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INTRODUCTION 

THE NEW APPROACH 

PURPOSE 

Although positive steps have been taken during the past three decades to remedy the world's environmental 
problems, the nation's ability to respond to many current and future environmental and economic 
challenges depends on technological advances produced by a well-organized and productive federal research 
and development program. 

To ensure that such programs focus on the most pressing environmental restoration and waste management 
problems at the U.S. Department of Energy (DOE), the Assistant Secretary for the Office of Environmental 
Management (EM) established a Working Group in August 1993 to implement a new approach to 
environmental research and technology development. The goal of DOE's new approach is to conduct a 
research and technology development program that will overcome major obstacles in the cleanup of D O E 
sites. Integral to this new, solutions-oriented approach is an up-front awareness of program needs obtained 
from customers, users, regulators, and stakeholders. These needs can then be disseminated to the developers 
of technological solutions. 

The key features of the new approach are; 
• establishing five focus areas to address DOE's most pressing problems; 
• teaming with the customers in EM to identify, develop, and implement needed technology; 
• focusing technology development activities on major environmental management problems; 
• coordinating management of scientific and development activities in support of EM; 
• focusing resources in national laboratories more effectively; 
• involving industry in developing and implementing solutions, including technology transfer 

into DOE and from D O E to the private sector; 
• coordinating basic research by involving academia and other research organizations to 

stimulate technological breakthroughs; and 
• enhancing involvement of regulators and stakeholders in implementation of technology 

development. 

DOE has established a framework and strategy for coordinating efforts among D O E organizations, 
Management and Operations (M&O) contractors, the national laboratories, other government agencies, 
the scientific community, industry, academia, and the affected public. Full implementation of the new 
approach is planned for the FY 95/96 timeframe. The new strategy will build upon existing programs and 
will seek continual improvement of all EM operations and processes. 

Prior to implementation of the new approach, EM's Office of Technology Development (OTD) carried out 
an aggressive national program of applied research and development to meet environmental restoration and 
waste management needs based on the concepts of Integrated Programs (IP) and Integrated Demonstrations 
(ID). These concepts, introduced in 1989, were engineered to manage the research, development, 
demonstration, testing and evaluation (RDDT&E) activities within EM. 

An IP was the cost-effective mechanism which assembled a group of related and synergistic technologies to 
evaluate their performance to solve a specific aspect of a waste management or environmental problem. The 
problem can be unique to a site or common to many sites. An IP supported applied research to develop 
innovative technologies in key application areas organized around specific activities required in each stage 
of the remediation process (e.g., characterization, treatment, and disposal). 
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An ID was the cost-effective mechanism that assembled a group of related and synergistic technologies to 
evaluate their performance individually or as a complete system to correct waste management and 
environmental problems from cradle to grave. 

BENEFITS 

A keystone for implementation of the new approach is to encourage development of technologies that are 
better, faster, safer and more cost-effective than those currently available. More importantly, the new 
approach has been adopted to foster implementation of new and innovative environmental technologies, 
facilitating the national commitment to long-term environmental, energy, and economic goals. 

An important benefit of the new approach is the creation of investment returns for developing new 
technologies — technology dividends. These technology dividends result from partnerships and leveraging 
within government and between government and the private sector. The partnerships can consist of 
technology developers, technology users, problem holders, and problem solvers. 

EM technology dividends will include: 

• Employment opportunities with new businesses and existing businesses; 
• Cleanup of sites posing the greatest threats to human health, safety, and the environment; 
• Materials reused and recycled, instead of thrown away or freshly contaminated; 
• Pollution prevented; 
• More effective and efficient industrial processes, leading to greater U.S. competitiveness 

globally; and 
• Technology transfer to other countries. 

By implementing the new approach for the unique environmental problems associated with DOE sites, EM/ 
OTD, scientists, and engineers at the national laboratories stand at the threshold of opportunity to develop 
new technologies. This work will enhance quality of life through a cleaner environment, improved global 
competitiveness, and ensure job opportunities for American workers. 

Focus AREAS 

Five major remediation and waste management problem areas within the DOE Complex have been targeted 
for action on the basis of risk, prevalence, or need for technology development to meet environmental 
requirements and regulations. Other areas may be added or currently identified areas further partitioned to 
ensure that research and technology development programs remain focused on EM's most pressing 
remediation and waste management needs. These major problem areas, termed "Focus Areas," are described 
below. 

Contaminant Plume Containment and Remediation. Uncontained hazardous and radioactive contami
nants in soil and ground water exist throughout the DOE Complex. There is insufficient information at 
most sites on the contaminants' distribution and concentration. The migration of some contaminants 
threatens water resources and, in some cases, has already had an adverse impact on the off-site environment. 
Many current characterization, containment, and treatment technologies are ineffective or too costly. 
Improvements are needed in characterization and data interpretation methods, containment systems, and 
in situ treatment. 

Mixed Waste Characterization, Treatment, and Disposal. DOE faces major technical challenges in the 
management of low-level radioactive mixed waste. Several conflicting regulations, together with a lack of 
definitive mixed waste treatment standards hamper mixed waste treatment and disposal. Disposal capacity 
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for mixed waste is also expensive and severely limited. DOE now spends millions of dollars annually to store 
mixed waste because of the lack of accepted treatment technology and disposal capacity. In addition, 
currently available waste management practices require extensive, and hence costly waste characterization 
before disposal. Therefore, DOE must pursue technology that leads to better and less expensive character
ization, retrieval, handling, treatment, and disposal of mixed waste. 

High-Level Waste Tank Remediation. Across the DOE Complex, hundreds of large storage tanks contain 
hundreds of thousands of cubic meters of high-level mixed waste. Primary areas of concern are deteriorating 
tank structures and consequent leakage of their contents. Research and technology development activities 
must focus on the development of safe, reliable, cost-effective methods for characterization, retrieval, 
treatment, and final disposal of the wastes. 

Landfill Stabilization. Numerous DOE landfills pose significant remediation challenges. Some existing 
landfills have contaminants that are migrating, thus requiring interim containment prior to final remediation. 
Materials buried in retrievable storage pose another problem. Retrieval systems must be developed to reduce 
worker exposure and secondary waste quantities. Another high-priority need is in situ methods for 
containment and treatment. 

Decontamination and Decommissioning. The aging of DOE's weapons facilities, along with the reduction 
in nuclear weapons production, has resulted in a need to transition, decommission, deactivate, and dispose 
of numerous facilities contaminated with radionuclides and hazardous materials. While building and scrap 
materials at the sites are a potential resource, with a significant economic value, current regulations lack clear 
release standards. This indirectly discourages the recovery, recycling, and/or reuse of these resources. The 
development of enhanced technologies for the decontamination of these materials, and effective 
communication of the low relative risks involved, will facilitate the recovery, recycle, and/or reuse of these 
resources. Improved material removal, handling, and processing technologies will enhance worker safety 
and reduce cost. 

CROSSCUTTING TECHNOLOGIES 

Crosscutting technologies are those which overlap the boundaries of the focus areas while providing 
simultaneous benefits. These technologies may be used in several or all focus area testing and evaluation 
programs, and include: 

Characterization, Monitoring, and Sensor Technology. DOE is required to characterize more than 3,700 
contaminated sites, 1.5 million barrels of stored waste, 385,000 m 3 of high-level waste in tanks, and from 
1,700 to 7,000 facilities before remediation, treatment, and facility transitioning commence. During 
remediation, treatment, and site closure, monitoring technologies are needed to ensure worker safety and 
effective cleanup. Cost-effective technologies are needed for all EM characterization requirements. 

Efficient Separations and Processing. Separation and treatment technologies are needed to treat and 
immobilize a broad range of radioactive wastes. In some cases, separations technologies do not exist. Ih 
others, improvements are needed to reduce costs, reduce secondary waste volumes, and improve waste form 
quality. Separations technologies are also needed for environmental restoration of DOE sites, for ground
water and soils cleanup, and for decontamination and decommissioning of facilities. Many separations 
agents developed for waste treatment can be adapted for environmental restoration needs. 

Robotics. DOE's waste disposal efforts have particular issues—access, safety, final disposal, and cost 
efficiency. Due to hazardous radiation, massive waste loads, and restricted entry ways, many sites are 
inaccessible for human labor. It is unsafe to expose humans to radiation, harmful chemicals, and injurious 
mechanical objects. Human labor requires higher compensation, the need for expensive protective clothing, 

v 

W - i S £ •"'•.'. 4S&' ' :*'&.•*• < 



and stringent decontamination procedures. Robotics systems are safe, efficient, and cost-effective means to 
automate the handling and processing of mixed waste and characterizing and/or retrieving storage tank 
waste. Systems can also be designed for surveillance, characterization, cleanup, and decommissioning of 
retired DOE facilities. 

Innovative Investment Area. DOE has set aside funding to foster research and development partnerships 
within the public and private sector, and to introduce innovative technologies into OTD programs. The 
Innovative Investment Area supports two types of technologies: (1) technologies that show promise to 
address specific EM needs, but require proof-of-principle experimentation, and (2) proven technologies in 
other fields that require critical path experimentation to demonstrate feasibility for adaptation to specific 
EM needs. 

Pollution Prevention. DOE and the Department of Defense (DoD) have similar waste stream pollution 
problems and common environmental concerns. By combining their resources, these agencies can develop 
a coordinated interagency environmental research and technology development program that produces 
cost-effective technological solutions, particularly in the areas of process change or in-process recycling. 

TECHNICAL TASK PLANS 

Technical Task Plans (TTPs) are used to identify and to summarize work funded and managed by OTD 
at headquarters, the field, and the national laboratories. These plans include a project summary, technical 
task description, budget schedule, and milestone schedule. The EM-50 FY 1994 Program Summary (DOE/ 
EM-0216) lists TTPs current as of the date of this document. 

All tasks require a TTP number. Each TTP number contains information on the fiscal year in which the 
task is first funded, the DOE Operations Office funding allotment code, and the laboratory/contractor/ 
university designator. See appendix for further details. 

EM ORGANIZATIONAL STRUCTURE 

The Office of Environmental Management (EM) is responsible for managing the cleanup of DOE wastes 
from past nuclear weapons production and current operations. The EM mission is to bring DOE sites into 
compliance with all environmental regulations while minimizing risks to the environment, human health 
and safety posed by the generation, handling, treatment, storage, transportation, and disposal of DOE 
waste. The EM organization was established to provide focus, accountability, and visibility for DOE's waste 
management and remediation efforts. See Figure A. 
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Figure A. The E M Organizational Structure as of May 1, 1994. 

OFFICE OF TECHNOLOGY DEVELOPMENT 

The Office of Technology Development (EM-50) has the overall responsibility to develop technologies to 
meet DOE's goals for environmental restoration. O T D works closely with EM-30, -40, and -60 in 
identifying, developing, and implementing innovative and cost-effective technologies. Activities within 
EM-50 include applied research and development, demonstration, testing, and evaluation (RDDT&E), 
technology integration, technology transfer, and program support. See Figure B. 
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Figure B. The O T D Organizational Structure as of May 1, 1994. 



EM-50 ORGANIZATION 
The Office of Technology Transfer and Program Integration (EM-52) provides management, financial, 
and internal program support to line organizations that comprise EM-50. It also provides efforts to 
encourage and to facilitate the infusion and diffusion of innovative environmental technologies for internal 
and domestic application through collaborative partnerships with U.S. and foreign industry or organiza
tions, the national laboratories, other federal agencies, and universities. Technology transfer and technology 
leveraging are important program components. Enhanced communication to internal and external 
stakeholders is a goal of this Office. 

The Office of Research and Development (EM-53) is responsible for establishing applied research and 
development (R&D) program at DOE sites nationwide. Programs are designed to identify operational 
needs in environmental restoration, waste operations, and corrective activities, and to provide solutions to 
key technical issues that, if not solved in a timely manner, would adversely affect DOE's ability to meet its 
cleanup goal. 

