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Nuclear Waste Technical Review Board
Members: Curricula Vitae

Dr. John E. Cantlon, Chair

President George Bush appointed Dr. Cantlon to chair the Nuclear Waste Technical Review Board on May 27,
1992. His term of office will expire April 19, 1996. President Ronald Reagan first appointed Dr. Cantlon to the
Board on January 18, 1989.

As vice president emeritus for research and graduate studies and former dean of the graduate school at
Michigan State University, Dr. Cantlon brings to the Board more than 20 years of academic and administrative
experience at Michigan State University. After serving six years as academic vice president and provost, he was
appointed to the research and graduate studies position. He retired from Michigan State University on
September 1, 1990. Dr. Cantlon also has served as director of the Environmental Biology Program at the National
Science Foundation.

During the past 30 years, Dr. Cantlon has served on almost two dozen advisory committees with various
academic, government, and private organizations, including the White House, Department of Energy, National
Academy of Sciences, Environmental Protection Agency, National Science Foundation, Oak Ridge National
Laboratory, World Resources Institute, Woods Hole Research Center, and the Boyce Thompson Institute.
Recently he participated in a National Academy of Sciences’ committee, which evaluated and proposed the
final list of possible locations for the Superconducting Super Collider.

Dr. Cantlon is a member of more than a dozen professional organizations and societies. In particular, he has
served as president of the Ecological Society of America; president of the Michigan Academy of Science, Arts,
and Letters; and chairman of the board of the Michigan Energy and Resources Research Association.

With more than 40 years’ teaching and research experience at four universities and the publication of three
dozen professional publications, Dr. Cantlon also is a professor emeritus of botany at Michigan State University.
His diverse research interests include physiological ecology, micro-environments, Alaskan tundra vegetation,
and academic administration and research related to economic development.

Throughout his career, Dr. Cantlon has received numerous awards, including the Distinguished Faculty Award
and Centennial Review Distinguished Lecturer at Michigan State University. In 1986, he was awarded the
Distinguished Faculty Award by the Michigan Council of Governing Boards.

He received a B.S. in biology and chemistry from the University of Nevada (1947) and a Ph.D. in plant ecology
from Rutgers University (1950).

Dr. Cantlon resides in East Lansing, Michigan.
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Dr. Clarence R. Allen

President George Bush appointed Dr. Allen to a second term on the Nuclear Waste Technical Review Board for
a four-year term expiring on April 19, 1996. President Ronald Reagan first appointed Dr. Allen to the Board on
January 18, 1989.

Dr. Allen is professor emeritus in geology and geophysics at the California Institute of Technology, where he
has served as director of the Seismological Laboratory, chairman of the Division of Geological Sciences, and
chairman of the faculty. He has more than 40 years’ teaching experience and is the author of more than 120
professional publications.

Over the last 25 years, Dr. Allen has served in a variety of capacities on almost 30 advisory committees and
professional boards, including the National Academy of Sciences’ Board on Radioactive Waste Management,
Panel on Earthquake Prediction, Geology Section, and Commission on Physical Sciences, Mathematics, and
Resources; as chairman of the National Earthquake Prediction Evaluation Council; chairman of the National
Science Foundation’s Earth Science Advisory Panel; and chairman of the California State Mining and Geology
Board.

He also has been a consultant on major dams and nuclear power plants located throughout the world, including
Argentina, Brazil, Canada, Chile, Costa Rica, Egypt, Haiti, Iran, Iraq, Pakistan, Paraguay, Peru, the Philippines,
Tunisia, the United States, and Venezuela. Dr. Allen has conducted field research in Chile, China, Indonesia,
Japan, Mexico, New Zealand, the Philippines, Taiwan, Tibet, Turkey, the United States, and Venezuela.

Dr. Allenreceived the first G.K. Gilbert Award in Seismic Geology from the Carnegie Institution of Washington.
He has served as president of both the Geological Society of America and the Seismological Society of America
and was elected to the American Academy of Arts and Sciences (1974), the National Academy of Engineering
(1976), and the National Academy of Sciences (1976).

He is a fellow of the Geological Society of America, the American Geophysical Union, and the American
Association for the Advancement of Science and a member of five other professional societies. His wide-ranging
research interests include seismicity, tectonics of fault systems, geologic hazards, earthquake prediction, siting
of critical facilities, and geophysical studies of glaciers.

Dr. Allen is a Phi Beta Kappa graduate from Reed College (1949), where he received a B.A. in physics. He
subsequently received an M.S. in geophysics (1951) and a Ph.D. in structural geology and geophysics (1954)
from the California Institute of Technology.

Dr. Allen divides his time between Pasadena, California, and Copalis Beach, Washington.
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Dr. Garry D. Brewer

President George Bush appointed Dr. Brewer to serve on the Nuclear Waste Technical Review Board for a
four-year term that will expire April 19, 1996.

Dr. Brewer is professor of resource policy and management and dean of the School of Natural Resources and
Environment at the University of Michigan. He has more than 18 years’ teaching experience and is author,
coauthor, or editor of nine books and more than 175 professional publications. He edited Policy Sciences (1974-76,
1990-91) and Simulation & Games (1977-79) and served or serves on the editorial boards of seven other
professional journals, including the Journal of Conflict Resolution and Public Administration Review.

From 1970 to 1974, Dr. Brewer was on the senior staff of the RAND Corporation in Santa Monica, California,
dividing his efforts between strategic studies and evaluations of large-scale social service systems for people
who are disabled. In 1974, Dr. Brewer joined the founding faculty of Yale’s School of Organization &
Management. He then took a year’s leave to become a fellow at the Center for Advanced Study in the Behavioral
Sciences, Palo Alto, California, returning to the Yale faculty in 1975. From 1975 until 1991, Dr. Brewer was a
member of the Yale faculty, holding the Frederick K. Weyerhaeuser Chair (1984-90) and the Edwin W. Davis
Chair (1990-91). He served in leadership roles in Yale’s Center for International and Area Studies and the
Institution for Social and Policy Studies, the latter of which he directed in 1991.

Dr. Brewer’s professional activities include membership on the boards or executive committees of the Woods
Hole Oceanographic Institution (1987-92), the Organization for Tropical Studies (1989-93), and the Yosemite
National Institutes (1990-95). He also serves the National Academy of Sciences as a member of the Board on
Environmental Studies and Toxicology, the Polar Research Board, the Committee on the Outer Continental
Shelf, and the Committee on Environmental Research. Since 1981, he has served on the faculty of the
International Executive Forum of the Western Behavioral Sciences Institute in La Jolla, California, and taught
courses on environmental management at INSEAD, the European Institute of Business Administration in
Fontainebleau, France. He continues to consult with the Rockefeller Brothers Fund for the International
Management Center in Budapest, Hungary.

Professional awards include Yale School of Forestry & Environmental Studies Distinguished Teacher of the
Year (1988 and 1990); the American Fisheries Society’s silver medal (1988); election to the Connecticut Academy
of Arts and Sciences (1990); life membership in the Oceanographic Society (1990); the Fusion de Dos Culturas
silver medal from the government of Mexico (1991); and the Karl Bosworth Award from the American Society
for Public Administration (1991).

Dr. Brewer earned an A.B. in mathematical economics from the University of California, Berkeley (1963) and
an M.S. in public administration (development) at San Diego State University (1966). He earned an M.S. in
public administration (1966), an M.A. (1968) and Ph.D. (with distinction in 1970) in political science from Yale
University. He was a Kent Fellow from 1966 to 1970, after which he was invited to join the fellowship of the
Society for Values in Higher Education.

Dr. Brewer resides in Ann Arbor, Michigan.
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Dr. Edward J. Cording

OnJune 15,1992, President George Bush appointed Dr. Cording to serve on the Nuclear Waste Technical Review
Board for a four-year term that will expire April 19, 1996.

Dr. Cording is professor of civil engineering at the University of lllinois at Urbana-Champaign. He has more
than 25 years’ teaching experience and is author, coauthor, or editor of more than 60 professional publications.
Dr. Cording was the recipient of the 1976 American Society for Testing and Materials Hogentogler Award and
the American Society of Civil Engineers Thomas A. Middlebrooks Award for 1985. He was elected to the
National Academy of Engineering in 1988 and is a member of Chi Epsilon, the civil engineering honor society.

Dr. Cording brings to the Board special expertise in tunneling and tunnel supports and linings, as well as his
knowledge of soil movement, ground stability, large chamber design. He is particularly interested in tunnel
behavior and movement in various soil and rock conditions.

Dr. Cording is a member of the American Society of Civil Engineers and a Fellow of the Geological Society of
America. He served as President of the Commission on Teaching of Rock Mechanics (International Society for
Rock Mechanics) from 1974 to 1981. He is also a member of the Association of Engineering Geologists, the
International Association of Engineering Geologists, and the International Society for Soil Mechanics and
Foundation Engineering. He served the U.S. National Committee on Tunneling Technology as chairperson of
the Commission on Education and Training (1977-1980), vice-chairperson of the Committee (1980-1981), and
chairperson (1981-1982).

Asaconsultant, Dr. Cording has provided geotechnical engineering and applied rock and soil mechanics advice
to governments and organizations around the world. He has been a part of the Washington, D.C. Metro system,
the Baltimore Subway, New York’s Holland Tunnel, and numerous other projects in the United States. Abroad
he has worked with groups in Argentina, Bolivia, Colombia, Rhodesia, South Africa, Zaire, Nepal and Taiwan.

In 1960, Dr. Cording earned a B.S. in geology from Wheaton College in Illinois, where he was elected to the
Wheaton College Scholastic Honor Society. He earned his M.S. (1963) and his Ph.D. (1967) in civil engineering
from the University of Illinois. From 1960 until 1967, he also served variously as a research assistant at the
University of Illinois, as a soils engineer in Chicago and Seattle, as a mining engineer at the Nevada Test Site,
and as a captain (soils engineer) in the U.S. Army Corps of Engineers. In 1967, he began his distinguished
teaching career as a professor of civil engineering at the University of lllinois, Urbana-Champaign.

Dr. Cording resides in Urbana, Illinois.
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Dr. Patrick A. Domenico

President George Bush appointed Dr. Domenico to a four-year term on the Nuclear Waste Technical Review
Board on May 31, 1990.

Dr. Domenico is currently the David B. Harris Professor of Geology at Texas A&M University’s College Station
campus, where he teaches and conducts research in his area of expertise, ground-water hydrology. He has more
than 25 years’ teaching experience and has authored more than 40 professional publications, including a
textbook on ground-water hydrology. Over the past ten years, Dr. Domenico’s research and consulting activities
have focused on hazardous and nuclear waste transport in the subsurface.

