a 
working document and updated as the technology 
progresses prior to field deployment. 

• Planning and Technology Deployment 

Planning and Technology Deployment tied with 
Detailed Test Requirements as being the most 
helpful toward future demonstrations and also cut 
across all subelements. Although credit was given 
for the planning prior to the FY-93 demonstrations, 
most participants agreed that planning should start 

much earlier in the year and have a larger represen
tation of individuals involved with the eventual field 
deployment of the technologies. 

Management Responsibility/Authority 

A clear understanding of individual roles and lines 
of authority and responsibility surfaced as being 
important to the success of future demonstrations. 
Program management roles, technology coordina
tion roles, and project management and principal 
investigator roles need to be further defined so that 
all personnel involved with the demonstrations 
know and understand the chain of command and 
line management. 

Improved Communication 

Communication within all levels and across all 
subelements was identified as being a large con
tributor to the success of the FY-93 demonstra
tions. In order for the future demonstrations to be 
successful, clear lines of communication must be 
established early in the project and all individuals 
who are involved directly and indirectly need to be 
included. Logistical problems between onsile activ
ities and in-town management need to be worked 
out and adequate communication devices/equipment 
need to be provided to ensure that it does. 

End-user Interface 

End-user Interface tied with Improved Communi
cation as a major concern for the success of the 
future demonstrations. The participants identified 
areas in which the interface between BWID and 
end-users should be improved. These included a 
better understanding of the needs, such as planning, 
demonstration, design, reviews, safety, and quality. 

Funding Issues 

Adequate funding was identified as a concern for 
the successful demonstration of technologies. 
Funding shortfalls as a result of increased scope, 
weather delays, etc., need to be identified and ad
dressed as soon as possible and a mechanism needs 
to be put into place to accommodate and expedite 
funding resolution. 

Technology Transfer/Commercialization 

In order for BWID-sponsored technologies to 
aggressively pursue technology transfer, a 



Technology Transfer Plan needs to be developed 
prior to field testing and guidance provided to the 
principal investigators and project managers for 
incorporation into their planning. 

• Safety Compliance 

Safety compliance was recognized as a major 
concern during all BWID technology demonstra
tions. Stronger enforcement of safety requirements 
on the part of all the participants in the field 
activities should be stressed. Safety training and 
identification of potential site hazards should be 
provided at the beginning of any field activity with 
strict enforcement of regulations throughout the 
demonstration. 

V. IMPLEMENTATION OF LESSONS LEARNED 

The corrective actions have been addressed through 
the implementation and follow-through of a corrective 
action plan. As a result of these findings, programmatic 
restructuring for FY-94 activities was conducted and 
new procedures and requirements were implemented. A 
summary of the corrective actions taken as a result of 
the lessons learned through the FY-93 demonstrations 
follows: 

• FY-94 DOE Program Execution Guidance 

The DOE Program Execution Guidance is a high-
level document that lists the scope, requirements, 
milestones, deliverables, expected schedule, and 
level of funding for FY-94 projects. These docu
ments address the corrective actions identified for 
detailed test requirements, planning and technology 
deployment, funding issues, technology transfer/ 
commercialization, and environmental restoration 
interface. 

. FY-95 BWID Integrated Test Plan 

The BWID Integrated Test Plan is a programmatic 
document that provides the guidelines for bringing 
technologies into the field for an integrated dem
onstration. Technology demonstrations scheduled 
during FY-94 are mostly limited to individual field 
testing and no integrated demonstration is planned. 
However, as a result of the lessons learned exercise, 
issues related to the technology deployment and 
planning corrective action are being addressed in 
FY-94 for FY-95 BWID integrated demonstration 

activities. That report will address test requirements and 
facility, operational, environmental, safety, health, and 
quality deployment needs for a successful integrated 
technology demonstration in FY-95. 

. BWID Test Plan Guidance 

The BWID Test Plan Guidance is a program-level 
document that provides the principal investigator 
with criteria for developing Technology Test Plans. 
That document has been revised to address those 
corrective actions related to detailed test require
ments, safety compliance and planning, and tech
nology deployment. 

• BWID Technical Preparedness Guidance 

The BWID Technical Preparedness and Status 
Report Guidance is a program-level document that 
provides the principal investigators with guidance 
relative to field deployment, detailed test require
ments, and safety compliance. 

• FY-94 BWID Test Goals and Objectives 

The document specifies the minimum test objectives 
required for an individual technology. These test 
objectives provide the basis for the Technology Test 
Plan required of each technology. This document 
was revised for FY-94 to address the corrective 
action on detailed test requirements. 

• BWID Program Directives 

The BWID Program Directives describe how the 
BWID program does business. It defines the pro
grammatic requirements of every contributor in 
BWID. A Program Manual and a revised Man
agement Plan for FY-94 have been issued incorpo
rating those corrective actions related to manage
ment responsibility and authority, funding issues, 
improved communication, planning and technology 
deployment, and safety compliance. 

• BWID Stakeholder Involvement Model 

This document describes the objectives and mecha
nisms set forth to foster meaningful stakeholder 
end-user participation. Those corrective actions 
relative to improved communications, end-user 
interfacing, and management responsibility and 
authority are addressed in that document. 



BWID Commercialization Action Plans 

These reports document commercialization action 
plans for technologies with near-term commercial
ization/implementation potential. These action 
plans being issued quarterly and address the correc
tive actions relative to technology transfer/commer
cialization. 

VI. CONCLUSIONS 

The BWID integrated technology demonstration 
conducted during the summer of 1993 was quite success
ful. To enhance future technology demonstrations, the 
BWID program has captured lessons learned and knowl
edge gained from this integrated demonstration. The 
lessons learned have been incorporated into BWID 
planning to strengthen the activities scheduled for 
FY-94 and outyears. 

The results of this exercise showed that good 
planning is integral to the success of any project. 
Planning should commence early in a project and 
include a broad spectrum of personnel. Roles and 
responsibilities must be clearly defined and updated as 
personnel changes occur, and a clear line of communi
cation needs to be established among all the contribu
tors. Technology specific test requirements needs to be 
robust and pre-operational testing of all field deployable 
devices is required. Programmatic issues requiring man
agement/customer intervention must be identified early 
and resolved. Finally, safety should never be compro
mised. 
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