The Office of Demonstration, Testing, and Evaluation (EM-54) is responsible for identifying environ
mental management technologies in the research and development stage that are ready for transition to the 
demonstration arena. Those technologies are complete systems to demonstrate a solution to a specific 
problem area. Programs are conducted to advance selected technologies so they can be utilized by DOE to 
meet its cleanup goal in a cost-effective manner. 

OTHER EM ORGANIZATIONS 

The Office of Waste Management (EM-30) has program responsibilities for managing waste generated at 
all DOE sites during weapons processing and manufacturing, research activities, and site cleanup activities. 
This includes the treatment, storage, transportation, and disposal of several types of waste: transuranic, low-
level radioactive, mixed, and solid sanitary wastes. EM-30 is also responsible for the storage, treatment, and 
processing of defense high-level radioactive waste (HLW), waste minimization efforts, and corrective 
activities at waste management facilities. 

The Office of Environmental Restoration (EM-40) has program responsibilities for assessment and 
cleanup of inactive hazardous and radioactive facilities and waste sites at all D O E installations and some 
non-DOE sites. EM-40 oversees program activities to reduce or eliminate risks to human health and the 
environment. 

The Office of Facility Transition and Management (EM-60) has the responsibility to ensure that shut
down facilities are brought to a deactivated state, are properly maintained, and are eventually decontami
nated and/or decommissioned or released for other uses. 
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FACILITY DEACTIVATION, DECOMMISSIONING, 
AND MATERIAL DISPOSITION FOCUS AREA OVERVIEW 

The end of the Cold War and the decision to reduce the size of the nuclear weapons production complex 
have created a need for DOE to deactivate and decommission a large number of aging, surplus facilities. The 
nature and magnitude of the facility deactivation, decommissioning, and material disposition problems 
require EM to facilitate the development and application of technologies that will address these problems 
quickly and cost-effectively. The needed technologies can best be provided by integrating the strengths of 
industry, universities, and other government agencies with those of DOE's national laboratories. 

The focus area approach allows optimal use of DOE's resources by ensuring rapid demonstration and 
implementation of applicable technologies. Many technologies, including the commercially available and 
innovative, are combined and evaluated for a cradle-to-grave solution to specific EM problems in areas such 
as deactivation and decommissioning. The process will involve transforming an existing problem condition 
to a desired end state, recycling building materials generated if feasible, and minimizing requirements for 
waste disposal. 

The Facility Deactivation, Decommissioning and Material Disposition Focus Area is attempting to solve 
the problems of 5,000 contaminated buildings that require deactivation, 1,200 contaminated buildings that 
require decommissioning, and 550,000 metric tons of metal and 23 million cubic meters of concrete in 
contaminated buildings that require disposition. 

The drivers for this Focus Area are that release criteria and standards exist for surface decontamination, but 
no release criteria and standards exist for bulk decontamination. In addition, industry accepted baseline 
processes have high application costs and expose workers to industrial hazards, and radiological and 
hazardous materials. 

In the near term, the Focus Area is selecting a site to conduct a full scale demonstration of facility 
decommissioning technologies with an emphasis on the recycling of contaminated building materials. In 
addition, technologies for the decontamination of surfaces and the associated waste reduction will be 
emphasized, and the focus will be on technologies that reuse bulk contaminated building materials within 
the DOE Complex. 

The technical structure of the Focus Area is divided into three main areas: facility deactivation, facility 
decontamination, and facility dismantlement and material disposition. 

Some of the technical problems being addressed under facility deactivation include the need to: 

• Separate plutonium from process solutions; 
• Separate plutonium from residues; 
• Remove process liquids from equipment; 
• Reduce size and dispose of gloveboxes; 
• Remove sludge and water from reactor pools; 
• Separate fission products from sludge and water; 
• Separate tritium from water; 
• Improve worker productivity and protection; 
• Sample depth profile (concrete, metal) and locate contaminants; 
• Sample surface (concrete, interior metal, exterior metal) and locate contaminants; 
• Map surface and locate contaminants; 
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• Sample batch materials and locate contaminants; 
• Sample drums and locate contaminants; 
• Remotely remove radiological and hazardous materials; and 
• Remotely measure structural integrity. 

Some of the technical problems being addressed under facility decontamination include the need to: 

• Remotely clean surface (concrete, interior metal, exterior metal); 
• Remotely decontaminate surface (concrete, interior metal); 
• Remotely decontaminate concrete wall surface; and 
• Extract contaminants from concrete and metal. 

Some of the technical problems being addressed under facility dismantlement and material disposition 
include the need to: 

• Dismantle concrete and metal structures using delivery/manipulator/tooling system; 
• Remotely reduce size and cut metal and concrete; 
• Remotely disassemble and remove material; 
• Remotely grip and handle metal; 
• Contain work areas; 
• Demolish building; 
• Fabricate products from building materials with residual contamination for use within the D O E 

Complex; 
• Immobilize asbestos in place and after removal; 
• Recycle and regenerate process chemicals; and 
• Separate contaminants from fines and slags. 

Recently, new projects have been selected to address these technical problems. These projects are under this 
Focus Area as well as the Characterization, Industry, Robotics and Separations Cross Cut Areas. 
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l. l PROTECTIVE C L O T H I N G BASED O N 
PERMSELECTIVE MEMBRANE 
A N D CARBON A D S O R P T I O N 

TASK DESCRIPTION 

The objective of this task is to develop and demon
strate improved protective clothing that provides 
personnel protection equivalent to current garments, 
but is lighter weight for improved wearer comfort. 
The improved protective clothing will be made of 
an innovative fabric that combines an ultra-thin, 
permselective outer membrane with a sorptive inner 
layer. The outer membrane layer is extremely per
meable to water, but highly impermeable to hazard
ous compounds. The sorptive inner layer captures 
any hazardous compounds that may breach the 
membrane layer. 

This new clothing will have several advantages. It 
will: (1) increase worker productivity due to greater 
clothing comfort and reduced rest time, (2) reduce 
potential for heat stress due to the high water vapor 
transmission rate of the new fabric, and (3) improve 
worker acceptance of more comfortable protective 
clothing. 

Fabric properties will be optimized and a prototype 
suit will be tested during the 18-month Phase I 
program. In Phase II, suits will be produced on a 
pilot production scale and initially demonstrated in 
the laboratory. 

TECHNOLOGY NEEDS 

Decontamination workers at DOE sites face poten
tial contamination from avariety ofhazardous com
pounds including asbestos, mercury and other heavy 
metals, toxic organic compounds, such as polychlo-
rinated biphenyls (PCBs) and chlorinated solvents, 
and radioactive metals and salts. For many activi
ties, they must wear protective garments that are 
impermeable to particulates, aerosols, and organic 
vapors and that provide protection from toxic con
taminants. Current garments are heavy, time con
suming to put on and remove, and are impermeable 

to water vapor. Because body heat cannot escape, 
the potential for workers to become heat stressed is 
high. Frequent and lengthy rest periods are needed. 
Existing protective garments greatly reduce worker 
and process efficiency. Thus, developing a more 
efficient type of protective clothing for workers is a 
valid technology concern. 

ACCOMPLISHMENTS 
Work is progressing on completion of the fabric 
optimization portion of the project. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

This technology is being developed by Membrane 
Technology and Research, Inc. as part of a Program 
Research and Development Announcement (PRDA) 
project. 

For further information, please contact: 

Doug Gottschlich 
Principal Investigator 
Membrane Technology and Research, Inc. 
1360 Willow Road, Suite 103 
Minlow Park, CA 94025 
(415) 328-2228 

Steven J. Bossart 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 291-4643 
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Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 

Management Plan (draft). 



1.2 ADVANCED WORKER PROTECTION SYSTEM 

TASK DESCRIPTION 

The objective of this task is to develop and demon
strate the Advanced Worker Protection System 
(AWPS), a self-contained, extended service-time 
breathing and cooling system. The AWPS utilizes 
liquid air to provide the worker with breathing air 
and full body cooling for more than two hours 
without the need for forced rest or cool-down peri
ods. 

The AWPS, similar to a Self-Contained Breathing 
Apparatus (SCBA), contains primary life support 
components mounted in a backpack configuration: 
a pressure-demand regulator, hose and mask delivery 
device, a full-body liquid cooling garment, and 
outer garment options of either a splash suit or a 
totally encapsulating vapor protection suit. See 
Figure 1.2. The backpack includes a vacuum jacketed 
vessel or dewar, which stores the cryogenic liquid 
air. 

Figure 1.2. The Advanced Worker Protection 
System. 

-WZ& xgFi&Fs: 

Liquid air is fed through a heat exchanger that utilizes 
water warmed by the wearer's body to vaporize the 
cryogen for breathing while cooling the water to 
control body temperature. The air is regulated to 
the appropriate pressure and delivered to the face 
mask. The cooled water is delivered to the full-body 
cooling garment. 

The amount of cooling can be controlled by the 
wearer. As the wearer breathes harder during higher 
work rates, more cooling will automatically be pro
vided. A recharge station is required to fill the 
dewar on the AWPS with the cryogenic liquid air. 
The present design allows the recharge station to be 
retrofitted to SCBA charging units in use today. 

Complete development of the AWPS involves two 
phases of work culminating in a DOE 
site demonstration. Phase I will develop the AWPS 
prototype. This phase will also include the testing 
of the prototype and a preliminary assessment of the 
apparatus by the National Institute for Occupa
tional Safety and Health (NIOSH). Phase II work 
begins with refining the design using information 
learned from Phase I testing and the NIOSH assess
ment. The Phase II development of 
the pre-production units concludes with NIOSH 
and Los Alamos National Laboratory (LANL) certi
fication and a site demonstration at one of the DOE 
national laboratories. 

TECHNOLOGY NEEDS 

Decommissioning work at most DOE sites requires 
difficult tasks to be completed by workers in protec
tive suits and respirators. The suits essentially 
encapsulate the wearer's body, preventing the heat 
generated by the worker's activity from leaving the 
suit. The average worker cannot tolerate exposure 
to the resulting hot, humid atmosphere for more 
than 45 minutes; after which time the worker must 
cool-down for approximately 1 hour. Donning, 
doffing, and decontamination time in addition to 
cool-down periods make a usual work day less than 
50 percent efficient and frequently only 25 percent 
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efficient. New protection equipment and systems TTP Numben MEOOllOl 
are needed to improve worker performance. 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 
ACCOMPLISHMENTS 

Management Plan (draft). 
An advanced development worker protection en-
semble was successfully tested during a series of 
comparative tests with industry accepted fire fighter 
ensembles. Post test data analysis is in progress. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

The Advanced Worker Protection System is devel
oped by Oceaneering Space Systems, a division of 
Oceaneering International, Inc. as part of a PRDA 
project. 

For further information, please contact: 

Bruce Caldwell 
Principal Investigator 
Oceaneering Space Systems 
16665 Space Center Boulevard 
Houston, TX 77058 
(713) 488-9080 

Carl Roosmagi 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(307) 721-7205 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 
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1.3 CHARACTERIZATION OF RADIOACTIVE 
CONTAMINATION INSIDE PIPES W I T H 

T H E PIPE EXPLORER™ SYSTEM 

TASK DESCRIPTION 

The objective of this task is to develop and demon
strate Pipe Explorer™, a remotely operated survey 
system that integrates gamma radiation detectors 
with an inverting membrane deployment system to 
thoroughly survey radiological contamination of 
pipes from the inside. 