In the area of nuclear waste disposal, Dr. Domenico has served the Department of Energy as an adviser to the
scientific program at the Basalt Waste Isolation Project and acted as a consultant to Argonne National
Laboratory on the Deaf Smith and Nevada Test Site projects. Additionally, he served on the Performance
Assessment Board for the Waste Isolation Pilot Plant as consultant to the Sandia National Laboratories.

Dr. Domenico has consulted for many private and governmental organizations, including the International
Bank for Reconstruction and Development, DuPont Chemical Company, and the Edison Electric Institute. In
these positions, he has worked on projects dealing with hydrologic, ground-water supply, geothermal, and
environmental issues.

Dr. Domenico has served on several expert panels, including the Panel on Groundwater Modeling of the
Scientific Community on Problems of the Environment and the National Science Foundation Uranium Mill
Tailings Study Panel. He also was a participant in the planning workshops for the Hydrogeology volume of the
Geology of North America. He is a registered engineer with the state of Nevada.

Through the course of his career, Dr. Domenico has received many prestigious awards, including the Birdsall
Distinguished Lecturer in Hydrogeology (1981-1982), the Distinguished Teaching Award from the College of
Geoscience (1986), and the Distinguished Teaching Award from Texas A&M University (1989).

Dr. Domenico is a cum laude graduate of Syracuse University (1959), where he received a B.S. in geology. He
later received an M.S. inengineering geology from Syracuse (1963) and a Ph.D. in hydrology from the University
of Nevada (1967).

He presently resides in College Station, Texas.
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Dr. Donald Langmuir

President George Bush appointed Dr. Langmuir to a four-year term on the Nuclear Waste Technical Review
Board on June 23, 1992. President Ronald Reagan appointed Dr. Langmuir to his first term on January 18, 1989.

Dr. Langmuir brings to the Board an extensive background in ground-water geochemistry. He is presently a
professor of geochemistry at the Colorado School of Mines, Golden, Colorado. During his career, Dr. Langmuir
has accumulated more than 25 years’ teaching experience at Rutgers University, Pennsylvania State University,
the University of Nevada, the University of Sydney in Australia, and the Colorado School of Mines. He also
has worked in the Water Resources Division of the U.S. Geological Survey.

His research interests include uranium, thorium, and radium geochemistry as it relates to radioactive waste
disposal; ground-water prospecting for and in-situ leaching of ore deposits; mechanisms and modeling of metal
and ligand sorption and solution-mineral equilibria in the saturated and unsaturated zones; thermodynamic
and kinetic properties of water-rock systems; acid-rain weathering of building materials; and ground-water
pollution.

During the last ten years, Dr. Langmuir has served on or chaired almost a dozen expert panels assessing the
various research programs of the Department of Energy, Nuclear Regulatory Commission, Environmental
Protection Agency, and Lawrence Berkeley Laboratory. He was state president of the 8,000-member Colorado
Mountain Club in 1990.

With memberships in nearly a dozen professional societies, Dr. Langmuir has served as chair of numerous
society committees and sessions of national meetings related to hydrology and geochemistry and prepared
several symposia and short courses. He is a fellow of the Mineralogical Society of America and the American
Association for the Advancement of Science. Dr. Langmuir also has been associate editor of Geochimica et
Cosmochimica Acta, the journal of the Geochemical Society, and served on the editorial board of Interface, the
journal of the Society of Environmental Geochemistry and Health.

During the last 28 years, Dr. Langmuir has published more than 140 professional papers and articles and been
awarded 23 grants and contracts supporting the research of more than 30 students pursuing their masters or
doctorate degrees. He has consulted for clients in 16 states, as well as in Australia, Canada, France, and Sweden.

He is a cum laude graduate of Harvard University (1956), where he received an A.B. in geological sciences.
After serving as a naval officer, he subsequently received an M.A. (1961) and a Ph.D. (1965) in geology from
Harvard University.

Dr. Langmuir resides in Golden, Colorado.
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Dr. John J. McKetta, Jr.

President George Bush appointed Dr. McKetta to serve a four-year term on the Nuclear Waste Technical Review
Board on February 18, 1992.

Dr. McKetta is the Joe C. Walter Professor of Chemical Engineering emeritus at the University of Texas, Austin,
and brings to the Board some 55 years experience in practicing and teaching chemical engineering. He is a
recipient of the Herbert Hoover Award for “unselfish service to society” (1989), a former president of the
American Institute of Chemical Engineers (1962), and an honorary fellow of the Society of Technical Commu-
nicators. He serves on the boards of directors of Howell Corporation, Kinark Corporation, and Tesoro
Petroleum Corporation.

Dr. McKetta has special expertise in two areas of research: solubility of hydrocarbon systems at high pressure
and vapor-liquid-liquid equilibrium in hydrocarbon-water systems.

Among his numerous awards for professional achievement are: the F.J. Van Atwerpen Award for Outstanding
Contributions to the Field of Chemical Engineering (1985) from the American Institute of Chemical Engineers,
the Fuels and Petrochemical Division Award (1983), and the Warren K. Lewis Award for Excellence in Chemical
Engineering (1969). Dr. McKetta also received the Boris Pregel Award in Science and Technology from the New
York Academy of Sciences (1978) and the Charles M. Schwab Memorial Award from the American Iron and
Steel Institute (1973). He is a member of the National Academy of Engineering, the American Chemical Society,
the American Gas Association, and the American Institute of Mining, Metallurgical, and Petroleum Engineers.

In 1946, Dr. McKetta began his distinguished teaching career as a professor of chemical engineering at the
University of Texas, Austin. Dr. McKetta also has been the University’s E.P. Schoch Professor of Chemical
Engineering (1970-1982), dean of the College of Engineering (1963-1969), and chairman of the Department of
Chemical Engineering (1950-1952). He received his B.S. in chemical engineering from Tri State University in
1937 and also has three degrees from the University of Michigan: a B.S.E. (1943), an M.S. (1944), and a Ph.D.
(1946). He has published 495 articles and books.

Dr. McKetta resides in Austin, Texas.
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Dr. D. Warner North

President Ronald Reagan appointed Dr. North to serve on the Nuclear Waste Technical Review Board on
January 18, 1989. Although his term expired on April 19, 1990, President George Bush reappointed Dr. North
to a four-year term on August 7, 1990.

Dr. North is a consulting professor in the Department of Engineering-Economic Systems at Stanford University,
and a principal with Decision Focus, Inc., Mountain View, California. In his work for that firm, Dr. North has
performed risk assessments and other related activities for the Electric Power Research Institute and numerous
electric utilities, energy companies, chemical companies, industry associations, the Department of Energy
(DOE), the Environmental Protection Agency (EPA), the National Science Foundation, and the government of
Mexico. Prior to his employment with Decision Focus, he spent ten years with SRI International in Menlo Park,
California.

Dr. North’s areas of expertise are risk analysis and decision analysis. He has worked on a wide variety of public
policy issues, including weather modification, wildland fire protection, biological quarantine for the U.S. space
program, disposal of chemical munitions and agents, planning of energy systems and energy research and
development, and risk assessment and management of toxic chemicals. Dr. North serves on the editorial boards
for Risk Analysis, Risk Abstracts, and Management Science. He is president of the Society for Risk Analysis.

Dr. North served as a consultant on decision analysis to the National Academy of Sciences (NAS) for its review
in 1986 of the DOE methodology used to select prospective sites for the nation’s first geologic repository for
high-level radioactive waste. Dr. North has participated in six other NAS studies on environmental risk issues,
including those resulting in the reports Risk Assessment in the Federal Government: Managing the Process (1983)
and Improving Risk Communication (1989). Dr. North currently serves on the NAS Committee on Risk Assessment
of Hazardous Air Pollutants.

Dr. North has served on committees of the Science Advisory Board (SAB) of the EPA since 1978. From 1982 to
1990, he was a member of the Environmental Health Committee, and he currently serves as a consultant to this
committee. During 1988-89, he chaired the Global Climate Change Subcommittee for the SAB review of two
EPA reports to Congress on climate alteration from carbon dioxide and other radiatively active gases in the
atmosphere. Dr. North also has reviewed the carcinogen risk assessment guidelines, chaired the subcommittee
that reviewed EPA’s risk assessment research, and served as vice chair of the subcommittee that advised EPA
on the congressionally mandated revision of the Hazard Ranking System used to select Superfund sites. From
March 1987 to June 1989, Dr. North was a member of the California Governor’s Scientific Advisory Panel for
the Proposition 65 Toxics Initiative, passed in 1986.

Dr. North received a B.S. in physics from Yale University (1962); an M.S. in physics (1963), an M.S. in
mathematics (1966), and a Ph.D. in operations research (1970) from Stanford University.

He resides in Woodside, California.
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Dr. Dennis L. Price

President Ronald Reagan appointed Dr. Price to serve on the Nuclear Waste Technical Review Board on January
18, 1989. Although his term expired April 19, 1990, President George Bush reappointed Dr. Price to a four-year
term on July 23, 1990.

Dr. Price is now professor of industrial and systems engineering, director of the Safety Projects Office, and
coordinator of the Human Factors Engineering Center at Virginia Polytechnic Institute and State University.
With more than 20 years’ teaching experience at three institutions and eight years of industrial experience with
two corporations, his present interests include transportation of hazardous materials, human factors research,
engineering psychology, industrial hazard control, design and evaluation of person-machine systems, and
system safety analysis.

Since 1977, Dr. Price has been a human factors/safety engineering consultant for a variety of clients including
Florida Power and Light, U.S. Navy, IBM, Union Camp, Mountain West Research in Nevada, Aetna Life and
Casualty, Liberty Mutual, Sears, and product liability attorneys in ten states. He also is certified as a hazard
control manager and a product safety manager.

As a member of the National Academy of Sciences’ (NAS) Transportation Research Board, Dr. Price has served
as chairman or been a member of six committees or subcommittees, including the chairman of the A3C10
Committee on the Transportation of Hazardous Materials. In addition, he was chairman of NAS’ Task Force
on Pipeline Safety and a member of its Committee on Demilitarization of Chemical Weapons. For his NAS
service, Dr. Price received the Distinguished Service Award (1987) and the Outstanding Service Commendation
(1981).

Dr. Price’s publications include more than 30 papers in the open literature, 1 book, 7 chapters in various books,
and more than 160 technical reports for private industry, clients, or government agencies. Some of these studies
were the subjects of public hearings and radio and television programs with nationwide coverage. He is also
on the editorial board of Human Factors, the journal of the Human Factors Society, and serves as a professional
reviewer for seven organizations. Dr. Price is a member of six professional organizations and has served on
numerous university committees.

Dr. Price has a very diverse educational background with a B.A. from Bob Jones University (1952), an M.A. in
psychology from California State University at Long Beach (1967), and a Ph.D. in industrial engineering from
Texas A&M University (1974). He also received an M.A. and B.D. from the American Baptist Seminary of the
West (1955).

He resides in Blacksburg, Virginia.
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Dr. Ellis D. Verink, Jr.