The Pipe Explorer™ system integrates standard 
radiation detectors with a unique inverting mem
brane deployment method. This technique has 
been applied to borehole instrumentation emplace
ments. The system utilizes a long, tubular mem
brane to tow instruments through the pipes. The 
membrane is initially rolled up on a reel inside a 
pressure-tight canister. The membrane exits the 
canister at the bottom and is wrapped back on the 
base pipe and clamped. As pressurized air is intro
duced into the canister, the membrane inverts and 
distends out of the base pipe. The membrane 
continues to invert until its end is completely dis
tended. A tether attached to the end of the mem
brane is then reeled up to retrieve the system in 
reverse fashion. 

To inspect the inside of pipes for radionuclide 
contamination, a radiation detector is mounted at 
the point where the tether is attached to the mem
brane. The detector traverses the pipe, pulled by the 
advancing membrane. Electrical pulses proportional 
to radioactivity on the surface are transmitted 
through a cable back to the canister and, subse
quently, to a data acquisition system. Pulses are 
either simply counted for a gross contamination 
scan, or analyzed with a multi-channel pulse-height 
analyzer to determine their energy and the specific 
radioisotope. The initial deployment system con
sists of sodium iodide and cesium iodide scintilla
tion detectors coupled to photomultiplier tubes. 
These detectors can be configured in compact pack
ages small enough to be transported around bends 
and obstructions in piping systems. 

Figure 1.3 shows sequence of operation for trans
porting radiation detectors into contaminated pip
ing with an inverting membrane deployment system. 

The Pipe Explorer™ inspection system develop
ment will be completed in two phases. Phase I 
involves the engineering and manufacturing of the 
pressurized deployment canister and its associated 
instrumentation and control equipment. The final 
task of the Phase I development will be a site 
demonstration of the system in contaminated pipes 
at a candidate DOE facility. In Phase II, the Phase 
I prototype would be redesigned in preparation for 
extended field demonstrations in actual piping sys
tems at DOE site(s). 

^ Air Inlet . Membrane wrapped around canister outlet and clamped 

if ^s- Pipa to be sutvoyad 
<iOep!oyment Membrane tolled up on reel 

Canister 
Membrane Inverts and extends 

Into pipe under air pressure 

Attachment point of lather 
to membrane 

Detector being towed into pipa 

JL^ Fully deployed survey system 

Figure 1.3. Sequence of Operation for 
Transporting Radiation Detectors into 
Contaminated Piping Using the Inverting 
Membrane Deployment System. 
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TECHNOLOGY NEEDS 

Radiological surveys of pipes are normally accom
plished by passing a hand-held radiological sam
pling instrument over the exterior surface of a pipe. 
For a complete survey, this requires personnel to 
gain access to the entire exterior surface of the pipe 
over its full length. This access is frequently re
stricted. The process is difficult, time consuming, 
potentially hazardous, and not readily capable for 
detection of threshold surface contamination val
ues. By developing technologies such as the Pipe 
Explorer™ system, the interior of a pipe can be 
examined more efficiently. 

ACCOMPLISHMENTS 

Characterization of piping systems and contami
nants for design purposes have been completed. 
The design and fabrication of equipment have been 
completed. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

This technology is being developed by Science and 
Engineering Associates, Inc., as part of a PRDA 
project. 

For further information, please contact: 

William Lowry 
Principal Investigator 
Science and Engineering Associates, Inc. 
1570 Pacheco Street, Suite Dl 
Santa Fe, NM 87505 
(505) 983-6698 

Eddie Christy 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 291-4604 

Jerry M . Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 

TTP Number: MEOOl 101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 

Management Plan (draft). 
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1.4 THREE-DIMENSIONAL INTEGRATED 
CHARACTERIZATION A N D ARCHIVING SYSTEM 

TASK DESCRIPTION 

The objective of this task is to develop a remote 
system that can perform rapid in situ analysis of 
hazardous organics and radionuclide contamina
tion on structural materials. The remote system is 
called Three-Dimensional Integrated Characteriza
tion and Archiving System (3D-ICAS). 

The 3D-ICAS configuration consists of a mobile 
sensor platform and a mobile mapper platform that 
operate in contaminated areas, and an integrated 
workstation that remains in a safe location as shown 
in Figure 1.4. During characterization operations, 
the mapper uses its coherent laser radar (CLR) to 
maintain its precise location. It reports the position
ing of a multi-sensor probe, which is located on a 
robotic arm extending from the sensor platform. 
The operator at the integrated workstation uses 

displayed 3D map information to plan and direct 
the selection of surface areas to be characterized and 
the number of samples to be taken for a given area. 

The 3D-ICAS then automatically samples these 
areas and archives the 3D location, time, and con
centrations of each contaminant. It also provides 
map displays at the workstation to show contoured 
contaminated regions. 

The permanent measurement data archiving allows 
easy regulatory review of the characterization pro
cess and ensures data integrity. 

The dense, uniform surface sampling permits the 
straightforward establishment of the contour bounds 
of regions exceeding regulatory limits. 

CLR provides topographical mapping and position 
references for the chemical and radionuclide infor-

^aser Beam 
Sensor 

Sensor 
Platform 

Safe Area 

Integrated 
Workstation 

Figure 1.4. The Three-Dimensional Integrated Characterization and Archiving System. 

9 



mation. Molecular vibrational spectrometry (MVS) 
is used to characterize the type of substrate material 
and to measure toxic organics down to the low parts 
per million level. A high speed gas chromatograph 
(GC)/mass spectrometer (MS) with thermal des-
orption gives definitive measurement of PCBs and 
other toxic organics down to the low parts per 
billion level. 

Alpha and beta counting with energy discrimina
tion identifies and quantifies isotopes of uranium, 
plutonium, thorium, technetium, neptunium, and 
americium. 

Remote CLR mapping is conducted with a scanner 
unit mounted on the mapper platform. Close-in 
sensing is performed with a multi-sensor head 
mounted on a robotic arm deployed from the sensor 
platform. The multi-sensor probe includes MVS, 
thermal desorption sampling for high speed GC/ 
MS, radionuclide detection, and multiple CLRprox-
imity sensors. 

The multi-sensor probe is designed to carry all 
sensor components, depending on the characteriza
tion mission. The sensors can be operated simulta
neously at each sample point, and sensor fusion 
processing is applied to improve upon the perfor
mance of a single sensor. 

Both mobile platforms are equipped with transport 
vehicles and video cameras. The integrated worksta
tion also contains vehicle controls, a control proces
sor, video and graphics monitors, data fusion and 
graphics processors, and an archival database. 

Development of this technology will occur in three 
phases over a period of 32 months. Phase I involves 
development of the GC, design of the MVS probe, 
and integration of the coherent laser radar mapper 
and GC systems for a laboratory demonstration. 
Phase II includes the integration of the subsystems 
GC and MS, integration of the multi-sensor probe, 
robot arm, and coherent laser radar mapper/tracker, 

and demonstration in the laboratory of the GC/MS 
and MVS sensors. Phase III will integrate the total 
system in a field prototype, test the prototype, and 
demonstrate the system at a DOE site. 

TECHNOLOGY NEEDS 

Characterization, sampling, and analysis for haz
ardous organic and radionuclide contamination on 
concrete and asbestos for decommissioning is a 
time-consuming, expensive process with the poten
tial to expose humans to radiation and hazardous 
materials. Waste is generated in the form of used 
protective garments/equipment. Time requirements 
are increased because of exposure limits, rest breaks, 
donning and removal of protective garments/equip
ment. Additional costs are incurred for handling 
and transporting potentially hazardous materials. 
Off-site laboratory analysis is expensive and 
time-consuming, often necessitating delay of fur
ther activities until results are received. Therefore, 
further research must be done on remote character
ization systems to help solve these issues. 

ACCOMPLISHMENTS 

The Phase I demonstration has been successfully 
completed. The coherent laser 3D mapper and the 
GC were integrated and demonstrated on concrete 
surfaces. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

This technology is being developed by Coleman 
Research Corporation, as part of a PRDA project. 
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For further information, please contact: 

Dr. Richard L. Sebastian 
Principal Investigator 
Coleman Research Corporation 
6551 Loisdale Court, Suite 800 
Springfield, VA 22150 
(703) 719-9200 

Vijendra Kothari 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 285-4579 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 

Management Plan (draft). 
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2.1 DECONTAMINATION A N D 
RECYCLING OF CONCRETE 

TASK DESCRIPTION 

The objective of this task is to develop and demon
strate a concrete treatment system that integrates 
decontamination and separation technologies that 
have been proven in other applications for concrete 
decontamination and reuse. This task is focused on 
developing an efficient and cost-effective alterna
tive to current methods while minimizing primary 
and secondary wastes. 

The integrated system, a proprietary process of 
AWD Technologies, Inc., is called AWD-CON. 
This system has two major subsystems, one for 
decontamination and the other for separation, in
cluding collection and treatment of all waste streams. 
See Figure 2 .1 . Where appropriate, waste streams 

are recycled into the process. The decontamination 
subsystem includes: dry vacuum cleaning with high 
efficiency particulate air (HEPA) filtration, dust 
collection, foam cleaning agent application, low-
and high-pressure surface rinsing, and surface con
crete removal using high-pressure water. 

The separation subsystem provides coarse solids 
screening, oil and grease collection, fine solids re
moval, and organic compound removal using acti
vated carbon. 

The development of the AWD-CON system will 
include two phases. Phase I involves assembly of the 
integrated AWD-CON system and the testing of 
individual component parts and sub-systems. Phase 
II would be the demonstration of the unit at a DOE 

Maximized 
Clean 

Concrete 

Minimal Secondary Waste 

Figure 2 . 1 . The Integrated AWD-CON System. 
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For further information, please contact: 

Mark Sylvester 
Principal Investigator 
DOW Environmental, Inc. 
15204 Omega Drive, Suite 200 
Rockville, MD 20850 
(301) 948-0040 

Jagdish Malhotra 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 291-4053 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 

facility. The full-scale demonstration of the process 
concept is currently planned at the Oak Ridge K-29 
facility. 

TECHNOLOGY NEEDS 

The technical, regulatory, environmental, 
and economic issues involved in the decommission
ing of DOE facilities are strong drivers for waste 
minimization. Technologies are needed for effec
tive separation of hazardous constituents from struc
tural and process equipment. The necessity to 
dispose of an enormous quantity of structural con
crete at various DOE facilities requires innovative 
technological solutions to reduce time, cost, poten
tial hazard, and environmental concerns. 

ACCOMPLISHMENTS 

Conceptual design of system has been completed. 
Subsystem advance development testing is in vari
ous stages of completion. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

This technology is being developed by AWD Tech
nologies, Inc., a subsidiary of the Dow Chemical 
Company, as part of a PRDA project. AWD offers 
environmental remediation services — developing 
commercial applications of Dow's technologies and 
management approaches for hazardous waste 
remediation. 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Management Plan (draft). 
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2.2 REMOTE OPERATED VEHICLE 
DRY ICE PELLET DECONTAMINATION SYSTEM 

TASK DESCRIPTION 

The objective of this task is to develop a concrete 
decontamination system that integrates the demon
strated technologies of remote operation of vehicles 
and dry ice (C0 2 ) blasting. The Remote Operated 
Vehicle (ROV) C 0 2 Pellet Blasting System has the 
potential to significantly reduce worker exposure, 
waste volume, and costs. 

This system is based on the Hazard Avoidance and 
Reconnaissance Extender (HARE) vehicle, which 
was designed for other applications. See Figure 2.2. 
The HARE contains a work arm that will accommo
date the patented Cryogenesis dry ice blasting sys
tem. This barrier system will be tested. The work 
arm will be designed to manipulate a specially 

designed vacuum containment workhead with the 
Cryogenesis blasting nozzle. The HARE already has 
mounted video cameras and other sensors with 
output displayed at the control unit. The ROV will 
be linked to the system containment van by a tether 
and a tether management system. The other end of 
the tether will connect to a Cryogenesis C O z pellet 
and nitrogen gas supply, a HEPA filtration system, 
a power supply, and the control unit. The entire 
system will be packaged so that it is suitable for 
radioactive material transport and storage. 