President Ronald Reagan appointed Dr. Verink to serve on the Nuclear Waste Technical Review Board from
January 18, 1989, to April 19, 1990. On October 30, 1990, President George Bush appointed Dr. Verink to a
second, four-year term.

Dr. Verink brings to the Board nearly 50 years’ experience in materials selection and corrosion. He is a
Distinguished Service Professor of Metallurgical Engineering Emeritus, former chair of the Materials Science
and Engineering Department at the University of Florida, and president of Materials Consultants, Inc. He was
elected a fellow of the Metallurgical Society (1988) and the American Society for Metals (1978).

In addition to his election to president of the Metallurgical Society, Dr. Verink has served on the executive
committee, board of directors, and board of trustees of the American Institute of Mining, Metallurgical and
Petroleum Engineers. He was a three-term national director of the National Association of Corrosion Engineers
and served on five National Academy of Sciences committees, including two that reviewed the conceptual
geologic repository designed by Swedish engineers. Dr. Verink has chaired or served as member of more than
20 other national committees or advisory groups.

With more than 25 years of academic experience, Dr. Verink has served as chair of nine committees, including
the Search Committee for the President of the University of Florida, and has been a member of eight other
university committees. For his contributions to materials science and university teaching, Dr. Verink was
elected a fellow of the Metallurgical Society and has received nearly a dozen other awards, including the Willis
Rodney Whitney Award, Florida Blue Key Distinguished Faculty Award, Educator Award of the Metallurgical
Society, and University of Florida Teacher-Scholar of the Year Award.

As a registered professional engineer with special accreditation in corrosion engineering, Dr. Verink has been
a consultant on numerous projects for such private clients as the Aluminum Association, Copper Development
Association, Sandia Corporation, and Lockheed-Georgia Company. He has been a member of American
delegations to both China and the former Soviet Union and has lectured in five foreign countries.

Dr. Verink has written more than 75 technical papers, edited 2 books and 9 chapters in other books, and served
as a corrosion editor for the Journal of the Electrochemical Society and on the editorial board of Surface Technology
Magazine and Journal of Materials Education.

Dr. Verink has three educational degrees in metallurgical engineering: a B.S. from Purdue University (1941)
and an M.S. (1963) and a Ph.D. (1965) from Ohio State University.

He resides in Gainesville, Florida, where he is a past president of both the Kiwanis Club and the YMCA.
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Panel Organization

Panel on Structural Geology & Geoengineering

Chair:
Members:

Dr. Clarence R. Allen
Dr. Edward J. Cording
Dr. D. Warner North
Dr. Dennis L. Price

Panel on Hydrogeology & Geochemistry

Co-Chair: Dr. Patrick A. Domenico
Co-Chair: Dr. Donald Langmuir
Members: Dr. Edward J. Cording

Dr. John J. McKetta, Jr.

Panel on the Engineered Barrier System
Chair: Dr. Ellis D. Verink, Jr.
Members: Dr. Donald Langmuir

Dr. John J. McKetta, Jr.

Dr. Dennis L. Price

Panel on Transportation & Systems
Chair: Dr. Dennis L. Price
Members: Dr. Garry D. Brewer

Dr. D. Warner North

Dr. Ellis D. Verink, Jr.

Panel on the Environment & Public Health
Chair: Dr. Garry D. Brewer
Members: Dr. John E. Cantlon

Dr. D. Warner North

Dr. John J. McKetta, Jr.

Panel on Risk & Performance Analysis
Chair: Dr. D. Warner North
Members: Dr. Garry D. Brewer

Dr. Patrick A. Domenico

Dr. Dennis L. Price

Dr. Ellis D. Verink, Jr.

Panel on Quality Assurance

Chair: Dr. John E. Cantlon

Members: Dr. Clarence R. Allen
Dr. Donald Langmuir

Staff:

Staff:

Staff:

Staff:

Staff:

Staff:

Staff:

Mr. R.K. McFarland
Dr. Leon Reiter

Dr. Victor V. Palciauskas

Dr. Carlos A.\W. Di Bella

Dr. Sherwood C. Chu

Dr. Daniel J. Fehringer

Dr. Daniel S. Metlay

Dr. Leon Reiter

Dr. Daniel S. Metlay

Dr. Sherwood C. Chu
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Appendix C
Meeting List for 1992-1994

January 7-8, 1992 Board Meeting
Arlington, Virginia
Topic: Overview of Office of Civilian Radioactive Waste
Management (OCRWM) program priorities and
budget allocations

January 8, 1992 Board Business Meeting
Arlington, Virginia
Topic: Board activities
Minutes available

January 8-10, 1992 Board Trip to Surry Nuclear Power Station (closed)
Williamsburg, Virginia

January 22-23, 1992 Meeting
Panel on Structural Geology & Geoengineering
Irvine, California
Topic: Seismic vulnerabilities

February 10, 1992 Meeting
Panel on Engineered Barrier System
Augusta, Georgia
Topic: Overview of defense management activities

February 11-12, 1992 Board Tour of Savannah River Site (closed)
Augusta, Georgia

February 12, 1992 Board Tour of Chem-Nuclear Systems, Inc.
Barnwell, South Carolina

* Unless otherwise indicated, transcripts are available for all Board Meetings.
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March 10-11, 1992 Meeting
Panel on Transportation & Systems
Arlington, Virginia
Topic: Transportation system safety issues and monitored
retrievable storage concept design.

April 6, 1992 Board Business Meeting
Dallas, Texas
Topic: Board activities
Minutes available

April 7-8, 1992 Board Meeting
Dallas, Texas
Topic: Early site-suitability evaluation, total system
performance assessment

April 9, 1992 Board Business Meeting
Dallas, Texas
Topic: Board activities
Minutes available

May 11-14, 1992 Meeting
Panel on the Engineered Barrier System
Hanford Plant, Richland, Washington
Idaho National Engineering Laboratory,ldaho, Falls, Idaho
Topic: Overview of defense high-level waste management
activities

June 9-17, 1992 Board International Trip (closed)
Finland, Switzerland

Publication of Board’s Fifth Report

July 6, 1992 Board Business Meeting
Denver, Colorado
Topic: Board activities
Minutes available

July 7-8, 1992 Board Meeting
Denver, Colorado
Topic: DOE update on site suitability; update on the role of the
M&O contractor
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July 9-10, 1992

September 14-15, 1992

September 16, 1992

September 16-22, 1992

October 12, 1992

October 13, 1992

October 14-15, 1992

October 15, 1992

October 15, 1992

Board Business Meeting
Keystone,CO

Topic: Board activities
Minutes available

Meeting

Panel on Structural Geology & Geoengineering

Las Vegas, Nevada

Topic: Volcanism; update on characterization, probability, and
volcanic effects studies

Tour

Panel on Structural Geology & Geoengineering
Field trip to areas of recent geologic investigations
near Lathrop Wells and Crater Flat

Board Visit (closed)

Panel on Engineered Barriers

Tokyo, Japan

Topic: Current and planned research on Japan’s repository
development program and EBS

Board Business Meeting
Las Vegas, NV
Minutes available

Board Business Meeting
Las Vegas, Nevada
Minutes available

Full Board Meeting
Las Vegas, NV
Topic: Source term

Full Board Meeting
Las Vegas, NV
Topic: YMPO budget

Board Business Meeting
Las Vegas, NV
Minutes available
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November 4-5, 1992 Meeting
Panel on Structural Geology & Geoengineering
Las Vegas, NV
Topic: Exploratory Studies Facility (ESF) Design and
Construction Strategy

December 16, 1992 Tour (closed)
Panel on Engineered Barrier System
Barberton, OH
Babcock & Wilcox Research Center

December 17, 1992 Discussion and Tour
Panel on Engineered Barrier System
West Valley, NY
Topic: West Valley Demonstration Project Operations

December 18, 1992 Tour (closed)
Panel on Engineered Barrier System
Aiken, SC
Defense Waste Processing Facility
Savannah River Plant

Publication of Board’s Sixth Report

January 5-6, 1993 Full Board Meeting
Arlington, VA
Topics: System Implications of Interim Storage, Mission 2001
Update

January 6, 1993 Board Business Meeting
Arlington, VA
Minutes available

January 7, 1993 Board Business Meeting
Arlington, VA
Minutes available
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January 8, 1993

March 2, 1993

March 3, 1993

April 19, 1993

April 20, 1993

April 21-22, 1993

April 26-30, 1993

June 1-12, 1993

July 12,1993

July 13-14, 1993

Board Media Training
Arlington, VA

Publication of Board’s seventh report,
the Special Report

Meeting with NRC Commissioners
Rockville, MD
Topic: Briefing on NWTRB views of OCRWM program

Tour

Panel on the Environment & Public Health

Las Vegas, NV

Topic: Proposed site for a high-level nuclear waste repository at
Yucca Mountain

Board Business Meeting
Reno, NV
Minutes available

Board Meeting
Reno, NV
Topic: Decision-making on DOE study plans (e.g., infiltration)

International High-Level Waste Management
Conference
Las Vegas, NV

International Trip (closed)
United Kingdom, France, Belgium
Topic: Status of technical programs, key issues of concern

Board Business Meeting
Denver, CO
Minutes available

Board Meeting

Denver, CO

Topic: Thermal-loading effects: science and engineering for
waste package and repository design
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July 15, 1993

October 1993

October 19-20, 1993

October 21, 1993

November 1-2, 1993

November 22, 1993

January 10-12, 1994

February 24, 1994

March 8-9, 1994

Board Business Meeting
Denver, CO
Minutes available

Publication of Board’s eighth report,
the Underground Exploration and Testing at Yucca
Mountain

Full Board Meeting

Las Vegas, NV

Topic: DOE drilling program/surface and underground
testing/study plans

Board Business Meeting
Las Vegas, NV
Minutes available

Meeting

Joint Panels on Transportation & Systems and
Engineered Barrier System

Dallas, TX

Topic: The technical challenges of interim storage of spent fuel

Meeting

Panel on the Environment & Public Health

Las Vegas, NV

Topic: Review of progress in the Yucca Mountain
environmental program

Full Board Meeting
Arlington, VA

Topic: Systems engineering performance assessment, and

public trust and confidence/alternative licensing
strategies, site characterization update

Publication of Board’s ninth report,
the Letter Report

Meeting
Panel on Structural Geology & Geoengineering
San Francisco, CA

Topic: Probabilistic assessment of seismic and volcanic hazards
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March 10-11, 1994

March 21, 1994

March 22, 1994

April 11-12, 1994

April 13, 1994

July 11-13, 1994

October 12-14, 1994

Meeting

Panel on the Engineered Barrier System
Pleasanton, CA

Topic: Current and planned EBS research

Tour

Panel on the Environment & Public Health
Las Vegas, NV

Topic: Field trip to Yucca Mountain

Meeting

Panel on the Environment & Public Health

Las Vegas, NV

Topic: Review of the Yucca Mountain Environmental Program

Board Meeting

Reno, NV

Topic: Use of science in site assessment, saturated zone
hydrology, site characterization update

Board Business Meeting
Reno, NV
Minutes available

Full Board Meeting

Denver, CO

Topic: Transportation issues, radionuclide transport, site
characterization update

Full Board Meeting

Las Vegas, NV

Topic: Environmental issues, engineered barrier system, site
characterization update
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Appendix D
List of Presenters

The following people made presentations during Board or panel meetings held from September 1, 1993, through
December 31, 1993. This list is arranged alphabetically by organization. The Board also wishes to thank those who
made presentations to Board or panel members during various trips and tours taken during recent months.

American Electric Power Company
1 Riverside Plaza

Columbus, OH 43017

(614) 223-1500

Draper, E. Linn

Argonne National Laboratory
9700 South Cass Avenue

Argonne, IL 60439

(708) 252-2000

Bates, John K.

Babcock & Wilcox Fuel Company
101 Convention Center Drive

Las Vegas, NV 89109

(702) 794-1800

Benton, Hugh A.
Doering, William W.
Stahl, David

Beak Consultants, Ltd.
14 Abacus Road

Brampton, Ontario

Canada, L6 T 5B7

(416) 794-2325

Garisto, Nava C.

Blandy Experimental Farm
P.O.Box 175

Boyce, VA 22620

(703) 837-1758

Bowers, Michael

Boretec, Inc.
29100 Hall Street
Solon, OH 44139
(216) 248-3303

Home, Lok

Committee on Natural Resources
Subcommittee on Energy and Mineral Resources
818 O’Neill House Office Building
Washington, DC 20515

(202) 226-4086

Tousley, Dean

Critical Mass

215 Pennsylvania Avenue, SE
Washington, DC 20003

(202) 546-4996

Magavern, William

Disposal Safety Inc.
1660 L Street, NW

Suite 510

Washington, DC 20036
(202) 293-3993

Ross, Ben

Duke Engineering & Services, Inc.
526 South Church Street

P.O. Box 1004

Charlotte, NC 28201-1004

(704) 382-9800

Segrest, Alden M.
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Wells, Alan H.

Duke Power

422 S. Church Street
Charlotte, NC 28202
(704) 382-4080

Rasmussen, Bob

E.R. Johnson Associates, Inc.
2650 Park Tower Drive

Vienna, VA 22180

(703) 204-8920

Clark, Jim K.

EG&G Energy Measurements, Inc.

101 Convention Center Drive
Suite 1010

Las Vegas, NV 89109

(702) 794-7474

Green, Ron A.

Ostler, Kent
Rakestraw, Danny L.
Raustenstrauch, Kurt R.
Wills, Cathy

Electric Power Research Institute
3412 Hillview Avenue

Palo Alto, CA 94304

(415) 855-2000

Shaw, Robert A.
Starr, Chauncey
Williams, Robert F.
Yang, Rosa L.

INTERA, Inc.

2650 Park Tower Drive
Suite 800

Vienna, VA 22180
(703) 204-8849

Andrews, Robert
Duguid, James

Intera Information Technologies
3609 S. Wadsworth Boulevard

Denver, CO 80127

(303) 985-0005

Apted, Mick J.

J.E. Friant & Associates
1352 SW 175th

Seattle, WA 98166

(206) 243-2558

Friant, James E.

J.K. Research Associates, Inc.
2650 Park Tower Drive

Suite 800

Vienna, VA 22180

(703) 204-8561

Cotton, Tom

L. Lehman & Associates, Inc.
1103 West Burnsville Parkway
Suite 209

Burnsville, MN 55337

(612) 894-0357

Lehman, Linda

Lawrence Berkeley Laboratory
University of California

One Cyclotron Road

Berkeley, CA 94720

(510) 486-4000

Bodvarsson, Gudmundur
Myer, Larry

Pruess, Karstein

Tsang, Chin-Fu

Lawrence Livermore National Laboratory

University of California
P.O. Box 808
Livermore, CA 94550
(510) 422-1100

Bourcier, William L.
Buscheck, Thomas
Glassley, William
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Halsey, William

McCright, Daniel

O’Connell, William J.

Palmer, Cynthia

Ramspott, Lawrence

Steward, Steven A.

Stout, Ray B.

Van Konynenburg, Richard A.
Wilder, Dale

Wolery, Thomas J.

Los Alamos National Laboratory
101 Convention Center Drive

Suite 820

Las Vegas, NV 89109

(702) 794-7097

Elkins, Ed Z.
Crowe, Bruce M.
Bish, David

Los Alamos National Laboratory
P.O. Box 1663

Los Alamos, NM 87545

(505) 667-5061

Poths, Jane
Valentine, Gregory A.

Massachusetts Institute of Technology

77 Massachusetts Avenue
54-1120

Cambridge, MA 02139
(617) 253-2927

Hodges, Kip

Maxwell S-Cubed Division
3398 Carmel Mountain Road

San Diego, CA 92121

(619) 453-0060

Garg, Sabodh

Mifflin & Associates, Inc.
3230 E. Flamingo Road

Suite 205

Las Vegas, NV 89121

(702) 434-9733

Mifflin, Martin

Morrison Knudsen Corporation
101 Convention Center Drive

Las Vegas, NV 89109

(702) 794-1800

Allan, James
Bhattacharyya, Kal
McKenzie, Daniel

National Association of Regulatory Utility
Commissioners

Ilinois Commerce Commission

160 North LaSalle Street

Suite 800

Chicago, IL 60601

(312) 814-2859

Shishido-Topel, Lynn

National Association of Regulatory Utility
Commissioners

lowa Utility Board

Lucas State Office Building

Des Moines, IA 50319

(515) 281-5325

George, Emmit

National Center for Atmospheric Research
1850 Table Mesa Drive

Boulder, CO 80303

(303) 497-1628

Thompson, Starley

National Congress of American Indians
Nuclear Waste Projects

900 Pennsylvania Avenue, SE

Washington, DC 20003

(202) 546-9404

Holden, Robert
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Nevada Agency for Nuclear Projects
Nuclear Waste Project Office

Capitol Complex

Carson City, NV 89710

(702) 687-3744

Frishman, Steve
Johnson, Carl

Northern States Power
414 Nicollet Mall
Minneapolis, MN 55401
(612) 330-5750

Kapitz, Jon

Nye County

Nuclear Waste Repository Program
P.O. Box 1767

Tonopah, NV 89049

(702) 482-8183

Bradshaw, Les W.

Nye County

Nuclear Waste Repository Project Office
1925 North Lynn Street

Suite 500

Arlington, VA 22209

(703) 818-2434

Niedzielski-Eichner, Phillip A.

Office of the Nuclear Waste Negotiator
1823 Jefferson Place, NW

Washington, DC 20036

(202) 634-6244

Mussler, Robert

Office of the Nuclear Waste Negotiator
3050 Lake Harbor Lane

Suite 100

Boise, ID 83703

(208) 334-9876

Lempesis, Charles B.

Ontario Hydro

Radioactive Materials Management Engineering
700 University Avenue

Toronto, Ontario M5G 1X6

Canada

(416) 592-6024

Rao, Mohan

Pacific Northwest Laboratory
Battelle Boulevard

P.O. Box 999

Richland, WA 99352

(509) 375-2121

Einziger, Robert E.
Engel, David W.
Gray, Walter J.

Reynolds Electrical and Engineering
Company

101 Convention Center Drive

Las Vegas, NV 89109

(702) 794-7560

Frasier, Dale
Pritchett, Robert

S.H. Bartholomew, Inc.
P.O. Box 3360

Chico, CA 95927-3360

(916) 894-7411

Bartholomew, S.H.

Sacramento Municipal Utility District
Rancho Seco Nuclear Generating Station

14440 Twin Cities Road

Herald, CA 95638

(916) 452-3211

Miller, Ken

Sandia National Laboratories
P.O. Box 5800

Albuquerque, NM 87185

(505) 844-5678

Barnard, Ralston W.
Blejwas, Thomas
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Dockery, Holly

Pott, John
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Sanders, Thomas L.
Wilson, Michael L.

Sierra Club

National Energy Policy Committee
5711 Summerset Drive

Midland, M1 48640

(517) 835-1303

Sinclair, Mary P.

Smithsonian Institute
Department of Mineral Sciences
Washington, DC 20560
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Melson, William G.

Southwest Research Institute

Center for Nuclear Waste Regulatory Analyses
6220 Culebra Road

San Antonio, TX 78238

(210) 522-5263

Murphy, William

TRW Environmental Safety Systems
101 Convention Center Drive

Phase II, Suite P110

Las Vegas, NV 89109

(702) 794-1800

Sandifer, Robert
Saterlie, Steven
Sinnock, Scott
Younker, Jean

Table Top Consultants
17 Main Street

Rapid City, SD 57701

(605) 343-3534

Gnirk, Paul

Tennessee Governor’s Office
308 John Sever Boulevard
Nashville, TN 37219
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Smith, Ben L.

The Robbins Company
P.O. Box 97027
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(206) 872-0500

Dahmen, Neil
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U.S. Department of Energy

Office of Civilian Radioactive Waste Management
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Washington, DC 20585
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Barrett, Lake H.
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Lemeshwesky, William A.
Milner, Ronald A.
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U.S. Department of Energy
Yucca Mountain Site Characterization
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D-5



NWTRB - Tenth Report

Newbury, Claudia
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Reports by the
Nuclear Waste Technical Review Board

The following reports are available from the Nuclear Waste Technical Review Board.

First Report to the U.S. Congress and the U.S. Secretary of Energy
March 1990

The first report sets the stage for the Board’s evaluation of the Department of Energy’s program to manage the
disposal of the nation’s spent fuel and high-level waste. The report outlines briefly the legislative history of the
nation’s spent fuel and high-level waste management program including its legal and regulatory require-
ments. The Board’s origin is described, along with its protocol, panel breakdown, and reporting requirements.
The report identifies major issues and highlights five cross-cutting issues.

Second Report to the U.S. Congress and the U.S. Secretary of Energy
November 1990

The Board’s second report begins with the background and framework for repository development and then
opens areas of inquiry, making 20 specific recommendations concerning tectonic features and processes,
geoengineering considerations, the engineered barrier system, transportation and systems, environmental and
public health issues, and risk and performance analysis. The report also offers concluding perspectives on DOE
progress, the state of Nevada’s role in site characterization at Yucca Mountain, the project’s regulatory
framework, the nuclear waste negotiator, other oversight agencies, and the Board’s future plans.