Two subcontractors will be utilized. Waste Mini
mization and Containment Services, Inc., inventors 
of the patented Cryogenesis dry ice blasting system, 
will adapt and enhance the Cryogenesis system for 
ROV operation. NSS Numanco, Inc. will be used 
for its expertise in D & D in the nuclear industry. 

Workhead 

Tool Traveler 
Turret 

Shoulder Pitch 
Telescopic Arm Compliant 

Tool Pitch 

Tool Traveler 

Workhead 

Figure 2.2. The Hazard Avoidance and Reconnaissance Extender Vehicle. 
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For further information, please contact: 

Andrew Resnick 
Principal Investigator 
Oceaneering Technologies, Inc. 
16201 Trade Zone Avenue 
Suite 103 
Upper Marlboro, M D 20772 
(301) 249-3300 

Kelly Pearce 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 285-5424 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, M D 20874-1290 
(301) 903-7914 

This task is planned in three phases. Phase I 
includes tasks to demonstrate subsystem operation, 
interfaces, and compatibility. The system engineer
ing requirements and functional analysis would be 
evaluated and revised, if necessary. During Phase II, 
the concept would be demonstrated through sub
system integration and testing of a fully functional 
system at the contractor's facility. Phase III would 
include an integrated demonstration at a DOE 
facility, potentially at Oak Ridge. 

TECHNOLOGY NEEDS 

Concrete contamination inside buildings is one of 
the most serious problems at DOE facilities. Con
tamination typically consists of various radionu
clides, heavy metals, and organic deposits from 
leaks and spills. New technologies are required to 
remove contamination of concrete so that buildings 
can be reused, and to permit disposal of the major
ity of the concrete as non-hazardous, non-radioactive 
waste. 

ACCOMPLISHMENTS 

The purchase request for the vehicle has been com
pleted. The overall system design has been com
pleted and the component design is underway. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

Oceaneering Technologies, Inc., Waste Minimiza
tion and Containment Services, Inc., and NSS 
Numanco, Inc., are participating in this PRDA 
project. 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Management Plan (draft). 
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2.3 LASER ABLATION OF CONTAMINANTS 
F R O M C O N C R E T E AND METAL SURFACES 

TASK DESCRIPTION 

The objective of this task is to modify and 
demonstrate high-power, high repetition-rate 
industrial lasers for controlled ablation of coatings 
from metal and concrete surfaces. A generic sketch 
of the laser paint stripping system is shown in Figure 
2.3. The laser uses the right combination of 
wavelength, pulse width, energy, power densities on 
target, pulse repetition rate, and scan rate. This 
characteristic yields efficient removal of coating 
material from the surface and surface pores. It also 
results in material ablation faster than a thermal 
wave can propagate into the substrate, leaving a 
cool surface behind. A gas/vapor and particulate 
suction nozzle capture and contain the ablated 
material, with other processes that result in material 
bulk reduction. A vacuum pump draws the mixture 
of entrained air and gases, vapors, and particulates 
from ablation through filtering stages. 

Mobile units, with the laser sub-system remote 
from the cleaning head, are envisioned for cleaning 

building surfaces. Pre-designs for parts cleaning 
have been completed for transportable units in 
tractor-trailers. 

TECHNOLOGY NEEDS 

As buildings and equipment surfaces became con
taminated with dust or spills from uranium and 
other radioactive materials, or with hazardous ma
terials like PCBs, surface contamination was stabi
lized by applying coats of paint or strippable coatings. 
Most of the earlier paint used was lead-based. More 
recently, hydrocarbon-based and latex paints have 
been used. Repainting over the years has often 
resulted in several coats. The thickness and types of 
coatings vary from location to location. Chemical 
paint strippers are messy, become contaminated, 
andean increase the bulk of mixed waste. The use 
of sand, walnut-shell, water, or plastic-pellet blast
ing also adds to the extent of the contaminated 
waste. Workers must use respiratory protection 
equipment for C 0 2 pellet blasting or liquid nitro-
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Figure 2 .3 . Generic System Concept for Laser Coating Removal. 
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For further information, please contact: 

Joyce Freiwald 
Principal Investigator 
F2 Associates 
1708 Soplow Road, SE 
Albuquerque, N M 87123-4485 
(505) 271-0260 

Steve Bossart 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 291-4643 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, M D 20874-1290 
(301) 903-7914 

gen cryofracture. None of these processes currently 
clean out the surface pores of the substrate being 
de-coated. Therefore, technologies with lasers for 
ablation of coatings from metal and concrete sur
faces are being investigated. 

This task is scheduled to be completed in 
three phases. Phase I efforts will focus on building 
a low-power lab-instrumented system with an exist
ing laser to demonstrate: a) negligible release of 
ablated contaminants to the environment from strip
ping lead-based paints, b) effectiveness of removing 
contaminants from surface pores, and c) negligible 
amounts of additional waste generated by the pro
cess compared to competing technologies. In Phase 
II, a full-scale mobile system will be built and 
laboratory tested, using a mobile laser sub-system 
similar to an existing one built by Tetra Corpora
tion. Pending successful completion of Phases I and 
II, the mobile system will be tested in the field. 

ACCOMPLISHMENTS 

Paint was removed using an advanced development 
carbon dioxide laser system. About 85 percent of 
the debris was contained using an advanced devel
opment vacuum containment system. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

This technology is jointly developed by F2 Associ
ates and Tetra Corporation as part of a Research 
Opportunity Announcement (ROA) project. 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 

Management Plan (draft). 
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2.4 CHEMICAL DECONTAMINATION OF 
PROCESS EQUIPMENT USING 

RECYCLABLE CHELATING SOLVENT 

TASK DESCRIPTION 

The objective of this task is to develop and demon
strate an effective redundancy chemical process, 
utilizing chelate-based solvent systems to remove 
uranium and other actinides from contaminated 
process equipment. After decontamination, the 
chemical solvent is treated to remove the active 
materials and to regenerate the chelate so it can be 
reused in the decontamination of additional process 
equipment. See Figure 2.4. 

Development and demonstration of the recyclable 
chelate system are planned in a two-phased pro
gram. The first phase of the program is to develop 
and qualify the pilot-scale process in a pilot facility 
on an actual piece of contaminated equipment. 
During Phase II, the technology will be demon
strated on actual process equipment at a D O E site. 
An Allis Chalmers centrifugal compressor from the 

Oak Ridge K-25 site is currently being considered 
for the demonstration. 

T E C H N O L O G Y N E E D S 

DOE's deactivation and decommissioning programs 
require cleanup of a tremendous volume of equip
ment and material. Existing technologies are not 
adequate for meeting the cleanup goals with current 
and projected resources in a timely manner. Tech
nologies are needed to decontaminate equipment to 
levels that would allow for reuse and/or recycle. 
They are also needed to reduce the high costs 
associated with cleanup and disposal of contami
nated equipment and material. 
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Figure 2.4. The Recyclable Chelate System. 
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ACCOMPLISHMENTS TTP Number: ME001101 

Screening tests on candidate chelates have been BIBLIOGRAPHY OF KEY PUBLICATIONS 
completed and solvent refinement testing is under-

Management Plan (draft). 

COLLABORATION/TECHNOLOGY 
TRANSFER 

This technology is being developed by Babcock and 
Wilcox as part of a PRDA project. 

For further information, please contact: 

John Jevec 
Principal Investigator 
Babcock & Wilcox Alliance Research Center 
1562 Beeson Street 
Alliance, O H 44601 
(216) 829-7588 

Steven Bossart 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 285-4643 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 
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2.5 SODA BLASTING 
DECONTAMINATION PROCESS 

TASK DESCRIPTION 

The objective of this task is to demonstrate a process 
for cleaning contaminated DOE facilities and 
equipment at the Oak Ridge K-25 Site. The project 
will demonstrate: (1) a decontamination process 
with sodium bicarbonate grit for blasting 
contaminated materials, and (2) a decontamination 
process for waste water from the blasting procedure. 
Additionally, the demonstration will provide unit 
cost data to help evaluate the cost-effectiveness of 
the decontamination and the recycling process. 

This decontamination process will remove surface 
contamination, mainly uranium isotopes, techne-
tium-99, and PCBs, on concrete structures and 
metal equipment. The abrasive blast media, sodium 
bicarbonate, is water soluble. It can be dissolved for 
easy cleanup and disposal after the surface has been 
decontaminated. Soda blasting, used in various 
industrial cleaning operations, has been shown to be 
effective in cleaning surfaces without disrupting 
surface integrity. 

The demonstration will be conducted in K-29 build
ing at DOE's Oak Ridge National Laboratory 
(ORNL). This structure, typical of the uranium 
processing buildings at the K-25 Site, has varying 
amounts of uranium, technetium, and PCB con
tamination. Floor areas will be gridded, surveyed, 
and recorded for major contaminants before and 
after blasting. A blasting containment enclosure 
will be constructed and used for all blasting opera
tions. Blasting personnel will be fitted with special 
protective clothing and supplied-air gear. The 
testing procedure will consist of equipment optimi
zation (pressure, grit size, nozzle size, water added, 
and other parameters) on concrete floors, followed 
by several demonstration areas of concrete and 
equipment with the optimized parameters. All 
pertinent evaluation data will be collected. These 
data include before and after direct, smearable, and 
scabbled readings, labor hours, total materials used, 
and waste generated per square area. 

The second phase of the demonstration will set up 
a wash water decontamination test area for removal 
of contamination from the actual blasting process 
water generated. The water decontamination pro
cess will test several processes such as precipitation, 
filtration, ion exchange, and carbon absorption. 
This cleanup and disposal data will be key to the 
overall economics of the soda blasting process. 

TECHNOLOGY NEEDS 

This project will provide a demonstration of avail
able technologies for the non-destructive decon
tamination of facility surfaces. This process data 
will be a key in assisting DOE to achieve one of its 
primary goals of environmental restoration—maxi
mum reuse of valuable facilities and equipment. 

ACCOMPLISHMENTS 

An exterior metal surface has been cleaned using the 
soda blasting process. Post decontamination char
acterization is in progress. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

This demonstration is being conducted by O'Brien 
Gere Technical Services as part of a PRDA project 
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For further information, please contact: 

Lance Escue 
Principal Investigator 
O'Brien & Gere 
136 S. Illinois Avenue 
Suite 210 
Oak Ridge, TN 37830 
(615) 482-9430 

Johnny Moore 
Project Manager 
U.S. Department of Energy 
Oak Ridge Operations Office 
P.O. Box 2001 
Oak Ridge, TN 37831 
(615) 576-3536 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 

Management Plan (draft). 
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2.6 DECONTAMINATION OF GASEOUS 
DIFFUSION PROCESS EQUIPMENT 

TASK DESCRIPTION 

The objective of this task is to demonstrate blasting 
decontamination processes and to perform a com
parative evaluation on the effectiveness of four dif
ferent blasting techniques for the decontamination 
of gaseous diffusion equipment. This demonstra
tion will establish a baseline. It will also provide unit 
cost data to help determine the best method to 
decontaminate these types of contaminated equip
ment. 

Many different blasting methods exist for the de
contamination of contaminated metal equipment. 
However, a comparison of the relative efficiency 
and effectiveness of these methods is not well known. 
This project will compare the decontamination 
results of tests conducted using four contaminated 
gaseous diffusion (GD) centrifugal compressors from 
the K-27 process building. These compressors will 
be removed and transported to Scientific Ecology 
Group's (SEG) Oak Ridge decontamination facility 
for processing. 

The four blasting technologies that will be com
pared are: 1) dry grit, 2) wet grit, 3) high pressure 
water, and 4) carbon dioxide pellets. The grit and 
the water processes are all SEG closed loop recycle 
processes. The carbon dioxide process is subcon
tracted by SEG to CRYO Dynamics. Each tech
nique will be tested on a separate compressor that 
has been surveyed and sectioned for full accessibility 
prior to decontamination activities. The decon
tamination processes will be controlled to assess 
factors that determine the most cost-effective de
contamination method. In particular, labor input, 
materials expended, secondary waste generated, and 
decontamination effectiveness will be investigated. 

These data will be the key to establishing baselines 
for comparing the blasting technologies on ura
nium contaminated equipment. Pre- and post-test 
surveys will be conducted. The resulting data, along 
with materials, labor, and waste data will be used as 
measures of the overall efficiency of each process. 

TECHNOLOGY NEEDS 

The project will provide information to assess the 
best technologies and techniques for the decon
tamination of contaminated equipments across the 
DOE Complex. Ultimately, these data will assist 
DOE in achieving the goals of maximum recycle 
and reuse of valuable resources and waste minimiza
tion. 

ACCOMPLISHMENTS 

The progress includes the successful removal and 
delivery of four centrifugal compressors to SEG's 
facility, and decontamination testing of two of the four 
blasting techniques: high pressure water and carbon 
dioxide blasting. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

This project is being demonstrated by SEG as part 
of a PRDA project. 
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For further information, please contact: 

Ray Meyer 
Principal Investigator 
Scientific Ecology Group 
P.O. Box 2530 
1530 Bear Creek Road 
Oak Ridge, T N 37831-2530 
(615) 376-8134 

Johnny Moore 
Project Manager 
Technology Development Officer 
U.S. Department of Energy 
Oak Ridge Operations Office 
P.O. Box 2001 
Oak Ridge, T N 37831 
(615)576-3536 

Jerry M . Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 

Management Plan (draft). 
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2.7 CONCRETE DECONTAMINATION 
USING MlCROWASTES 

TASK DESCRIPTION 

The objective of this task is to develop and demon
strate a concrete decontamination technology that 
uses microwaves as a scabbling tool. In this system, 
microwaves penetrate the surface of the concrete 
and heat the small amount of water present, creating 
high-pressure steam. This pressure combines with 
the thermal stresses produced by rapid microwave 
heating to break the surface layer of concrete into 
small chips, while creating a minimum amount of 
dust. The chips can then be easily removed by 
vacuuming. The subsurface concrete that remains 
may be disposed of as construction waste at tremen
dous savings compared to disposal as radioactive 
waste. The system is also being refined to incorpo
rate robotic technology for remote control. The 
addition of flexible wave guides will allow micro
waves to be targeted to walls and ceilings. Finally, 
improved vacuum technology will enhance effec
tiveness and worker safety. 

In the initial research, a mobile microwave heating 
system was simulated by sliding a concrete slab 
under a stationary applicator. The applicator was 
designed to minimize reflected power to prevent 
damage to the system. The experimental setup 
consisted of a stationary microwave generator, a 
waveguide system, and an applicator to channel the 
microwaves from the generator to the concrete. A 
concrete slab was mounted on a roller system. The 
concrete slab was slid beneath the waveguide appli
cator, and a vacuum system was used to remove 
debris generated by the heating process. 

Two different microwave generators (a 6 kilowatt, 
2.45 gigahertz generator and a 10 kilowatt, 10.6 
gigahertz generator) have been used in the research. 
These generators allow control of the depth of 
concrete removal by varying the frequency of the 
microwave source. Higher frequencies concentrate 
more energy near the surface of the concrete and 
remove a thinner layer of material. Lower frequen
cies are absorbed deeper into the concrete, and 

therefore remove a thicker layer. The next step in 
the development process will be to construct a 15 
kilowatt, 18 gigahertz system designed to remove 
tiiinner layers of concrete more efficiently. The 
increases in frequency and power, combined with 
improvements in the applicator design to spread the 
microwaves over a larger area, are expected to result 
in considerably higher removal rates. 

TECHNOLOGY NEEDS 

Several methods of concrete decontamination re
moval, which involve removing a thin layer off the 
concrete surface, are currently in use. One tech
nique uses pneumatic chisels to chip away contami
nated surfaces. This approach generates a lot of 
dust, creating an airborne contamination hazard. 
The dust can be minimized by working on a wet 
surface, but the water used in the process requires 
additional treatment. Furthermore, the impact of 
the chisel can drive contaminants farther into the 
concrete. In a second method, high-pressure water 
jet is used to blast concrete. But, again, the waste 
water must be treated afterward. High-pressure 
water cleaning also causes soluble contaminants to 
penetrate farther into the concrete. A third ap
proach is steel-shot blasting. This surface finishing 
technology creates a uniform layer by removing and 
compacting surface material. However, when used 
as a decontamination method, this technique tends 
to force contaminants back into the concrete. Mi
crowave heating reduces the dust problem by creat
ing chips small enough to be removed by a vacuum, 
but generally too large to create an airborne con
tamination hazard. As a result, the surface can be 
kept dry, eliminating problems with soluble con
taminants. This approach also eliminates the prob
lem of driving contamination farther into the 
concrete, because no external impacts are required 
on the surface. 
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ACCOMPLISHMENTS TTP Number: OR101204 

Demonstrated the prototype using 6 kW micro
wave unit at a rate of 40 ft2/hour. 

For further information, please contact: 

Don Foster 
Principal Investigator 
Martin Marietta Energy Systems 
Oak Ridge National Laboratories 
P.O. Box 20.08 
Oak Ridge, TN 37831 
(615) 574-4019 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Ebadian, M.A. and Li, W., "A Theoretical/Experi
mental Investigation of the Decontamination of a 
Radioactively Contaminated Concrete Surface Us
ing Microwave Technology," Final Report, DOE 
Project (DE-AC05-840R2140), 1992. 

Ebadian, M.A. and Li, W., 'A Theoretical/Experi
mental Investigation of the Decontamination of a 
Radioactively Contaminated Concrete Surface Us
ing Microwave Technology," Phase II Final Report, 
DOE Project (Martin Marietta Subcontract Num
ber 19X-SM172V), 1994. 

White, T.L. and Foster D., "Microwave Concrete 
Decontamination Phase II Results (draft), Novem
ber 1994. 
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2.8 CONCRETE DECONTAMINATION BY 
ELECTRO-HYDRAULIC SCABBLING 

TASK DESCRIPTION 

The objective of this task is to develop and 
demonstrate a cost-efficient, rapid, controllable 
concrete electro-hydraulic scabbling (EHS) process 
to remove surface layers of contaminated concrete 
while generating minimal secondary waste. The 
EHS process will be applied to the decontamination 
of deeply contaminated surfaces — floors, walls, 
ceilings — of massive concrete structures. This task 
is directed towards developing a scabbling process 
based on electro-hydraulic effects — the generation 
of controlled hydraulic shock waves by means of an 

electric discharge. The EHS system is designed to 
be a robotic, cost-effective concrete decontamination 
process. The system will generate minimal quantities 
of contaminated secondary process wastes. 

Scabbling is the physical removal of the concrete 
surface layer. It subdivides the mass of the concrete 
structure into: (1) a contaminated rubble of rela
tively small volume, and (2) the remaining clean 
concrete structure, which can either be reused or 
decommissioned by regular demolition techniques. 
Current scabbling techniques, utilizing either me
chanical grinding or high pressure water jets, gener-
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Figure 2.8. The Concrete Electro-Hydraulic Scabbling System. 

29 



ate large amounts of contaminated dust and/or waste 
water. 

The EHS device delivers powerful shock waves to 
the concrete surface originated by a pulsed 
high-voltage electric discharge between two elec
trodes. The hydraulic shock wave propagates 
through water between the discharge channel and 
the concrete, causing the concrete to crack and peel. 
The high impulse pressure developed at the 
liquid-solid interface results in stresses that crack or 
break the surface layer. When electrodes are located 
very close to the surface, cavitational action of fast 
moving liquid adds to the effect. 

The depth of EHS scabbling will be controlled by 
changing the pulse energy, shape, and electrode 
position. Water not only provides efficient transfer 
of energy, but also acts as a debris retainer and 
transport medium. The consumption of water in 
the EHS is much lower than in the high-pressure 
water jet decontamination technique. As illustrated 
in Figure 2.8, the EHS system is designed to be 
mounted on a carriage. Concrete rubble from the 
EHS head is retained in a tank with the water 
cleaned and recirculated. Real-time on-line el
emental analysis of water suspension will be per
formed by emission spectroscopy, and results will 
be used to control the progress of the decontamina
tion process as well as recirculation of the water 
flow. 

Development of the Concrete EHS System is 
planned in three phases. Feasibility of the 
electro-hydraulic technology for concrete scabbling 
is the Phase I laboratory study. An integrated 
sub-scale system will be built and tested in the 
laboratory and at a DOE site in Phase II. 

Phase III involves an operational demonstration at 
a DOE site. ORNL and Fernald are being consid
ered for tests and demonstrations. 

TECHNOLOGY NEEDS 

Contamination of concrete structures by radionu
clides, hazardous heavy metals, and organic sub
stances has occurred at many DOE sites. In many 
instances, the contaminants penetrate into the con
crete to such depths that surface cleaning is not 
sufficient. Complete demolition of the concrete 
structure would result in the generation of large 
quantities of contaminated and/or mixed waste that 
requires regulated disposal. The problems of cost 
and the logistics of regulated disposal of large quan
tities of mixed waste are significant. To overcome 
these problems, research in new technologies is 
necessary to decontaminate concrete. 

ACCOMPLISHMENTS 

The feasibility of thin surface layer removal (shal
low scabbling, 3-5mm) has been demonstrated. 
Scabbling of concrete areas covered by a thin 
(2-3mm) layer of water has also been demonstrated. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

This technology is being developed by Textron 
Defense Systems as part of a PRDA project. 
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For further information, please contact: 

Victor Goldfarb 
Principal Investigator 
Textron Defense Systems, Inc. 
2385 Revere Beach Parkway 
Everette, MA 02149 
(617) 381-4325 

Kelly Pearce 
Project Manager 
U.S. Department of Energy 
Morgan town Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 285-5424 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 

Management Plan (draft). 
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2 .9 ELECTROKINETIC DECONTAMINATION 
OF C O N C R E T E 

TASK DESCRIPTION 

The objective of this task is to develop an in situ 
non-abrasive electrokinetic process for efficient re
moval of contaminants from concrete with a limited 
generation of secondary waste. ISOTRON® Cor
poration has developed an electrokinetic process for 
in situ removal of contaminants such as radioiso
topes, heavy metals, and organics from porous con
crete. This method provides a viable alternative to 
scabbling or physical abrasion. The secondary waste 
generated by this process, contaminated electrolyte 
solutions or other ion-sorbent material, are readily 
disposed of by conventional ion immobilization 
technologies. 

The technology developed for electrokinetic decon
tamination of concrete surfaces applies an electrical 
field to induce migration of ionic contaminants 
from within the porous concrete into the 
ISOTRON® decontamination unit. The system has 
the following components: polymer matrix, elec

trolyte solution, and electrode. See Figure 2.9. The 
electrolyte solution is in contact with the concrete 
surface through ISOTRON®'s proprietary poly
meric matrix. The solution contains various 
complexants and other materials to promote forma
tion of a soluble ionic complex for each contami
nant present. 

The polymeric matrix provides a highly conductive 
media for charged ionic complexes, yet remains 
impermeable to the bulk solution. It can also be 
formulated to serve as a capture media for a specific 
contaminant. All contaminants are collected in 
either the aqueous electrolyte solution and/or in the 
proprietary polymeric matrix. Both of these can be 
treated and disposed of by conventional technolo
gies. An advanced version of the ISOTRON® 
system is intended to introduce a "gel-cell" concept 
that will permit the process to occur with a carpet-like 
device that will eliminate any aqueous liquids. 