Third Report to the U.S. Congress and the U.S. Secretary of Energy
May 1991

The third report briefly describes recent Board activities and congressional testimony. Substantive chapters
cover exploratory shaft facility alternatives, repository design, risk-benefit analysis, waste package plans and
funding, spent fuel corrosion performance, transportation and systems, environmental program concerns, the
DOE task force studies on risk and performance assessment, federal quality assurance requirements for the
repository program, and the measurement, modeling, and application of radionuclide sorption data. Fifteen
specific recommendations are made to the DOE. Background information on the German and Swedish nuclear
waste disposal programs is included in Appendix D.
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Fourth Report to the U.S. Congress and the U.S. Secretary of Energy
December 1991

The fourth report provides an update on the Board’s activities and explores in depth the following areas: ESF
construction; test prioritization; rock mechanics; tectonic features and processes; volcanism; hydrogeology and
geochemistry in the unsaturated zone; the engineered barrier system; regulations promulgated by the EPA, the
NRC, and the DOE; the DOE performance assessment program; and quality assurance in the Yucca Mountain
project. Ten recommendations are made across these diverse subject areas. Chapter 3 offers insights from the
Board’s visit with officials from the Canadian nuclear power and spent fuel disposal programs. Background on
the Canadian program is in Appendix D.

Fifth Report to the U.S. Congress and the U.S. Secretary of Energy
June 1992

The Board’s fifth report focuses on the cross-cutting issue of thermal loading. It explores thermal-loading
strategies (U.S. and others) and the technical issues and uncertainties related to thermal loading. It also details
the Board’s position on the implications of thermal loading for the U.S. radioactive waste management system.
Included are updates on Board and panel activities during the reporting period. The report offers fifteen
recommendations to the DOE on the following subjects: ESF and repository design enhancements, repository
sealing, seismic vulnerabilities (vibratory ground motion and fault displacement), the DOE approach to the
engineered barrier system, and transportation and systems program status.

Sixth Report to the U.S. Congress and the U.S. Secretary of Energy
December 1992

The sixth report begins with a summary of recent Board activities, congressional testimony, changes in Board
makeup, and the Little Skull Mountain earthquake. Chapter 2 details panel activities and offers seven technical
recommendations on the dangers of a schedule-driven program; the need for top-level systems studies; the
impact of defense high-level waste; the use of high capacity, self-shielded waste package designs; and the need
for prioritization among the numerous studies included in the site-characterization plans. In Chapter 3, the
Board offers candid insights to the high-level waste management program in five countries, specifically those
areas that might be applicable to the U.S. program including its size and cost, the responsibility of the utilities,
repository construction schedules, and alternative approaches to licensing. Appendix F provides background
on the Finnish and Swiss programs.

Special Report to Congress and the Secretary of Energy
March 1993

The Board’s seventh report provides a nontechnical approach for those not familiar with the details of the
DOE'’s high-level nuclear waste management program. It highlights three important broad-based issues: (1)
the program is driven by unrealistic deadlines, (2) there is no integrated waste management plan, and
(3) program management needs improvement. The Board makes three specific recommendations: amend the
current schedule to include realistic intermediate milestones; develop a comprehensive, well-integrated plan
for the overall management of all spent nuclear fuel and high-level defense waste from generation to disposal;
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and implement an independent evaluation of the Office of Civilian Radioactive Waste Management’s organi-
zation and management. These recommendations should be implemented without slowing the progress of
site-characterization activities at Yucca Mountain.

Underground Exploration and Testing at Yucca Mountain —
A Report to Congress and the Secretary of Energy

October 1993

The eighth report focuses on the exploratory studies facility at Yucca Mountain, Nevada: The conceptual
design, planned exploration and testing, and excavation plans and schedules. In addition to a number of
detailed recommendations, the Board makes three general recommendations. First, the DOE should develop
a comprehensive strategy that integrates exploration and testing priorities with the design and excavation
approach for the exploratory facility. Second, underground thermal testing should be resumed as soon as
possible. Third, the DOE should establish a geoengineering board with expertise in the engineering, construc-
tion, and management of large underground projects.

Letter Report to Congress and the Secretary of Energy
February 1994

Issued in letter format contemporaneously with impending legislative hearings on the Department of Energy’s
fiscal year 1995 budget and new funding mechanism sought by the Secretary of Energy, this eight-page report
(ninth in the NWTRB series) restates a recommendation made in the Board’s Special Report, that an independent
review of the Office of Civilian Radioactive Waste Management’s management and organizational structure be
initiated as soon as possible. The report adds two additional recommendations: ensure sufficient and reliable
funding for site characterization and performance assessment, whether the program budget remains level or
is increased, and build on the Secretary of Energy’s new public involvement initiative by expanding current
efforts to integrate the views of the various stakeholders during the decision-making process — not afterward.
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Appendix F
NWTRB Statements before Congress

Statement of Dr. John E. Cantlon,
Chairman, Nuclear Waste Technical
Review Board

At a joint hearing of the Subcommittee on Energy
and Power, Committee on Energy and Commerce,
and the Subcommittee on Energy and Mineral
Resources, Committee on Natural Resources, U.S.
House of Representatives, July 1, 1993

Chairman Sharp, Chairman Lehman, and members of
the Subcommittees. | am John Cantlon, Chairman of
the Nuclear Waste Technical Review Board. With me
today are two other Board members, Drs. Clarence
Allen and Dennis Price. We are pleased to be here
today at this joint hearing to discuss key issues of con-
cern related to the civilian radioactive waste manage-
ment program. | will provide a brief statement
summarizing the findings of the Board’s recent Special
Report to Congress and the Secretary of Energy, and,
with your permission, request that the full text of the
Report — some 20 pages — be entered into the record.

As you know, the Board’s congressional mandate is to
review the activities undertaken by the DOE to evalu-
ate the potential suitability of the site at Yucca Moun-
tain, Nevada, for a permanent repository for the
disposal of spent fuel and about 8,000 metric tons of
high-level defense waste. Congress also charged the
Board with evaluating the DOE’s plans to package and
transport the waste that would be disposed of at the
repository. We are required to report our findings and
recommendations twice a year to Congress and the
Secretary of Energy.

Ouir first six reports dealt primarily with technical as-
pects of the DOE program. However, as our review has
continued, it has become clear that in certain cases it is
difficult to separate technical decisions from the poli-
cies that guide them. Consequently, in March of this

year, the Board released a more broadly based Special
Report to Congress and the Secretary of Energy. The
Board’s primary objective in writing a short special
report was to make a timely and constructive contribu-
tion to the improvement and progress of the civilian
radioactive waste management program. Indeed the
Board made its recommendations at a time it hoped
would be most useful to the Congress and the new
Secretary. We would like to thank the Chairmen and
members of the Subcommittees for providing us this
opportunity to present the three major policy and man-
agement issues contained in the Board’s report.

I will briefly summarize these issues in just a moment.
But first, | want to emphasize that the Board believes
there are many, very capable people working on this
program. Also, based on currently available data, we
see no technical reason for abandoning either the Yucca
Mountain site or deep geologic disposal. Furthermore,
the Board strongly believes that the concerns raised in
our Special Report can and should be addressed with-
out slowing the momentum of important site-charac-
terization activities currently under way at Yucca
Mountain. | also would like to point out that the
Board’s Special Report was released just as Secretary
O’Leary assumed leadership of the DOE. Conse-
quently, some of the issues raised may be addressed as
the Secretary continues her review of the program.
That said, | will briefly summarize the observations
contained in our Special Report and outline the Board’s
recommendations.

First, the Board believes that it is highly unlikely that
the DOE will meet the 1998 date for waste acceptance
at an MRS or its 2010 deadline for beginning repository
operations. The Board is concerned that attempting to
meet these unrealistic deadlines may cause the DOE to
make important decisions without performing suffi-
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cient long-term testing and scientific analyses. This
could cause licensing problems, increase overall pro-
gram costs, and ultimately delay the program.

For example, in its fifth report, the Board stated that the
DOE’s baseline thermal-loading strategy lacked an
adequate technical basis. This is especially important
because the thermal-loading strategy selected may be
fundamental to the performance of the repository and
affects many aspects of waste disposal, including the
size and design of the repository, ageing of the spent
fuel, and the design of the waste package. The Board
recommended that the DOE undertake a comprehen-
sive evaluation of alternative thermal-loading strate-
gies, and the M&O contractor has initiated some work
in this area. However, the heater tests needed to sup-
port this important decision are not planned to begin
until 1996. Several DOE contractors have commented
to the Board that these tests could take up to a decade
or more to complete. The Board is concerned that the
DOE’s repository development schedule may not al-
low sufficient time to complete these and other essen-
tial scientific tests.

Therefore, recognizing the need for a schedule to meas-
ure progress and maintain program momentum, the
Board recommended that the DOE concentrate on es-
tablishing and meeting important intermediate goals
— such as getting underground, determining site suit-
ability, and completing essential scientific testing.
Adopting this approach could help the DOE avoid
costly errors, save money, and speed real program pro-
gress in the long run. It also could facilitate the licens-
ing of the facility, should the site be found suitable.
Secretary O’Leary has recently indicated that final
deadlines will not compromise technical requirements.
The Board welcomes this assurance and looks forward
to seeing tangible evidence of such a policy.

The Board’s second major concern relates to the DOE’s
overall plan for managing civilian spent fuel and de-
fense high-level waste. Since it issued its first report,
the Board has repeatedly recommended that the DOE
approach the management of spent fuel and high-level
waste as an integrated system that includes storage,
transport, and disposal. Many advantages to this ap-
proach are enumerated in the Board’s Special Report.
Unfortunately, the DOE’s current plan is not well inte-
grated and contains significant gaps.

For example, even if the currently planned monitored
retrievable storage facility and a repository are con-
structed and operating by the dates in the DOE’s cur-
rent optimistic schedule, substantial amounts of spent
fuel will remain at utility reactor sites for decades.
Despite this, the DOE’s current plan does not consider
the implications of extended at-reactor storage for
other parts of the waste management system. In addi-
tion, the impact on the repository of the disposal of
high-level defense waste and other high-level wastes
has not been thoroughly evaluated and integrated into
an overall program plan.

The DOE has recognized the existence of problems in
this area, and in 1991 hired an M&O contractor to inte-
grate the various activities and entities involved in the
program. The M&O has made some progress in meet-
ing this objective. However, the Board believes that
more work on developing an overall system frame-
work for the program is needed.

To that end, the Board recommended in its Special
Report that the DOE place a high priority on develop-
ing a comprehensive, well-integrated plan for manag-
ing all the spent fuel and high-level waste that
eventually may find its way into a permanent reposi-
tory. Such a plan should take into consideration the
interdependent nature of the system and subsystem
components involved in storage, transport, and dis-
posal of radioactive waste. Secretary O’Leary has re-
cently called for the appointment of a chief scientist for
the Yucca Mountain Project Office; this is one step that
could improve the integration of site-characterization
activities.