Development of the electrokinetic technology for 
decontamination of concrete surfaces is planned as 

a single phase project. 
Laboratory-scale test
ing and procedures to 
verify the design were 
done at the beginning 
of Phase I. Field 
pilot-scale demonstra
tions are in progress at 
ORNL. Phase I will be 
completed with a thor
ough evaluation and 
report on the technical 
feasibility, cleanup lev
els, and cost analysis. 
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Figure 2.9. The ISOTRON® Decontamination Unit. 
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TECHNOLOGY NEEDS 

Conventional decontamination methods, such as 
mechanical scabbling or physical abrasion to cleanup 
concrete surfaces contaminated by radioactive iso
topes, heavy metals, and organics can create prob
lems. Generation of large quantities of secondary 
waste and highly toxic fine particles can result, 
posing a hazard to workers. Proper protection for 
workers must be implemented. 

Additionally, the disposal of high quantities of 
contaminated concrete and the associated waste is 
expensive. Thus, it is necessary to develop methods 
to decontaminate concrete. 

ACCOMPLISHMENTS 

Contaminants have been extracted from concrete 
using and advanced development electrokinetic pro
cess. Post decontamination characterization is in 
progress. 

COLLABORATION/TECHNOLOGY 
TRANSFER 
This technology is being developed by ISOTRON® 
Corporation as part of a PRDA project. 

For further information, please contact: 

Henry L. Lomasney 
Principal Investigator 
ISOTRON® Corporation 
13152 Chef Menteur Highway 
New Orleans, LA 70129 
(504) 254-4624 

Jamie Roby 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 285-5452 

Jerry M . Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 

Management Plan (draft). 
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2.10 DECONTAMINATION AND CONVERSION OF 
NICKEL RADIOACTIVE SCRAP METAL 

TASK DESCRIPTION 

The objective of this task is to develop and success
fully demonstrate a technically effective and cost 
efficient process using the inductoslag refining (ISR) 
process to remove and/or reduce the radioactive 
contamination of nickel. 

Melt refining is a potential economic alternative for 
decontamination of nickel radioactive scrap metal 
(RSM). Melt refining using the ISR process on 
contaminated nickel will yield a product with sig
nificantly reduced radioactive contamination. 
Metallic contaminants are removed from metals or 
alloys by preferential oxidation through contact of 
the molten metal with a reactive slag. The oxidized 
contaminants are then separated from the metal by 
incorporation into the slag. 

Uranium and transuranic (TRU) elements are easily 
oxidized and may be readily removed from nickel by 
melt refining. Technetium removal is more diffi

cult, but can be made thermodynamically favorable 
by proper choice of fluxing agents and process 
conditions. The greatest degree of technetium 
removal will be achieved by maximizing contact 
between the slag and molten metal. The ISR process 
has been conceived to maximize the contact be
tween metal and slag while providing the ability to 
independently control process temperature. Figure 
2.10 shows a schematic of the ISR process. 

This process for decontamination of nickel RSM 
and conversion of the metal to useful new products 
will be developed in four phases. The first phase 
will include laboratory-scale investigation of pro
cess conditions, demonstration of stainless steel 
production from the decontaminated metal, deter
mination of process economics, and a study of the 
market for products from the recycled nickel. 
Scale-up and testing of processing subsystems will 
occur in the second phase. Phase III will encompass 
integrated testing of the process. Phase IV will 
include full-scale testing and evaluation of 

Inductoslag Process for Recovery of Radioactively-Contaminated Nickel 

Phase I Experiments 

Contaminated nickel is melted and held in top crucible. 

Molten nickel is released when temperature is stabilized at 
desired value. 

Nickel is converted to fine droplets by passing through 
crucible orifice. 
Nickel droplets are refined by passing through reactive 
molten slag. 

Refined nickel is collected at bottom of crucible. 
Experiment is performed within inductively heated graphite 
susceptor, allowing uniform heating of system and accurate 
temperature control. 

Experimental Arrangement 

Figure 2.10. The Inductoslag Refining Process. 
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For further information, please contact: 

Alan L. Liby 
Principal Investigator 
Manufacturing Sciences Corporation 
804 Kerrhollow Road 
Oak Ridge, TN 37830 
(615) 481-0455 

Jagdish Malhotra 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 291-4053 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 

the technology for decontamination and conver
sion of RSM to high-value products. 

TECHNOLOGY NEEDS 

Decommissioning of DOE facilities will generate 
vast quantities of RSM from process equipment, 
utilities, and structures. Nickel makes up about 19 
percent of the total expected scrap volume, but may 
carry more than 84 percent of the total value based 
upon current scrap prices. Nickel has been con
taminated with uranium compounds, fission prod
ucts such as technetium-99, and trace amounts of 
neptunium, plutonium, and americium. The con
tamination cannot be completely removed by con
ventional surface decontamination methods. 
Cost-effective technologies are needed to remove or 
reduce the contamination in order to permit recycle 
or reuse of this valuable resource. 

ACCOMPLISHMENTS 

Stainless steel that met industry standards was made 
from contaminated nickel. Advanced development 
slag refining process was unable to remove techne
tium from nickel. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

This technology is being developed by Manufactur
ing Sciences Corporation as part of a PRDA project. 
Manufacturing Sciences Corporation is a manufac
turer of products from recycled specialty metals, 
including depleted uranium, beryllium, and 
radioactively-contaminated scrap metals. 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 

Management Plan (draft). 
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FACILITY DISMANTLEMENT 
AND MATERIAL DISPOSITION 

TECHNOLOGIES 

Section 3.0 
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3.1 MOBILE W O R K SYSTEM FOR 
DECONTAMINATION AND DECOMMISSIONING 

TASK DESCRIPTION 

T h e objective of this task is to develop 
and demonstrate a mobile work system capable of 
performing a wide range of decommissioning tasks 
in nuclear environments. The Remote Work Ve
hicle (RWV), an existing tele-operated work system 
built originally for nuclear accident recovery at the 
Three Mile Island, will be upgraded through intro
duction of a more sophisticated control system, 
fabrication of new tooling, and simultaneous en
hancement and simplification of the operator con
trol . See Figure 3.1. 

The most important attribute of the RWV mobile 
work system is its ability to address a variety of 
relevant decommissioning problems. The Rosie 
locomotor is an omni-directional wheeled mobile 
robot, a configuration that is well-matched to the 
predominantly flat floors of D O E facilities. It has 
a high-reach telescoping boom capable of position
ing dexterous manipulators and heavy tooling 
throughout a large work space. Rosie will deploy 
ORNL's Dual Arm Work Module (DAWM) as its 
primary payload and deploy a variety of tooling for 
dismantlement operations. This will allow Rosie to 
perform a wider range of tasks than its predecessors. 

Programmable robots are generally subopti-
mal for decontamination and dismantlement 
tasks because the operating environment is 
poorly structured. This work system will use 
tele-robotic control, in which the operator is 
relieved of the details of implementing inten
tions. This allows the operator to concentrate 
on higher-level objectives. Motion coordina
tion, execution of trivial low-risk actions, and 
monitoring of system status are relegated to a 
computer control system. The operator inter
acts with the control system via graphical 
displays and a small number of input devices. 

Scene analysis will generate a description of 
the objects in the robot's task space. Task 
space data will serve as input to planning 
algorithms to sequence robot motions and 
enforce safeguards. From the same informa
tion, a single display of the work system and 
objects in its surroundings will be generated. 
Viewed from any perspective, the display will 
also provide a means for human/robot interac
tion through which the work system can be 
commanded at a high level. 

Initial work system and tooling configurations 
will address a wide variety of tasks. The design 
incorporates spare conductors, power, and con
trols to add tooling to meet future working 

Figure 3 .1 . Mobile Decontamination Platform. 
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scenario challenges. The control system will be 
adaptable and expandable to accommodate system 
changes and upgrades. 

This work system is being designed to reliably and 
safely withstand the rigors of heavy work over peri
ods of years. Because this system will go from 
worksite to worksite, it must be decontaminated 
upon exit. Seals, finishes, and materials are de
signed to resist contamination and to be amenable 
to decontamination procedures such as wash-down, 
wipe-down, and chemical treatment. 

The development of the mobile work system in
volves three phases. Phase I of development in
volves design of the sub-scale model RWV I and 
cold testing of the sub-scale unit. Phase II will 
develop and test the full-scale system RWV II. This 
phase will include field testing and a cold demon
stration. Phase III will be the final development of 
the mobile work system. It will include field testing 
of the full-scale RWV II and hot testing. 

TECHNOLOGY NEEDS 

Mobile robotic work systems have not yet been 
developed and demonstrated to address the wide 
range of tasks required for decontamination and 
dismantlement of D O E facilities. These tasks in
clude: equipment disassembly and dismantling, 
size reduction, packaging and removal of materials, 
decontamination of structures and building sur
faces, and surveys and mapping to assure effective 
reduction of contamination and regulatory compli
ance. To keep within as low as reasonably allowable 
(ALARA) standards, as well as to minimize worker 
exposure to contaminants and other hazards, these 
tasks must be performed with remote equipment to 
the maximum possible extent. To achieve accept
able levels of productivity and safety, it is also 
necessary to develop capabilities for the work system 
to model the structure of its environment so tasks 
can be performed tele-robotically. 

ACCOMPLISHMENTS 

• Completed upgrade and testing of existing 
prototype. 

• Completed detailed design of the Phase II 
prototype to include specifications and re
quirements of decommissioning program. 

• Developed requirements and prototype for a 
semi-automatic task space scene analysis sys
tem. Fabrication of Phase II prototype is 
ongoing. 

For further information, please contact: 

James Osborne 
Principal Investigator 
Carnegie Mellon University 
Building C-Field Robotics Center 
5000 Forbes Avenue 
Pittsburgh, PA 15213 
(412) 268-6553 

Vijendra Kothari 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 291-4579 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, M D 20874-1290 
(301) 903-7914 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 

Management Plan (draft). 
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3.2 ASBESTOS PIPE-INSULATION 
REMOVAL SYSTEM 

TASK DESCRIPTION 

The objective of this task is to develop and demon
strate a mechanical asbestos removal system that can 
be remotely operated without a containment area. 
The system will meet local and federal standards on 
asbestos fiber count in the environment. 

Th i s technology, known as BOA, consists 
of a pipe-crawler and boom vehicle system with dual 
robots . See Figure 3 .2 . A p ipe-crawl ing , 
asbestos-removal robot is supported by a mobile, 
boom-vehicle robot that places the pipe-crawling 
robot and then seals and bags removed asbestos. 
The dual robot system can work on pipes from 8 to 
30 feet above the ground. It can travel on pipes 
between 4 to 8 inches in diameter. The system 
maneuvers around pipe obstacles, such as pipe hang
ers, and operates on different pipe materials such as 
carbon steel, stainless steel, or copper. It can cut 
through various types of insulation cladding, such 
as plaster tape, aluminum lagging, wire mesh, plas

tic boots, or pipe clamps. The dual robot system can 
also adapt to inconsistent insulation thickness. It 
can reduce fiber emissions to allowable levels, while 
feeding removed asbestos containing material 
(ACM) and lagging into a sealed bagging system. 

Lagging and asbestos insulation are sliced by several 
tapered cutting blades and sharp rotating cutters. 
The insulation is removed from the pipe by the 
driving action of the crawler. The crawler pushes 
into and under the insulation, compressing it against 
a tapered section. The removed insulation is then 
ejected from underneath the crawler, where it passes 
through a compliant metal bellows and into the 
automated bagging system supported by the mobile 
boom vehicle. The packaged insulation is lowered 
to the ground. It can be taken to a disposal site or 
further treated. Asbestos fibers are contained by 
drawing a vacuum on the entire removal module 
using an off-board pump. A small sealant unit 
sprays the stripped pipe with an encapsulant mate
rial. Multiple proximity sensors and a remote 

Figure 3.2. The BOA System. 
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viewing camera enable the crawler unit to detect 
and avoid pipe obstacles. 