The third and final issue raised in the Board’s Special
Report focuses on the organizational structure and pro-
gram management of the Office of Civilian Radioactive
Waste Management. As | mentioned before, there are
many, very capable people working on this program.
However, the large number of organizations involved,
the program’s multilayered organizational structure,
and the fact that the entities are geographically dis-
persed create substantial challenges for program man-
agers. And responsibility for decision making seems to
be shared among the people at headquarters, the pro-
ject office, the M&O contractor and other private con-
tractors, the national labs, and the U.S. Geological
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Survey. Furthermore, in the Board’s view, the M&O
contractor, which was hired to integrate the program, is
not being used as effectively as it could be.

The Board also is concerned about the allocation of
program funds. The very high overhead and infrastruc-
ture costs for the program leave limited amounts for
actual site work and other important research and de-
velopment.

In light of these concerns, the Board recommended that
an independent evaluation of OCRWM'’s management
and organizational structure be undertaken. By this we
do not mean to suggest reconsidering the overall objec-
tives or policies underlying the development of a deep
geologic repository. | also would like to clarify that
such an independent management evaluation would,
by definition, not be an internal review conducted by
the DOE.

The Board notes with interest that several issues raised
in its Special Report — specifically the optimistic nature
of the schedule, the risk of short-circuiting important
scientific tests, and the relatively small amount of fund-
ing available for site-characterization activities — are
quite consistent with the findings in the GAO report
that also will be discussed today. However, there are
differences in the bases for the findings in the two
reports that are worth noting. For example, the conclu-
sion in the GAQ’s report that site investigation may
take 5-13 years longer than currently scheduled is
based primarily on its evaluation of past and projected
DOE program funding requests; whereas the Board
arrived at its observation that the current schedule is
unlikely to be met by estimating the actual time that
will be required to complete some critical scientific
tests. Although we have said that adequate and pre-
dictable funding should be provided for the program,
the Board believes that simply increasing program
funding will not ensure that the DOE will meet its 1998
and 2010 deadlines. In addition, in making its observa-
tion about the limited availability of funding for site

work and research and development, the Board consid-
ered only the impact of the Yucca Mountain project’s
infrastructure costs. The GAO considered in its calcula-
tions the funding requirements for transportation casks
and siting a centralized monitored retrievable storage
facility.

As pointed out in the GAO report, the funding priori-
ties given to siting a monitored retrievable storage facil-
ity and transporting spent fuel to such a facility by 1998
have substantially shifted support away from activities
related to repository development. This is an example
of how decisions made about one component of the
waste management program may have significant con-
sequences for another part of the program. It also dem-
onstrates the importance of resolving the policy issues
associated with the acceptance of spent fuel. These dif-
ficult issues need to be addressed by Congress, the
DOE, the utilities, and the other stakeholders.

Chairman Sharp and Chairman Lehman, in closing, |
would like to emphasize that the job the Congress has
given the DOE is important and necessary, but italso is
difficult and complex. This is true not just because of
the scientific and technical questions associated with
the development of this first-of-a-kind geologic reposi-
tory, but also because of the many political, institu-
tional, and public acceptance considerations that are
involved. However, the Board believes that without a
strong and defensible scientific and technical under-
pinning the other challenges facing the program will be
even more formidable.

We are all working toward the same objective — find-
ing a safe and environmentally acceptable long-term
option for managing the nation’s spent fuel and high-
level waste. The Board looks forward to continuing to
play a role in this crucial national effort.

Thank you once again for allowing the Board to present
its views. My colleagues and I will be happy to respond
to any questions you may have.
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Statement of Dr. Sherwood C. Chu,
Senior Professional Staff, Nuclear
Waste Technical Review Board

At a hearing of the Subcommittee on Energy,
Committee On Science, Space, and Technology, U.S.
House of Representatives, Newport News, Virginia,
November 8, 1993

Madame Chairman, and members of the subcommit-
tee. | am Sherwood Chu, a member of the senior profes-
sional staff of the Nuclear Waste Technical Review
Board. With me today is my colleague, Dr. Carl Di
Bella. We provide the technical staff support to the
Board in the areas of transportation, storage, and the
engineered barrier system. On behalf of the Board, |
would like to thank you for inviting us to participate in
today’s hearing. Dr. John Cantlon, the Board’s chair-
man, could not be here today, so he has asked us to
represent the Board this morning.

Very briefly, our Board was created by Congress in the
Nuclear Waste Policy Amendments Act of 1987. Con-
gress directed us to evaluate the scientific and technical
activities associated with the DOE’s program to man-
age commercial spent fuel and defense high-level
waste. Our Board is not part of the Department of
Energy.

The subcommittee has asked the Board to comment on
the potential of the multipurpose container concept
and related research and development needs. While
addressing the potential of the multipurpose container
concept, | will outline for you some of the Board’s
concerns. Several of these concerns were discussed at
length at a recent Board meeting held last week on the
broader subject of the interim storage of spent nuclear
fuel. Finally, I will make a few statements about the
research and development needed before final deci-
sions about a multipurpose container can be made.

The potential of the MPC concept

Let me first emphasize that the multipurpose container
— the MPC — is presently only a concept. As a concept,
the Board believes it offers potential. It has the potential
of addressing a number of broad issues that the Board
has identified in the past, including, enhancing safety;

developing a systems approach to manage the storage,
transport, and disposal of spent fuel; and standardizing
the features in the waste management system.

The Board has for some time been urging the DOE to
assess alternatives to its current “baseline” design con-
cept for managing the disposal of the nation’s spent
fuel and high-level waste. From early on, the Board has
been concerned about the many handlings and trans-
fers of spent fuel required in this “baseline” scenario,
which calls for the use of different single-purpose casks
for storage, transportation, and disposal. To reduce
handling

and enhance safety throughout the system, the Board
recommended that the DOE look at alternative tech-
nologies, including the development of a universal, or
multipurpose container concept that could be used for
storage, transport, and disposal.

The MPC concept also could substantially reduce the
potential problems arising from the proliferation of
nonstandard technologies. For example, as some utili-
ties begin to run out of storage space in their spent fuel
pools, they are facing the need for the dry storage of
spent nuclear fuel at their reactor sites. As the need for
dry storage has increased, a number of different stor-
age systems have been installed by the utilities. A di-
versity of technologies may pose problems of
compatibility for the civilian radioactive waste man-
agement system.

An additional advantage of the MPC concept is that it,
by its very nature, may force a systems approach to the
waste management process. If the MPC concept is de-
veloped properly, the DOE will have looked at the
storage, transport, and disposal functions in an inte-
grated manner. However, the Board has concerns
about how the MPC concept may be developed.

Board concerns

As mentioned already, the Board has consistently
stated that the functions of storage, transportation, and
disposal are strongly interconnected. Because of this,
the Board has urged the DOE to use systems analysis
when making decisions about different parts of the
waste management process. This kind of work is a
prerequisite for design, and, although some future it-
eration may be necessary, systems analysis should not

F-4



Appendix F

entail a large-scale effort. Doing a systems analysis will
allow the DOE to evaluate the pros and cons of alterna-
tive concepts for major pieces of the system.

A systems analysis also will provide a technical basis
for making decisions related to various MPC perform-
ance criteria and design features. Such an analysis
should take into account aspects of the rest of the waste
management system, including, for example, the
MPC’s effects on the design of the repository and ther-
mal-loading options. A systems analysis should also be
performed to determine if the various potentials of the
MPC concept — such as safety enhancement and cost
savings — can indeed be achieved. As was noted at our
meeting last week, a complete systems analysis is not
currently available, and the DOE itself acknowledged
that much remains to be done in this area.

In its March 1993 Special Report to the U.S. Congress
and the U.S. Secretary of Energy, the Board observed
that the overall civilian radioactive waste management
program is being driven by unrealistic deadlines. This
appears to be the case with the MPC as well. The DOE
seems to be rushing to settle on a design so the MPC
will be ready to meet the 1998 date for federal accep-
tance of spent nuclear fuel from the utilities. But, if
systems analyses have not been completed, the prema-
ture specification of a design could preclude more de-
sirable options later on — or even result in program
delays and additional costs.

Another of the Board’s concerns is that to meet the 1998
date, the disposal function may be given low priority
during MPC development. This could result in a dual-
purpose container that can be used only for transport
and storage. The Board believes that if the disposal
function is lost, the appeal of the MPC concept will be
substantially diminished. Therefore, when assessing
any multipurpose container concept, the DOE should
evaluate its potential for transport, storage, and dis-
posal of the spent fuel — not just storage and transport.

MPC research and development

I would like to make some brief comments about MPC
research and development. In the absence of sufficient
analysis to support the definition of the MPC’s desired
design features, it is too early to talk about an MPC
research and development program except in a very
general sense. However, it is important to note that the
Board has long advocated sufficient and consistent
funding for efforts to develop a robust, long-lived dis-
posal waste package, which, after burial, should work
together with the geology of the site to form a multibar-
rier, defense-in-depth approach to waste isolation. To
be able to project the performance of waste package
materials with reasonable confidence for several thou-
sand years, careful, long-term research will be re-
quired. Unfortunately, the level of research and
development related to selecting materials for the dis-
posal waste package has been very low; much work in
this area has not yet been planned. Research work also
is needed to evaluate the potential problems involved
with welding thick packages filled with spent fuel and,
most particularly, on developing methods for examin-
ing the welds of such packages. The Board has repeat-
edly urged the DOE to increase its emphasis on
research and development in the area of waste package
design.

In closing, | would like to reiterate that the Board be-
lieves that the MPC has potential as a concept. How-
ever, the Board has a number of concerns about how
the development of the MPC concept progresses. Tech-
nical decisions concerning the MPC design should not
be driven by a desire to meet a deadline; the choice of
the ultimate MPC design should be supported by a
thorough systems analysis; and the disposal function
should not be sacrificed during design efforts.

Thank you. We would be happy to respond to ques-
tions.
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Statement of Dr. John E. Cantlon,
Chairman, Nuclear Waste Technical
Review Board

Before the Subcommittee on Energy and Water
Development, Committee on Appropriations, U.S.
House of Representatives, March 14, 1994

Mr. Chairman and members of the Subcommittee: | am
John Cantlon, Chairman of the Nuclear Waste Techni-
cal Review Board. With me this morning is another
member of the Board, Dr. Warner North. We are
pleased to be here today to present the Board’s appro-
priation request for fiscal year 1995.

I will begin, this morning, by briefly summarizing our
request. In addition, | will outline three recommenda-
tions concerning the civilian radioactive waste man-
agement program that were included in a letter report
submitted by the Board to the Secretary of Energy and
Congress three weeks ago. A detailed document con-
taining the specifics of our request and supporting data
also has been prepared. With your permission, Mr.
Chairman, | would like to submit this more detailed
document together with the Board’s letter report for
inclusion in the hearing record.

Appropriation request

The Board’s appropriation request for fiscal year 1995
is $2,664,000. This will partially fund the Board’s activi-
ties. The balance of the funds required will come from
an unobligated carryover from fiscal year 1994 in the
amount of $709,000.