This technology offers many advantages over con
ventional ACM removal methods: (1) increased 
asbestos removal rates, (2) reduction in the number 
of abatement personnel, (3) full containment and 
seal operations, and (4) removal and packaging of 
asbestos for easy processing/disposal. 

Development of the BOA technology will occur in 
two phases over a two-year period. Phase I will 
develop a prototype BOA pipe-crawler robot. BOA 
tests will be conducted on straight runs of pipe with 
hangers in a mock-up piping facility using cladded, 
fiberglass insulated pipe. Phase II will integrate the 
BOA pipe crawler robot with the boom-vehicle 
robot. Operation of the BOA pipe crawler will be 
improved by enabling it to maneuver around hang
ers, valves, bends, and pipe junctions. 

TECHNOLOGY NEEDS 

Most of the steam and process piping in D O E 
facilities is clad and insulated with ACM, which 
must be removed before any decontamination and 
dismantling activity. Manual removal is expensive 
and time consuming because of the carcinogenic 
nature of asbestos fibers, radiological contamina
tion, and abatement regulations from EPA and 
Occupational Safety and Health Administration 
(OSHA). Current manual methods require sub
stantial infrastructure for scaffolding, containment 
areas, and air monitoring, which results in low 
asbestos removal rates. 

New technologies such as the BOA system must be 
researched and developed to improve the removal of 
asbestos from pipes. 

ACCOMPLISHMENTS 

Conceptual design for system is complete. Cut and 
removed asbestos from straight section of piping 
(no valves or hangers were in section) with advanced 
development removal system. 

For further information, please contact: 

Dr. Hagen Schempf 
Principal Investigator 
Carnegie Mellon University 
Building C-Field Robotics Center 
5000 Forbes Avenue 
Pittsburgh, PA 15213 
(412) 268-6884 

Steven J. Bossart 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 291-4403 

Jerry M . H y d e 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, M D 20874-1290 
(301) 903-7914 

T T P Number: MEOOl 101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Phase I Topical Report (draft). 

Management Plan (draft). 
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3.3 STAINLESS STEEL BENEFICIAL 
REUSE DEMONSTRATION 

TASK DESCRIPTION 

This demonstration utilizes developed technology 
to melt stainless steel radioactive scrap metal (RSM) 
and re-fabricate the metal into storage containers. 
The RSM to be recycled is type 304 stainless steel, 
originating primarily from Savannah Rivet Site 
(SRS). The RSM will come from several sources 
such as process water heat exchangers, primary 
piping, and contaminated transfer equipment. All 
RSM will qualify as Low Specific Activity (LSA) 
items as defined by Department of Transportation 
(DOT) regulations. The 304 stainless steel finished 
products will be 100-cubic foot boxes and 55-
gallon drums. 

Up to 200 tons of RSM will first be processed and 
packaged at the DOE sites. Next, the metal will be 
shipped to private industrial companies for the 
melting and fabrication steps. The finished prod
ucts will be shipped back to the DOE sites for use as 
containers for long-term, temporary, above-ground 
storage. Researchers expect the stainless steel con
tainers to retain their integrity for over a century in 
most environmental conditions. Since the contain
ers are made from RSM, they must be utilized in a 
"controlled" scenario — not normal commercial or 
"free release" marketplaces. 

This demonstration is the initial step in the stainless 
steel RSM recycle industrialization program. The 
program has three steps: (1) the Demonstration or 
Convergence Phase, where government and indus
try converge on the best relationship for manufac
turing products, (2) the Commitment Phase, where 
private industry invests and produces products to a 
market committed by government (a partnership of 
government and industry during this Phase may be 

necessary), and (3) the Completion Phase, where a 
self-sustaining RSM recycle industry exists without 
the need for explicit government financial support. 
Eventually, regional RSM recycle centers will be 
built on or close to some DOE sites. 

TECHNOLOGY NEEDS 

Interested DOE sites and other organizations can 
request a number of the boxes and/or drums fabri
cated from the recycled RSM for test storage con
tainers. 

ACCOMPLISHMENTS 

Proposals from private industry for the RSM melt 
and subsequent fabrication of boxes and drums 
were received in early 1994. Subcontracts were 
awarded in FY94, with products being delivered 
starting in FY95. The accumulation and packaging 
for shipment of the needed RSM has been initiated. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

As the demonstration proceeds, Phase 2 will be 
initiated. Current plans are to invite private com
panies to provide offers to undertake the recycling 
of the 6800 tons of RSM contained in the SRS Heat 
Exchangers. The private companies selected for the 
Phase 1 work will provide their offers for the Phase 
2 activity as part of their subcontracts. 

43 



For further information, please contact: 

W. L. Boettinger 
Principal Investigator 
Westinghouse Savannah River Co. 
P.O. Box 616 
Aiken, SC 29802 
(803) 725-4833 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 

TTP Number: SR142003 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Preliminary Cost Estimates for the Fabrication of 
Waste Containers from Stainless Steel for Use Within 
the Department of Energy Complex (draft). 
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3 A RECYCLE OF CONTAMINATED METALS 

TASK DESCRIPTION 

The objective of this task is to demonstrate a process 
forconvertingcontaminatedscrap into usable waste 
containers for burial or storage of contaminated 
materials. The scrap metal will be decontaminated 
by shot blasting for removal of surface contamina
tion, followed by a smelting process to reclaim the 
ferrous materials. The melted metal will be cast into 
ingots for further processing into rolled metal sheets 
or other metal forms, and finally into DOE-approved 
waste containers. SEG will cast the metal ingots and 
subcontract the metal ingot processing and con
tainer fabrication to Lukens Steel Shenango, Inc., 
and Ribbon Technologies. Several different types 
of containers or container materials will be fabri
cated under this project. These include metal (B-25 
type) boxes, stainless steel cylindrical vitrification 
containers, metal reinforced concrete boxes, and 
rebar reinforcement materials. The results from 
this demonstration will provide unit cost data to 
help evaluate the cost effectiveness of the recycle 
process by which the metal processing will be ac
complished. 

TECHNOLOGY NEEDS 

The task will provide a demonstration of available 
technologies and techniques for the decontamina
tion and recycle of DOE contaminated metal re
sources. This process data will assist DOE with 
maximum recycle and reuse of valuable resources 
and waste minimization. These are primary DOE 
goals in environmental restoration. 

ACCOMPLISHMENTS 

Accomplishments include design of the metal con
tainers, the successful shipment and receipt of con
taminated scrap metal from FERMCO to SEG's 
facility, and the decontamination of approximately 
20 tons of the scrap materials. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

Westinghouse Scientific Ecology Group, Fluor 
Daniel Environmental Restoration Management 
Company, Lukens Steel Shenango, Inc., and Rib
bon Technologies are participating in this PRDA 
project. 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

Management Plan (draft). 

For further information, please contact: 

Ray Meyer 
Principal Investigator 
Scientific Ecology Group 
P.O. Box 2530 
1560 Bear Creek Road 
Oak Ridge, TN 37831-2530 
(615) 376-8134 

Johnny Moore 
Program Manager 
U.S. Department of Energy 
Oak Ridge Operations Office 
P.O. Box 2001 
Oak Ridge, TN 37831 
(615) 576-3536 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 
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3.5 ELECTROMAGNETIC M I X E D W A S T E 
PROCESSING SYSTEM FOR ASBESTOS 

DECONTAMINATION 

TASK DESCRIPTION 

The objective of this task is to develop and demon
strate a multi-stage process for removing and sepa
rating hazardous and radioactive materials from 
asbestos. This process consists of three methods: 
(1) acid attack, which converts the asbestos to a 
sanitary waste, (2) electrochemical processing to 
remove heavy metals, Resource Conservation and 
Recovery Act (RCRA) wastes, and radionuclides, 

and (3) dielectric heating to volatilize the organic 
materials. 

The process offers several potential applications and 
benefits: (1) potential destruction of over 99 per
cent of the asbestos, (2) limitation of radioactive 
metal contamination to 0.2 Bq alpha per gram, (3) 
reduction of hazardous organics to levels compat
ible with current EPA policy for RCRA delisting, 
(4) achievement of toxicity characteristic leaching 
procedure (TCLP) limits for all solidified wastes, 
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(5) stabilization of hazardous and radioactive waste 
according to RCRA, EPA and the U.S. Nuclear 
Regulatory Commission (NRC), and (6) preven
tion of mixed waste by separating radioactive and 
hazardous materials. 

The electromagnetic mixed waste processing system 
employs three patented technologies to convert 
asbestos to a non-hazardous, radionuclide-free, sani
tary waste: (1) higher-shear acid decomposition, (2) 
electrochemical separation, and (3) radio frequency 
heating. See Figure 3.5. The asbestos is decomposed 
to an amorphous silica suspension using a high-
shear acid process. Radionuclides and heavy metals 
are separated from this suspension by an electro
chemical process, and the result is then heated with 
radio frequency energy to remove the volatile or-
ganics. Finally, the amorphous silica is solidified 
with sodium silicate for disposal. 

TECHNOLOGY NEEDS 

DOE sites contain a broad spectrum of asbestos 
materials—cloth, pipe lagging, sprayed insulation, 
and other substances—that are contaminated with 
a combination of hazardous and radioactive wastes. 
These wastes consist of cutting oils, lubricants, 
solvents, PCBs, heavy metals, and radioactive con
taminants. The radioactive contaminants are prod
ucts of activation, decay, and fission of DOE 
operations. The asbestos must be removed and 
separated from hazardous and radioactive materials 
to prevent the formation of mixed wastes, and to 
allow for both sanitary disposal and effective decon
tamination. New technologies must be tested to 
meet these criteria. 

COLLABORATION/TECHNOLOGY 
TRANSFER 

The technology is being developed by KAI Tech
nologies, Inc. as part of PRDA project. 

TTP Number: ME001101 

BIBLIOGRAPHY OF KEY PUBLICATIONS 

None at this time. 

For further information, please contact: 

Raymond Kasevich 
Principal Investigator 
KAI Technologies 
170 West Road 
Portsmith, NH 03801 
(617) 932-3328 

Steve Bossart 
Project Manager 
U.S. Department of Energy 
Morgantown Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
(304) 291-4543 

Jerry M. Hyde 
Program Manager 
U.S. Department of Energy 
Cloverleaf Building 
19901 Germantown Road 
Germantown, MD 20874-1290 
(301) 903-7914 
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4.0 DOE BUSINESS OPPORTUNITIES 

WORKING WITH THE DOE OFFICE OF ENVIRONMENTAL MANAGEMENT 

DOE provides a range of programs and services to assist universities, industry, and other private-sector 
organizations and individuals interested in developing or applying environmental technologies. Working 
with DOE Operations Offices, as well as management and operating contractors, EM employs a number 
of mechanisms to identify, integrate, develop, and adapt promising emerging technologies. These 
mechanisms include contracting and collaborative arrangements, procurement provisions, licensing of 
technologies, consulting arrangements, reimbursable work for industry, and special consideration for small 
business. EM facilitates the development of subcontracts, R&D contracts, and cooperative agreements to 
work collaboratively with the private sector. 

COOPERATIVE RESEARCH AND DEVELOPMENT AGREEMENTS (CRADAS) 

CRADAs are mechanisms for collaborative R&D. They are agreements between a DOE R&D laboratory 
and any non-federal source to conduct cooperative R&D that is consistent with the laboratory's mission. 
The partner may provide funds, facilities, people, or other resources. DOE provides the CRADA partner 
with access to facilities and expertise; however, external participants receive no federal funds. Rights to 
inventions and other intellectual property are negotiated between the laboratory and the participant. 
Certain generated data may be protected for up to five years. Several companies may combine their resources 
to address a common technical problem. Funds can be leveraged to implement a consortium for overall 
program effectiveness. 