Background

Mr. Chairman, as you know, in 1987, Congress created
the Nuclear Waste Technical Review Board to provide
an unbiased review of the technical and scientific valid-
ity of activities undertaken by the Secretary of Energy
related to the management of civilian spent fuel and
some defense high-level waste. In the same law, Con-
gress directed the Department of Energy to evaluate a
site at Yucca Mountain, Nevada, to determine if it is
suitable for the development of a permanent under-
ground repository for the disposal of this waste.

During its five-year review, and especially during the
past year, the Board has witnessed considerable pro-
gress in the program. For example, after several delays,
underground excavation of the exploratory facility at
Yucca Mountain has begun, and the management and
operating contractor is beginning to integrate all the
components of the waste management system. The
Board believes strongly that the momentum of these
activities should be maintained.

The Board also commends Secretary O’Leary for her
recent efforts to improve the program. For example,
she has created the position of chief scientist; she is
proceeding with a financial and management review of
the Yucca Mountain project; and, she has taken steps
toward broadening stakeholder participation in the
program. In addition, Dr. Daniel Dreyfus was con-
firmed as director of the Office of Civilian Radioactive
Waste Management on October 7, 1993.

The Board is encouraged by these actions. However,
we believe much remains to be done. And from com-
ments he has made to the Board and others, it is appar-
ent that in the very short time he has been director, Dr.
Dreyfus also has recognized that a number of key is-
sues need to be addressed in the coming months.

In an effort to provide timely and constructive com-
ments on some of these important issues, the Board on
February 24, 1994, submitted a short letter report to the
Secretary and Congress. The letter report contains the
following three recommendations.

Summary of Recommendations

First, the Board reiterates its recommendation of a year
ago that an independent review of the entire
OCRWM'’s management and organizational structure
should be initiated as soon as possible. (I would just
parenthetically add here that the review of the project
that has been initiated by the Secretary could be part of
this overall review. However, it is not an adequate
substitute for the more comprehensive review of or-
ganizational structure and management of the entire
program we are recommending.)

The Board believes that such an independent review of
the OCRWM will provide an excellent basis for the
needed reshaping of the program, regardless of future
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funding scenarios. Considering the proposed changes
in both the method and levels of funding for the
OCRWAM in fiscal year 1995, this review is needed now
more than ever. The Board believes that improving the
program’s management and organizational structure
will contribute to the quality and timeliness of the sci-
entific and technical bases for important site-charac-
terization or other critical research essential to an
effective program.

Such a review should not take long, nor should it re-
quire a large staff. More important, the Board believes
that program activities should not be impeded while
this review is taking place. In fact, we believe that the
review we have recommended could actually speed
real program progress.

Second, the Board believes that whether or not the
program receives the increase in funding it has re-
quested, program management should ensure suffi-
cient and reliable funding for site-characterization and
performance assessment activities. During the past
three years, the OCRWM has cited a lack of funds as the
reason for postponing or slowing critical site-charac-
terization activities. For example underground excava-
tion, surface-based testing, and research related to
engineered barriers and a robust, long-lived waste
package, have all been delayed to one degree or an-
other due to funding considerations. At the same time,
however, the number of contract employees working
on the program has continued to grow.

The Board believes that relatively too little funding has
been allocated to the direct costs of determining
whether the Yucca Mountain site is a suitable location
for a permanent repository.

Program managers need to place a greater emphasis on
a number of important site-characterization and re-
search activities. At the very least, sufficient monies
should be guaranteed for those activities that will expe-
dite finding any features that could disqualify the site.

Finally, the Board recommends that the OCRWM build
on the Secretary’s new public involvement initiative by
expanding current efforts to integrate the views of the
various stakeholders into the civilian radioactive waste
management program during the decision-making
process — not afterward.

In conclusion, Mr. Chairman, the Board recognizes that
in the United States, as well as in all other countries
dealing with these issues, there are no quick fixes for
the challenges associated with the safe, permanent dis-
posal of nuclear waste. With that said, however, the
Board strongly believes that, no matter what future
program funding trends may be, implementing the
Board’s recommendations will help achieve a more ef-
ficient and cost-effective program.

As the only agency charged by Congress with provid-
ing an independent review of all technical and scien-
tific aspects of the DOE’s efforts to dispose of high-level
radioactive waste, the Board looks forward to continu-
ing to report to Congress and to making recommenda-
tions to the Secretary as we work together to improve
and facilitate progress in this important program.

Thank you.

Dr. North and | will be happy to respond to questions.
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Appendix G
Department of Energy Responses to the
Recommendations in the Board’s Reports

As part of its effort to keep the Nuclear Waste Technical Review Board informed of its progress,
the Department of Energy (DOE) submits a summary of initial responses to recommendations the
Board makes in its reports. Included here are the DOE’s responses to the (1) Sixth Report (December
1992), (2) the NWTRB Special Report (March 1993), and (3) the report on Underground Exploration and

Testing at Yucca Mountain (October 1993). Inclusion of DOE’s responses does not imply Board concur-
rence.
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Department of Energy
Washington, DC 20585

April 4, 1994 '950[:/,

Dr. John E. Cantlon '515?3
Chairman '
Nuclear Waste Technical Review Board

1100 Wilson Boulevard

Arlington, Virginia 22209

Dear Dr. Cantlon:

This letter transmits the Department of Energy’s response to the Nuclear Waste
Technical Review Board’s report entitled Underground Exploration and Testing
at Yucca Mountain that was issued on October 15, 1993. Our response to the
Board’s observations and recommendations may be found in the enclosure.

As noted in the Board’s report, our plans for underground exploration and
testing, including the design of the Exploratory Studies Facility, have
evolved substantially over the past few years. Many of these changes resulted
from the Board’s previous reports. The Department appreciates the Board’s
latest observations and recommendations, and as noted in our response, intends
to work with the Board and its staff to resolve these issues. In our
response, we have identified areas where further elaboration or clarification
is needed to fully address the concerns that the Board has raised. We will
provide a supplemental response to each issue when we receive this
information.

In response to the widespread criticism regarding project management, the
Department of Energy has taken significant steps to improve our management
practices. We are committed to these efforts to ensure that the increased
funds made available through the proposed special account for program
expenditures will be effectively utilized to complete our priority activities.
We believe that these efforts also address the concerns raised in the Board’s
latest report. For example, an independent financial and management review of
the Yucca Mountain Site Characterization Project was initiated in January and
should be completed late Spring 1994. This review will encompass an
evaluation of the funding allocation decisions as the Board recommended. We
intend to use the results of this review, along with the products of other
management improvement initiatives to reduce infrastructure and to maximize
the funds available for scientific studies at Yucca Mountain.



The Department appreciates the Board’s constructive review and insightful
recommendations regarding our technical program. We are looking forward to
receiving the Board’s views on our approach to addressing its latest concerns
within the other constraints on the program. If you have any questions,
please contact me at (202) 586-6850.

Sincerely,

AL 47

Daniel A. Dreyfus, Dyregtor
Office of Civilian Radioactive
Waste Management

Enclosure



Appendix G

DOE Response to the Recommendations of the
Nuclear Waste Technical Review Board in Its
Sixth Report to the U.S. Congress and

the U.S. Secretary of Energy, December 1992
(Submitted to the NWTRB on May 11, 1993)

INTRODUCTION

The Nuclear Waste Policy Amendments Act of 1987 established the Nuclear Waste Technical Re-
view Board to evaluate the technical and scientific validity of activities undertaken by the Department
of Energy in the Office of Civilian Radioactive Waste Management.

The Board is required to report, not less than two times per year, to the Congress and the Secre-
tary of Energyi, its findings, conclusions, and recommendations. The Board has issued seven reports to
date. The sixth report, issued on December 23, 1992, includes seven recommendations in three broad ar-
eas: (1) transportation and systems; (2) the engineered barrier system; and (3) risk and performance
analysis. Also included in the sixth report are observations and conclusions supporting a fourth broad
subject area, international activities.

These recommendations, which are found on page Xl of the Executive Summary, and the Depart-
mental responses are presented in this report. In addition, the Department has chosen to respond in
general to the observations and conclusions with regard to international activities. Each recommenda-
tion is quoted verbatim from the Board’s report of December 23, 1992, and is followed by the response.

TRANSPORTATION AND SYSTEMS

These recommendations from the Board concern the interactions and interfaces between the vari-
ous components of the waste management system and the Department’s approach to managing and
implementing the overall waste management system.

Recommendation 1:

To ensure the safe performance of the waste management system, the program should not be overly moti-
vated by the need to meet a tight schedule driven by target dates. Instead, the Board urges the DOE to ground all
major technical decisions in sound scientific analysis that includes the careful evaluation of alternatives.

Response:

The Department recognizes the Board’s concerns regarding the Civilian Radioactive Waste Man-
agement Program’s schedule, and understands the inherent risks in our efforts to maintain that sched-
ule. At the same time, the Department is committed to achieving progress consistent with the
mandates set forth in the Nuclear Waste Policy Act of 1982, as amended, to maintain the support of
Congress and other program stakeholders. Intermediate milestones have been established in all major
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program areas to measure that progress. These intermediate milestones are consistent with the use of
“interim goals” as recommended in the Board’s Special Report. However, system safety and scientific
integrity will not be compromised in our efforts to maintain the schedule.

In response to the Board’s concerns, the program has placed increased emphasis on the implemen-
tation of an improved, top-level decision-making process, which requires that sound studies and analy-
ses provide the basis for management decisions in the resolution of both technical and programmatic
issues. This process includes the review of the issues and supporting analyses by an executive commit-
tee, composed of senior managers from all program elements, to ensure that the system-wide impacts
are thoroughly understood before a decision is made.

In addition, the Department has recently completed a comprehensive review of the existing plans
for system analyses and related activities with respect to the Board’s previous recommendations. This
review has resulted in the development of an action plan, which was discussed with members of the
Board’s technical staff in March, to ensure that the Department’s system analyses adequately consider
the interdependent nature of waste storage, transportation, and disposal in the evaluation of alterna-
tive concepts.

Recommendation 2:

The Board continues to urge the DOE to conduct timely, iterative, top-level system studies so that the re-
sults can be used to identify enhancements, evaluate alternatives, rationalize acquisition decisions, and provide
for contingencies, thus, reflecting sound program planning.

Response:

The Department recognizes the importance of timely system studies as a part of sound program
planning and understands the Board’s concerns regarding the scope and underlying assumptions in
the previous system studies. The program is performing iterative system studies to evaluate the merits
or impacts of potential enhancements and alternative configurations before major design or acquisition
decisions are made. In addition, the Working Group, introduced in the Department’s response to the
previous Board recommendation, is currently evaluating the overall constraints and the underlying as-
sumptions of the top-level system studies. This evaluation, undertaken in response to previous Board
recommendations (June 1992), and the resulting recommendations will help focus the program’s sys-
tem study effort.

Furthermore, the program is implementing a structured decision process, which requires that spe-
cific, appropriate system studies provide a sound technical basis for timely management decisions. The
system studies will analyze and quantify the impacts of contingency scenarios and verify that adequate
system flexibility will exist.

ENGINEERED BARRIER SYSTEM

The following Board recommendations pertain to the production of the defense high-level waste
and its impact on various system parameters and the design of the engineered barrier system and its
contribution to the overall system waste isolation performance.
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Recommendation 3:

The DOE should establish and document for defense wastes the relationship between the requirements of
the draft Waste Acceptance Preliminary Specifications document and the regulatory requirements of 10 CFR 60.

Response:

The regulatory requirements regarding high-level waste stated in 10 CFR 60, which are applicable
to the waste producers, are incorporated in the program technical baseline in the Waste Acceptance
System Requirements Document. The draft Waste Acceptance Preliminary Specification Document, re-
ferred to in the Board’s recommendation, has been superseded by the Waste Acceptance System Re-
guirements Document, which was approved in December 1992. This document, developed through a
joint effort between the Office of Civilian Radioactive Waste Management and the Office of Environ-
mental Restoration and Waste Management, sets forth the relationship between applicable 10 CFR 60
regulatory requirements and the defense and commercial high-level waste specifications.

The Waste Acceptance Systems Requirements Document provides technical criteria for accep-
tance of waste. Verification of compliance with this document will confirm that the canisters are of con-
sistent quality and contain a durable glass. The high-level waste canisters will be designed to meet the
criteria for waste form design provided in 10 CFR 60.135(c). The waste form will also contribute to-
ward meeting the remaining design criteria for the waste package and the engineered barrier system
performance objectives in 10 CFR 60.113. Therefore, the Waste Acceptance System Requirements Docu-
ment addresses that portion of the overall regulation which pertains specifically to the waste form.

Recommendation 4:

A study should be initiated to assess the impact of the projected number of canisters of defense waste - pro-
jections range from 15,000 to 200,000 - on repository design and cost, as well as on total waste management sys-
tem costs.

Response:

The Department is presently analyzing various pretreatment and disposal options for the tank
wastes at the Department’s Hanford facility in Washington, and at the Idaho National Engineering
Laboratory. Therefore, a range of possible numbers of high-level waste canisters, based upon different
disposal options, were discussed with the Board. The program has established a baseline documenting
and controlling the number of high-level waste canisters for acceptance into the Civilian Radioactive
Waste Management System. Currently, the Waste Acceptance System Requirements Document pro-
vides for the acceptance of up to 13,200 canisters of vitrified high-level waste for disposal in the first re-
pository from Savannah River and Hanford. More recent estimates of the potential number of canisters
of defense high-level waste, documented in the 1992 Integrated Data Base prepared for the Department
by Oak Ridge National Laboratory, range from approximately 23,600 to 48,600 canisters. This estimate
includes an assessment of the single shell tanks at Hanford. The system-wide impacts of these new esti-
mates will be analyzed as the projections are refined. In the future, the technical baseline control proc-
ess will ensure that changes in the allowable number of canisters will be assessed for impacts on the
Civilian Radioactive Waste Management System, including impacts on repository design and cost.
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In addition, the Department analyzes, on an ongoing basis, the impact of alternative waste quanti-
ties — both spent nuclear fuel and defense high-level waste — on the cost of the waste management
system. The published Total System Life Cycle Cost (DOE/1990) reports consider a wide range of
waste quantities from civilian and defense sources. In the fall of 1992, the Department initiated a study
that focuses on the cost impacts of alternative projections of defense high-level waste, paying particular
attention to the single shell tank waste at the Department’s Hanford facility. The various pretreatment
options and canister designs that are being considered may influence the number of shipments and em-
placement method and, therefore, the disposal costs. In this study, which is still under way, a wide
range in the projected number of canisters for Hanford waste are being analyzed for their cost implica-
tions.

The Department is also preparing a report to Congress on the adequacy of current programs and
plans for the management of nuclear waste. The report, which is required by Section 803 of the Energy
Policy Act of 1992, is due to be released on October 24, 1993. The purpose of the report is to determine
whether the current programs and plans for the management of nuclear waste as mandated by the Nu-
clear Waste Policy Act of 1982, as amended, are adequate for the management of any additional vol-
umes or categories of nuclear waste that might be generated by new nuclear power plants that might
be constructed and licensed after enactment of the Energy Policy Act of 1992.

Recommendation 5:

The DOE should perform a study to determine if the planned methodology for estimating the radionuclide
composition of filled defense waste canisters is adequate for compliance purposes.

Response:

The Waste Acceptance System Requirements Document provides the requirements for the accep-
tance of waste including the associated documentation and product specifications the waste producer
is to provide for performance assessment and regulatory compliance purposes. The Civilian Radioac-
tive Waste Management Program has established these requirements, in consultation with the waste
producers and after review by the Nuclear Regulatory Commission, to ensure the methodology and
documentation is adequate for regulatory compliance purposes. The waste producer, in turn, will de-
velop the appropriate product description documents and control processes to ensure that the waste
form and accompanying documentation complies with the Waste Acceptance System Requirements
Document.

Specifically, the Waste Acceptance System Requirements document requires that the high-level
waste producer report the estimated total and individual canister inventory of radionuclides (in Cu-
ries) that have half-lives longer than 10 years and that are, or will be, present in concentrations greater
than 0.05 percent of the total radionuclide inventory. To document and substantiate inventory data, the
producer is required to provide: (1) a Waste Form Compliance Plan, to show how they demonstrated
compliance with this requirement; (2) a Waste Form Qualification Report, to document waste form test-
ing and analysis results; and (3) Production Records. The current Waste Form Compliance Plan, dated
March 1990, defines the Producer’s strategy for complying with the Waste Acceptance System Require-
ments. The calculations, analyses, and sampling techniques the Producer plans to use, and the esti-
mated errors are included in this document. The methods include: estimates based on contents of
unprocessed waste, and the analysis of actual final waste form samples.
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Recommendation 6:

The Board strongly recommends that high-capacity, self-shielded waste package designs — including de-
signs compatible with multipurpose cask concepts — be included in the set of waste package conceptual designs
now heing developed.

Response:

The Department has included a large, self-shielded, waste package incorporating a multi-purpose
canister among the design concepts now being considered during the Advanced Conceptual Design
phase of the waste package development program.

As discussed with the Board at the January 5-6, 1993, meeting, the program has recently com-
pleted an integrated study of the feasibility of the multi-purpose canister concept. On the basis of this
study and other input, the Department has decided that the multi-purpose canister concept merits fur-
ther analysis. The program will develop design criteria that identify requirements that a canister/cask
must meet for storage, transportation, and disposal. Also discussed with the Board in January, self-
shielded canister concepts were considered in the study and will be considered during the waste pack-
age advanced conceptual design phase.

RISK AND PERFORMANCE ANALYSIS

This Board recommendation pertains to the prioritization of the various studies in the site charac-
terization of the candidate Yucca Mountain repository site.

Recommendation 7:

Based on Sandia’s and Pacific Northwest’s total system performance assessments, the Early Site Suitability
Evaluation, and other relevant and available studies, the DOE should provide a timely reassessment of its priori-
ties among the numerous studies that are part of site-characterization plans. Of critical importance is the defini-
tion of those data most needed for assessing site suitability.

Response:

The Department continually reassesses the priorities for site studies on the basis of all relevant in-
formation. The Department evaluates near-term priorities as schedules for site activities are developed.
The relative benefits of data to be derived from the various trenching, laboratory, and drilling activities
are considered as near-term operational plans are finalized. The Department establishes longer term
priorities as a part of the annual budget allocation, especially with regard to priorities for surface, labo-
ratory, and preparation for testing in the Exploratory Studies Facility.

The Department developed a focused approach for prioritizing the site testing program during
late 1991 and early 1992. The Department integrated and used information from previous performance
assessments, the Early Site Suitability Evaluation, and other relevant sources as input to a spreadsheet
prioritization model. The criteria to prioritize tests were: (1) detection of unsuitable conditions; (2) im-
proving the basis for regulatory compliance; (3) increasing scientific confidence; and (4) cost. By weight-
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ing the criteria in the spreadsheet model according to current priorities, the Department can produce a
rank-order of site studies to facilitate prioritization. Rankings of the top 20 studies on each criterion are

shown in Figure 1.

Figure 1. Rank order for the top 20 studies in each criterion.
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Appendix G

INTERNATIONAL ACTIVITIES

The following is a response to the Board’s observations and suggestions derived from their re-
view of waste management programs in other countries, as presented in the Sixth Report.

“In summary, the Nuclear Waste Technical Review Board would like to suggest that both Congress and the
U.S. Secretary of Energy review the U. S. program with respect to specific approaches countries visited by the
Board are taking in the design and implementation of their programs to manage the disposal of spent-fuel and
high-level radioactive waste.” (NWTRB Sixth Report, pg. 58, Summary Section, first paragraph).

The Department commends the Board’s efforts to survey the status and progress of radioactive
waste management programs in other countries, to interact with officials involved with waste manage-
ment programs abroad, and to compare and contrast the approaches being used in these foreign pro-
grams with our program. The Department concurs with the Board’s statements about the difficulty in
comparing the approaches taken by other countries with those in the United States because of the dif-
fering historical, cultural, and institutional frameworks which these programs have developed. In spite
of these important differences, the Department believes strongly in the value of keeping abreast of the
approaches and developments in other programs and actively interacting with the international waste
management community.

The Board’s interest and comments come at an opportune time. The program periodically per-
forms a review of the trends apparent in the design and management of foreign waste programs, as
well as technical approaches and strategies. The intent of these periodic reviews is to identify manage-
ment as well as technical strategies and approaches that may serve as models for the program, or that
could be adapted to fit the requirements and constraints of the United States situation. The last review
was done in 1989, and the program is currently performing another such review. The Board’s observa-
tions about waste management programs abroad are welcomed, and we are considering them in our
ongoing review. We look forward to informing the Board of the results of our review and, if desired, in-
teracting with the Board during its progress. Should Congress also elect to follow the Board’s sugges-
tion to review the program from an international perspective, the Department would look forward to
supporting their efforts as requested.

Although we share the Board’s enthusiasm for the potential for deriving benefits from the foreign
example, we agree that the degree to which foreign approaches can serve as domestic models is limited
by the unique features of the program. As a consequence of these unique features (identified in Chap-
ter 3, page 39), the research and development priorities and program management structures of other
countries can be quite different than in the United States and not always transferable. There are also in-
stitutional differences between the United States and other countries which limit direct comparison.
The Board recognizes the size of the Federal research establishment involved in the program and the
impact