PROCUREMENT MECHANISMS 

DOE-EM procurement mechanisms are for technology development in the form of unsolicited proposals 
and formal solicitations, although the latter are preferable. The principal contractual mechanisms used by 
EM for industrial and academic response include Research Opportunity Announcements (ROAs) and 
Program R&D Announcements (PRDAs). 

EM utilizes the ROA to seek advanced research and technologies for a broad scope of cleanup needs. The 
ROA supports applied research ranging from concept feasibility to full-scale testing. In addition, the ROA 
is open continuously for a full year following the date of issue and includes a partial procurement set-aside 
for small businesses. Typically, ROAs are published annually in the Federal Register, announced in the 
Commerce Business Daily, and provide multiple awards. 

PRDAs are program announcements which solicit a broad mix of advanced development and demonstration 
proposals. A PRDA requests proposals for a wide-range of technical solutions to specific EM problem areas. 
Multiple awards, which may have distinct approaches or concepts, are generally made. Numerous PRDAs 
may be issued each year. 

EM awards grants and cooperative agreements if 51% or more of the overall value of the effort is related to 
a public interest goal. Such goals include possible non-DOE or other federal agency participation and 
advancement of present/future U.S. capabilities in domestic and international environmental cleanup 
markets. They may also include technology transfer, advancement of scientific knowledge, or education and 
training of individuals as well as business entities 
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For more information about PRDAs and ROAs, contact: 

Tom Martin 
U.S. Department of Energy 

Morgantown Energy Technology Center 
P.O. Box 880, MS 107 

Morgantown, West Virginia 26507 
(304) 285-4087 

LICENSING OF TECHNOLOGIES 

DOE contractor-operated laboratories can license DOE/EM-developed technology and software. In 
situations where DOE retains the ownership of a new technology, the Office of General Counsel will serve 
as the licensing agent. Licensing activities are conducted according to existing D O E intellectual property 
provisions. 

TECHNICAL PERSONNEL EXCHANGE ASSIGNMENTS 

Personnel exchanges provide opportunities for scientists from private industry and DOE laboratories to 
work together at various sites on environmental restoration and waste management problems. Private 
industry must contribute substantial cost-sharing for these personnel exchanges. To encourage such 
collaboration, the rights to any resulting patents go to the private sector company. These personnel 
exchanges, which can last from three to six months, result in the transfer of technical skills and knowledge. 

CONSULTING ARRANGEMENTS 

Laboratory scientists and engineers are available to consult in their areas of technical expertise. Most 
contractors which operate laboratories have consulting provisions. Laboratory employees who wish to 
consult can sign non-disclosure agreements, and are encouraged to do so. 

REIMBURSABLE WORK FOR INDUSTRY 

DOE laboratories are available to perform work for private industry and other federal agencies, as long as 
the work pertains to the mission of a respective laboratory and does not compete with the private sector. The 
special technical capabilities at DOE laboratories are incentives for the private sector to use DOE's facilities 
and contractor expertise. An advanced class patent waiver gives ownership of any inventions resulting from 
the research to the participating private sector company. 

INTERACTIONS WITH SMALL BUSINESSES 

EM seeks the participation of small businesses in its RDDT&E programs (1) through collaborative efforts 
with the National Laboratories, or (2) directly via solicitations issued by the DOE Small Business 
Innovation Research (SBIR) Program Office and the Small Business Technology Transfer (T2) Pilot 
Program (STTR). EM also has established a partial procurement set-aside for small firms (500 employees 
or less) for applied research projects through its ROA. 
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For further information about SBIR and STTR programs, please contact: 
U.S. Department of Energy 

Small Business Innovation Research Program Hotline 
ER-16 GTN 

Washington, D.C. 20585 
(301) 903-5707 

EM CENTER FOR ENVIRONMENTAL MANAGEMENT INFORMATION 

The EM Center for Environmental Management Information is designed to provide ready access to 
prospective research and business opportunities in waste management, environmental restoration, and 
decontamination and decommissioning activities. The Center can identify links between industry technolo
gies and program needs. It connects potential partners to an extensive complex-wide network of DOE 
headquarters and operations office contacts. 

To reach the EM Center for Environmental Management Information, call 1-800-736-3282. 

OFFICES OF RESEARCH AND TECHNOLOGY APPLICATIONS 

The Offices of Research and Technology Applications (ORTA) serve as technology transfer agents for the 
federal laboratories. They coordinate technology transfer activities among laboratories, industry, and 
universities. ORTA offices license patents and foster communication between researchers and technology 
customers. 

ORTA Contacts: 

Laboratory 

Ames Laboratory 

Argonne National Lab 

Brookhaven National Lab 

Fermilab 

Idaho National Engineering Lab 

Lawrence Berkeley Lab 

Lawrence Livermore National Lab 

Los Alamos National Lab 

Morgantown Energy Technology Ctr 

National Renewable Energy Lab 

Oak Ridge Institute/Science & Ed 

Contact 

Todd Zdorkowski 

Shari Zussman 

Margaret Bogosian 

John Vernard 

Ann Rydalch 

Cheryl Fragiadakis 

Dave Conrad 

Pete Lyons 

Rodney Anderson 

Dana Moran 

Mary Loges 

Phone Number 

(515) 294-5640 

(708) 252-5361 

(516) 282-7338 

(708) 840-2529 

(208) 526-1010 

(510) 486-6467 

(510) 422-7839 

(505) 665-9090 

(304) 285-4709 

(303)275-3015 

(615) 576-3756 
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Laboratory 

Oak Ridge National Lab 

Pacific Northwest Lab 

Pittsburgh Energy Technology Center 

Princeton Plasma Physics Lab 

Sandia National Lab 

Savannah River Technology Center 

Stanford Linear Accelerator Center 

Westinghouse Hanford Company 

Contact Phone Number 

Bill Martin (615) 576-8368 

Marv Clement (509) 375-2789 

Kay Downey (412) 892-6029 

Lew Meixler (609) 243-3009 

Warren Siemens (505) 271-7813 

Jack Corey (803)725-1134 

Jim Simpson (415)926-2213 

Dave Greenslade (509) 376-5601 
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5.0 ACRONYM LISTING 

ACM Asbestos-Containing Material 

ALARA As Low As Reasonably Achievable 

AWD AWD Technologies, Inc. 

AWPS Advanced Worker Protection System 

BIR Bio-Imaging Research, Inc. 

CLR Coherent Laser Radar 

CRADA Cooperative Research and Development Agreement 

CRC Coleman Research Corporation 

CT Computed Tomography 

D&D Decontamination and Decommissioning 

DT&E Demonstration, Testing and Evaluation 

DAWM Dual Arm Work Module 

DoD U.S. Department of Defense 

DOE U.S. Department of Energy 

DOT U.S. Department of Transportation 

ECT Emission Computed Tomography 

EHS Electric-hydraulic Scabbling 

EM Office of Environmental Restoration and Waste Management 

EPA U.S. Environmental Protection Agency 

GC Gas Chromatograph 

GD Gaseous Diffusion 

HARE Hazard Avoidance and Reconnaissance Extender 

HEPA High-Efficiency Particulate Air 

HLW High-level Waste 

ID Integrated Demonstration 

IP Integrated Program 

ISR Inductoslag Refining 

LSA Low Specific Activity 

M&O Management and Operations 
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MS Mass Spectrometer 

MTR Membrane Technology and Research, Inc. 

MVS Molecular Vibrational Spectrometry 

NASA National Aeronautics and Space Administration 

NDA Non-destructive Assay 

NIOSH National Institute for Occupational Safety and Health 

NRC Nuclear Regulatory Commission 

ORNL Oak Ridge National Laboratory 

ORTA Office of Research and Technology Applications 

OSHA Occupational Safety and Health Administration 

O T D Office of Technology Development 

PCBs Polychlorinated Biphenyls 

PRDA Program Research and Development Announcement 

R&D Research and Development 

RDDT&E Research, Development, Demonstration, Testing and Evaluation 

RCRA Resource Conservation and Recovery Act 

ROA Research Opportunity Announcement 

ROV Remote Operated Vehicle 

RSM Radioactive Scrap Metal 

RTR Real-Time Radiography 

RWV Remote Work Vehicle 

STTR Small Business Technology Transfer Pilot Program 

SBIR Small Business Innovation Research 

SCBA Self-Contained Breathing Apparatus 

SEG Scientific Ecology Group (Westinghouse) 

SPECT Single Photon Emission Computed Tomography 

SRS Savannah River Site 

TCLP Toxicity Characteristics Leaching Procedure 

3D-ICAS Three-Dimensional Integrated Characterization and Archiving System 

TTP Technical Task Plan 

WIT Waste Inspection Tomography 
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6.0 APPENDIX 

Technical Task Plans (TTPs) identify and summarize funded work managed by OTD at headquarters, the 
field and the national laboratories. All tasks require aTTP number, which contains eight characters assigned 
by DOE Headquarters. The format consists of two alpha characters followed by six numerical characters. 
Characters 1 and 2 designate the DOE Operations Office/Funding Allotment Code. Character 3 denotes 
the laboratory/contractor/university designator. Character 4 denotes the fiscal year in which the task is first 
funded. The below characters reflect TTPs from FY94-95. 

Characters 1, 2 & 3 

ALO Albuquerque Operations Office 

AL1 Los Alamos National Laboratory (LANL) 

AL2 Sandia National Laboratory, Albuquerque (SNLA)/Martin'Marietta 

AL3 Sandia National Laboratory, Livermore (SNLL) 

AL4 Kansas City Plant (KCP)/Allied-Signal Aerospace 

AL9 RUST GEOTECH 

CHO Chicago Operations Office 

CH1 Ames Laboratory 

CH2 Argonne National Laboratory (ANL)/University of Chicago 

CH3 Brookhaven National Laboratory (BNL)/Associated Universities, Inc. 

CH5 National Renewable Evergy Laboratory 

FNO Fernald Environmental Management Project (FEMP) 

FN1 Fluor Daniel Environmental Restoration Management Company 

HQO OTD Headquarters 

IDO Idaho Operations Office 

ID1 Idaho National Engineering Laboratory (INEL)/EG&G 

ID4 Westinghouse Idaho Nuclear Company 

ID6 Babcock & Wilcox, Inc 

ID7 Lockheed Idaho Technology Company 

MEO Morgantown Energy Technology Center (METC) 

NVO Nevada Operations Office 

OHO Ohio Operations Office 

OH 1 Fernald Environmental Management Project (FEMP) 
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OH2 EG&G Mound Applied Technologies 

ORO Oak Ridge Operations Office 

OR1 Martin Marietta Energy Systems (MMES) 

OR3 Oak Ridge Institute for Science and Education 

PEO Pittsburgh Energy Technology Center 

PE1 MSE, Inc. 

RFO Rocky Flats Environmental Technology Office 

RF1 Rocky Flats Plant/EG&G 

RLO Richland Operations Office 

RL2 Kaiser Engineers Hanford Company (KEH) 

RL3 Pacific Northwest Laboratory (PNL)/Battelle Memorial Institute 

RL4 Westinghouse Hanford Company 

RL5 Bechtel Hanford 

SFO Oakland Operations Office 

SFl Lawrence Berkeley Laboratory (LBL)/University of California 

SF2 Lawrence Livermore National Laboratory (LLNL)/University of California 

SF3 Energy Technology Engineering Center (ETEC) 

SRO Savannah River Operations Office 

SRI Westinghouse Savannah River Company (WSRC) 
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Character 4 

1 FY 1991 
2 FY 1992 
3 FY 1993 
4 FY 1994 
5 FY 1995 
6 FY 1996 
7 FY 1997 
8 FY 1998 
9 FY 1999 
0 FY 2000 


